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ABSTRACT
Objectives Echocardiography is a sensitive test for
rheumatic heart disease (RHD) screening; however the
natural history of RHD detected on screening has not
been established. We aimed to evaluate the progression
of screening-detected RHD in Fiji.
Methods All young people previously diagnosed with
RHD through screening, with echocardiograms available
for review, were eligible. All baseline echocardiograms
were reported again. Participants underwent follow-up
echocardiography. A paediatric cardiologist determined
the diagnosis using the World Heart Federation criteria
and assessed the severity of regurgitation and stenosis.
Results Ninety-eight participants were recruited (mean
age, 17 years; median duration of follow-up, 7.5 years).
Two other children had died from severe RHD. Fourteen
of 20 (70%) definite RHD cases persisted or progressed,
including four (20%) requiring valve surgery. Four (20%)
definite RHD cases improved to borderline RHD and two
(10%) to normal. Four of 17 (24%) borderline cases
progressed to definite RHD (moderate: 2; severe: 2) and
two (12%) improved to normal. Four of the 55 cases
reclassified as normal at baseline progressed to
borderline RHD. Cases with a follow-up interval >5 years
were more likely to improve (37% vs 6%, p=0.03).
Conclusions The natural history of screening-detected
RHD is not benign. Most definite RHD cases persist and
others may require surgery or succumb. Progression of
borderline cases to severe RHD demonstrates the need
for monitoring and individualised consideration of
prophylaxis. Robust health system structures are needed
for follow-up and delivery of secondary prophylaxis if
RHD screening is to be scaled up.

INTRODUCTION
Rheumatic heart disease (RHD) remains a major
cause of global morbidity and mortality, affecting in
excess of 30 million people and causing over
345 000 deaths annually.1 Most patients in resource-
limited settings present with advanced disease and
complications2 3 and therefore prognosis at the time
of diagnosis is poor.4 Echocardiography has been
shown to be a highly sensitive test for RHD,5 raising
the possibility that a population-based screening
programme could identify cases earlier and improve
disease outcomes through secondary antibiotic
prophylaxis. Formulation of appropriate screening
policy requires an understanding of the history of
echocardiographic changes over time and how these
changes correlate with the risk of developing clinical
complications.6

Criteria for the echocardiographic diagnosis of
RHD, in individuals without a history of rheumatic
fever, have developed over time, culminating in

evidence-based criteria produced by the World
Heart Federation (WHF) in 2012.7 The WHF cri-
teria defined ‘definite RHD’ on the basis of func-
tional and morphological changes to the heart
valves, and also introduced the category of ‘border-
line RHD’ where the complete criteria are not ful-
filled. The borderline RHD group includes
individuals with true, early RHD and others with
non-pathological echocardiographic findings,8 9

although it is not known if there are identifiable
risk markers to differentiate these populations. In
many settings, individuals with borderline RHD
have not been commenced on prophylaxis.10 If a
large proportion of the borderline group indeed
have true, latent RHD (ie, likely to develop clinical
disease and likely to benefit from prophylaxis) then
the case for screening would be more compelling.
On the other hand, the magnitude of the health
system response required to treat and follow-up
cases would be greatly increased.
Data of echocardiographic progression of cases

detected through screening, using the WHF criteria,
are limited by small samples and brief follow-up
times.11–13 Therefore, we aimed to investigate the
changes in echocardiographic findings in a group of
children and young people diagnosed with RHD
through screening, and to evaluate possible risk and
protective factors for disease progression.

METHODS
Setting
The study took place in Fiji, a nation of 332 islands
in the South Pacific region with a population of
approximately 900 000. Fiji has a very high burden
of RHD, with a prevalence of definite RHD of 7–8
per 1000 on echocardiographic screening of
school-aged children.14 15 RHD is one of the
leading causes of mortality in children and young
adults.16 The Fiji Ministry of Health and Medical
Services operates a register-based RHD control pro-
gramme. The Ministry has conducted echocardio-
graphic screening of school-aged children
sporadically since 2008. Children diagnosed with
RHD were recommended secondary antibiotic
prophylaxis using intramuscular benzathine penicil-
lin G (BPG). Those with uncertain diagnosis,
including those with borderline RHD diagnosed
since 2012, are counselled, but most were not com-
menced on prophylaxis. Surgical intervention is
provided by fly-in/fly-out cardiac surgical teams,17

or occasionally via international evacuation.

Participants
All young people with any form of RHD diagnosed
on echocardiography (ie, ‘probable’ or ‘definite’
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RHD using criteria from the National Institutes for Health and
WHO (NIH-WHO),18 or ‘borderline’ or ‘definite’ RHD using
WHF criteria) during previous screening studies in Fiji from
2006 to 201314 15 19 20 were eligible to participate. Research
staff contacted eligible families with an invitation to participate
and provided verbal and written information regarding study
procedures. Signed informed consent was obtained from partici-
pants, or from a parent or guardian for those aged less than
18 years. Signed assent was additionally obtained for partici-
pants aged 10 years and above.

Follow-up assessment
Assessments were completed across 15 days, at six hospitals and
health centres from August to November 2015. Age, sex, height
and weight were recorded. Information on adherence to second-
ary prophylaxis was manually collected from clinic injection
records, as reported elsewhere.21 Adherence was defined as the
proportion of recommended BPG injections received from
December 2011 to December 2014. Echocardiography was per-
formed by an experienced sonographer. A Vivid q or Vivid e
machine (GE Healthcare, Freiburg, Germany) was used with a
1–5 MHz or 1.7–4 MHz transducer. Machine settings and mea-
surements were as per WHF guidelines.7 Deidentified images
were saved for offsite reporting.

Echocardiographic reporting
A paediatric cardiologist, experienced in the echocardiographic
diagnosis of RHD, reported all studies, blinded to any clinical
information or the original diagnosis. Diagnosis was made
according to the WHF criteria, into categories of definite RHD;
borderline RHD; congenital or other non-RHD; and normal.
Definite and borderline RHD were further classified by the
WHF criteria subcategories.7 In addition, we identified a subset
of normal cases with non-specific valvular abnormalities (NSVA)
on echocardiography, defined as: a single morphological feature
of the mitral valve; ≥1 morphological feature of aortic valve;
non-pathological mitral regurgitation (MR) with jet length
≥2 cm; or non-pathological aortic regurgitation with jet length
≥1 cm.

As the WHF criteria were developed for diagnosis of cases
without a history of rheumatic fever, and not for follow-up of
known cases, several modifications were necessary. Disease cri-
teria for those aged ≤20 years were used for participants of all
ages, in order to ensure consistent classification of borderline
disease. Cases with a history of surgical intervention for RHD
were classified as severe, definite RHD. Some baseline echocar-
diograms performed prior to 2012 did not contain the spectral
Doppler views necessary to apply the WHF criteria, and in
these cases we used modified criteria to categorise pathological
regurgitation using colour Doppler views.22 Assessment of the
severity of regurgitation and stenosis was based on previously
published recommendations.23–25

Progression was defined as an increase in diagnostic category
(ie, from normal to borderline or definite RHD; or from bor-
derline to definite RHD), an increase in severity for definite
RHD cases (eg, from mild to moderate) or the requirement for
valve surgery. The report of the same cardiologist was used to
assess progression. A subset of echocardiograms was reported by
a second paediatric cardiologist to assess inter-rater agreement.

Echocardiography results for all participants were discussed
with clinical services at the local tertiary referral hospital.
Participants with any abnormality on echocardiogram, or who
had ever been diagnosed or treated for RHD, were referred for
further assessment and counselling with the paediatric or adult

cardiology unit. Other participants were notified of a normal
result by phone, and offered follow-up with clinical services.

Statistical analysis
Descriptive statistics were used to summarise disease progression
and improvement. Evaluation of risk factors for disease persist-
ence and progression used Fisher’s exact test for categorical
variables and the Mann-Whitney U test for continuous variables.
Cohen’s κ statistic was used to evaluate the inter-rater agreement
of diagnosis between the reporting cardiologists. Deidentified
data were analysed using Stata V.14 (Stata Corp, Texas, USA).

RESULTS
One hundred and thirty-four potential RHD cases with echocar-
diograms available for review were identified. Ninety-eight par-
ticipants completed a follow-up echocardiogram (table 1). The
reasons for non-participation were: known relocation or migra-
tion (n=17), unavailability on follow-up clinic dates (n=7),
uncontactable (n=7), declined to participate (n=2) and
deceased (n=3, including 2 due to severe RHD). The median
age of participants at follow-up was 17 years. The median dur-
ation of follow-up was 7.5 years; 67% were female, 65% from a
rural area and 82% were iTaukei (indigenous Fijian). Very few
cases (2%) received adequate antibiotic prophylaxis to protect
against disease progression.

Echocardiographic diagnosis
After reporting all baseline echocardiograms again, 20 were clas-
sified as definite RHD, 17 as borderline RHD and 55 were
reported to be normal using WHF criteria, including 23 with
one or more NSVA. There were six cases of congenital disease.
Details of echocardiographic diagnosis at baseline and follow-up
are shown in table 2. A second cardiologist reported on 95 of
the baseline and follow-up echocardiograms (48%). The agree-
ment on diagnosis between reporters was moderate (κ 0.59 for
definite RHD; 0.56 for any RHD).

Table 1 Participant characteristics

Characteristic

Median age at screening (IQR), years 10.4 (8.5–12.0)
Median age at follow-up (IQR), years 17.0 (14.6–19.3)
Median duration of follow-up (IQR), years 7.5 (2.7–7.7)
Gender—n (%)
Female 66 (67.4)

Ethnicity—n (%)
iTaukei 80 (81.6)
Fijian of Indian descent 17 (17.4)
Other 1 (1.0)

Residence—n (%)
Urban 34 (34.7)
Rural 64 (65.3)

Secondary antibiotic prophylaxis—n (%) 58 (59.2)
Not commenced 40 (40.8)
Adherence 0% 23 (23.5)
Adherence 1%–49% 23 (23.5)
Adherence 50%–79% 6 (6.1)
Adherence ≥80% 2 (2.0)
Data unavailable 4 (4.1)
Total 98
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Change in echocardiographic diagnosis at follow-up
Of the 20 cases with definite RHD at baseline, 14 (70%) had
definite RHD on follow-up, 4 (20%) improved to borderline
RHD and 2 (10%) improved to normal (table 3, figure 1).
Improvement was observed in four of eight (50%) mild RHD
cases and two of nine (22%) moderate RHD cases. Four cases
(20%) had evidence of valve surgery on follow-up
echocardiography.

Of the 17 cases with borderline RHD at baseline, 4 (24%)
progressed to definite RHD (2 moderate and 2 severe). All four
cases had pathological regurgitation of the mitral valve (border-
line RHD, subcategory B) at baseline. Two other borderline
RHD cases (12%) improved to normal (both also subcategory
B). Four of 55 cases classified as normal at baseline progressed
to borderline RHD. One of these cases had an NSVA at baseline
(aortic regurgitation that progressed to pathological). No

normal cases progressed to definite RHD. The reasons for the
change in diagnosis for cases diagnosed with definite RHD are
shown in table 4.

Factors associated with echocardiographic improvement
Of the 37 cases with definite or borderline RHD at baseline, 29
(78%) persisted or progressed and 8 (21%) improved in diag-
nostic category. Cases with an interval of >5 years since screen-
ing were more likely to improve (37% compared with 6%,
p=0.03). Further analysis of potential risk and protective
factors was limited by the sample size, but no other associations
were found (table 5).

DISCUSSION
This study represents the longest follow-up of participants with
echocardiographic screening-detected RHD. Definite RHD
appears to be a true disease entity with 70% of cases persisting
or progressing and 20% requiring cardiac surgery during
median follow-up of 7.5 years. Borderline RHD is a more het-
erogeneous group, with 24% developing moderate or severe,
definite RHD and 12% normalising over the study period. The
results of our study are likely to approximate the natural history
of echocardiographic findings because the use of antibiotic
prophylaxis was very low across the cohort.

Our findings are strikingly similar to those of Zühlke et al,12

who reviewed 55 cases after a median of 60 months in South
Africa, using WHF criteria. Of 10 definite RHD cases, 2
improved to borderline RHD and 1 to normal. Of 34 border-
line RHD cases, 20% progressed to definite RHD and 59%
were classified as normal. Many of the normal cases were adults
classified using WHF definitions for individuals aged >20 years,
which do not include the borderline category, and therefore the
proportion with objective improvements in echocardiography
may have been lower. Other studies using the WHF criteria,
with shorter follow-up periods, have shown progression of bor-
derline RHD cases in 16%–42%.11 13 26 Earlier follow-up
studies used non-standardised criteria, and although not directly
comparable, reported similar findings.27–29

More than half of baseline echocardiograms were reclassified
as normal, reflecting the higher specificity of the WHF criteria
compared with earlier NIH-WHO criteria.14 Four cases with a
normal baseline echocardiogram were diagnosed with border-
line RHD at follow-up, but none developed definite RHD.
These cases had been flagged as abnormal using older criteria or
by other reporters, and are therefore not representative of all
screen-negative cases. Other studies have shown that 1%–2% of
cases with normal screening echocardiograms may develop def-
inite RHD.13 26 This likely reflects the cumulative risk of devel-
oping RHD in a high-prevalence setting, and demonstrates that

Table 2 Diagnosis on baseline and follow-up echocardiography

Diagnosis Details (subcategory) Baseline, n Follow-up, n

Definite RHD 20 (20.4%) 18 (18.4%)
A: Pathological MR with
morphological features of MV

11 9

B: Mitral stenosis 2 3
C: Pathological AR with
morphological features of AV

5 5

D: Borderline disease of AV and
MV

2 1

Borderline
RHD

17 (17.4%) 19 (19.4%)

A: Morphological features of MV 0 3
B: Pathological MR 13 15
C: Pathological AR 4 1

Normal with
NSVA*

21 (21.4%) 25 (25.5%)

Morphological feature of MV 8 4
Morphological feature of AV 0 1
MR ≥2 cm 11 20
AR ≥1 cm 6 6

Normal
without NSVA

34 (34.7%) 30 (30.6%)

Congenital† 6 (6.1%) 6 (6.1%)
Total 98 98

*NSVAs are not mutually exclusive.
†Details of congenital cases: bicuspid aortic valve (n=2), mitral valve prolapse (n=2),
subarterial ventricular septal defect with aortic valve prolapse (n=1), dilated coronary
sinus with persistent left superior vena cava (n=1).
AR, aortic regurgitation; AV, aortic valve; MR, mitral regurgitation; MV, mitral valve;
NSVAs, non-specific valvular abnormalities; RHD, rheumatic heart disease.

Table 3 Change in diagnosis from baseline to follow-up

Diagnosis at follow-up

Diagnosis at baseline Definite RHD Borderline RHD Normal with NSVA Normal without NSVA Congenital
Total
(baseline)

Definite RHD 14 (70.0) 4 (20.0) 1 (5.0) 1 (5.0) 0 20
Borderline RHD 4 (23.5) 11 (64.7) 1 (5.9) 1 (5.9) 0 17
Normal with NSVA 0 1 (4.8) 15 (71.4) 5 (23.8) 0 21
Normal without NSVA 0 3 (8.8) 8 (23.5) 23 (67.6) 0 34
Congenital 0 0 0 0 6 (100) 6
Total (follow-up) 18 19 25 30 6 98

RHD, rheumatic heart disease; NSVA, non-specific valvular abnormality.
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screening at a single age point in childhood will miss a propor-
tion of cases that develop RHD in adolescence and early adult-
hood. No child with NSVAs at baseline progressed to definite
RHD, supporting the WHF classification that these findings rep-
resent the upper limits of normal echocardiography and do not
require further treatment or follow-up.

Follow-up of >5 years was the only factor we found to be
associated with improvement in echocardiographic diagnosis.
This likely represents the cumulative resolution of milder forms
of disease in a proportion of patients each year, and is consistent
with the known course of clinical RHD.30 Other studies have
shown an association between persistence of RHD and patho-
logical MR at baseline12 and bedroom crowding.26

Interpretation of all follow-up studies to date is limited by small
sample sizes.

The notable difference of our results, compared with previous
publications, relates to the severity of disease. Our cohort
included many cases with moderate to severe disease at baseline,
including four patients requiring valve surgery and three who
died during the follow-up period (two due to severe RHD).
These patients would presumably have had clinical symptoms or
signs at the time of screening, but had not yet been diagnosed
due to broader access, health seeking and health system issues.
By contrast, <1% of a cohort in New Caledonia developed
cardiac complications.26 Further studies into the clinical out-
comes of screening-detected RHD, in a range of settings, are
required.

For screening-detected cases of definite RHD, our data
strongly support the recommendations of the WHF guidelines:
the initiation of secondary prophylaxis with ongoing promotion

Figure 1 Change in echocardiographic diagnosis at follow-up,
compared with baseline rheumatic heart disease (RHD). Progression of
definite RHD cases indicates increased disease severity or valve surgery.

Table 4 Reason for change in diagnosis in patients with definite RHD at baseline or follow-up

Baseline Follow-up

Reason for change in diagnosisDiagnosis Detailed findings Diagnosis Detailed findings

(A) Improvement
Definite RHD A Pathological MR—moderate

AMVL thickening
Excessive leaflet tip motion of MV

Borderline RHD B* Pathological MR—mild
AMVL thickening

Resolution of excessive tip motion

Definite RHD D Pathological MR—moderate
Pathological AR

Borderline RHD B Pathological MR—mild No AR

Definite RHD C Pathological AR—mild
AV thickening
Coaptation defect of AV

Normal with NSVA AR—not pathological (not high velocity
or pan-diastolic)

AR not pathological
Resolution of morphological features

Definite RHD A Pathological MR—mild
AMVL thickening
Restricted leaflet motion of MV

Borderline RHD A MR—not pathological (not pan-systolic)
AMVL thickening
Restricted leaflet motion of MV

MR not pathological

Definite RHD A Pathological MR—mild
Pathological AR
AMVL thickening
Restricted leaflet motion of MV

Normal None Resolution of all findings

Definite RHD A Pathological MR—mild
AMVL thickening
Restricted leaflet motion of MV

Borderline RHD A MR—not pathological (not pan-systolic)
AMVL thickening
Restricted leaflet motion of MV

MR not pathological

(B) Progression
Borderline RHD B Pathological MR—moderate

AMVL thickening
Definite RHD A Pathological MR—severe

AMVL thickening
Excessive leaflet tip motion of MV

Developed one additional
morphological feature

Borderline RHD C Pathological AR—severe Definite RHD C Pathological AR—severe
Coaptation defect of AV
Prolapse of AV

Developed two morphological
features

Borderline RHD B Pathological MR—mild Definite RHD A Pathological MR—moderate
Pathological AR
AMVL thickening
Restricted leaflet motion of MV

Developed two morphological
features
Also developed pathological AR

Borderline RHD B Pathological MR—mild Definite RHD A Pathological MR—moderate
Pathological AR
AMVL thickening
Restricted leaflet motion of MV

Developed two morphological
features
Also developed pathological AR

*Participant was 22 years age at follow-up and using WHF criteria for individuals aged >20 years would be classified as ‘normal’.
AMVL, anterior mitral valve leaflet; AR, aortic regurgitation; AV, aortic valve; MR, mitral regurgitation; MV, mitral valve; NSVA, non-specific valvular abnormality; RHD, rheumatic heart
disease; WHF, World Heart Federation.
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of adherence.7 Further, our data suggest that borderline RHD
is not a benign entity. Progression to definite RHD in approxi-
mately a quarter demonstrates that borderline cases need clin-
ical follow-up at a minimum. All four borderline RHD cases
that progressed to moderate–severe, definite RHD had patho-
logical regurgitation without the morphological features
required to fulfil a diagnostic of definite RHD at baseline. The
diagnosis for one participant changed from borderline to
severe, definite RHD due to the development of a single mor-
phological feature. Assessment of morphology remains subject-
ive, and agreement between experienced cardiologists on the
presence of these features is lower than that for regurgitation
or overall diagnosis.31 Clinicians should be made aware of this
potential limitation of using the WHF criteria to devise individ-
ual management plans.

We do not recommend prophylaxis for all borderline cases,
but propose that the severity of regurgitation should be used to
stratify risk and influence individual management decisions, and
expect that experienced clinicians would already consider this as

part of standard clinical practice. Our practice is to recommend
prophylaxis for patients with borderline RHD who have moder-
ate to severe regurgitation on echocardiography, or with any
clinical signs of RHD, as part of counselling families about the
prevention of rheumatic fever. Further discrimination of the
borderline group into those at true risk from the normal popu-
lation may not be possible without the development of a
non-echocardiographic diagnostic test for RHD. Although a
longitudinal, multicountry register has been initiated to further
assess the history of mild and borderline RHD diagnosed on
screening,32 further clarity on this issue may not be achieved for
several years. Therefore, programmes and clinicians will need to
balance the potential, yet unproven, benefits of prophylaxis
with the burden of overtreatment to individuals and the health
system. At a minimum, the development of health system struc-
tures for regular, active surveillance of subclinical cases is
needed. Implementation of effective recall and follow-up
systems is likely to be challenging in many resource-limited and
remote settings, and this should be a fundamental consideration

Table 5 Risk factors for disease persistence and progression in participants with definite or borderline RHD at baseline

Persisted or progressed,
N=29 (78.4%)

Improved,
N=8 (21.6%)

Risk difference,
% (95% CI) p Value

Demographic
Gender
Male 9 (75) 3 (25) 5.0 (−24.1 to 34.1) 0.52
Female 20 (80) 5 (20)

Ethnicity
iTaukei 26 (78.8) 7 (21.2) −3.8 (−48.5 to 40.9) 0.64
Fijian of Indian descent 3 (75.0) 1 (25.0)

Residence
Urban 15 (79.0) 4 (21.0) −1.1 (−27.7 to 25.3) 0.62
Rural 14 (77.8) 4 (22.2)

Age at screening (years)
<10 13 (76.5) 4 (23.5) 3.5 (−23.2 to 30.2) 0.55
≥10 16 (80.0) 4 (20.0)

Length of follow-up (years)
≥5 12 (63.3) 7 (36.8) 31.3 (7.2 to 55.4) 0.03
<5 17 (94.4) 1 (5.6)

Adherence to antibiotic prophylaxis (%)
≥50 24 (77.4) 7 (22.6) 5.9 (−27.3 to 39.2) 0.61
<50 5 (83.3) 1 (16.7)

Echocardiographic
Baseline diagnosis
Definite 14 (70.0) 6 (30.0) 18.2 (−7.0 to 43.5) 0.17
Borderline 15 (88.2) 2 (11.8)

Severity at baseline
Moderate/severe 10 (83.3) 2 (16.7) −7.3 (−34.2 to 19.6) 0.48
Borderline/mild 19 (76.0) 6 (24.0)

MR >2 cm
Yes 23 (79.3) 6 (20.7) −4.3 (−37.7 to 29.1) 0.57
No 6 (75.0) 2 (25.0)

Initial MR length
Mean, cm (SD) 2.61 (1.4) 2.45 (1.7) n/a 0.68

AR >1 cm
Yes 10 (66.7) 5 (33.3) 19.6 (−8.1 to 47.5) 0.15

No 19 (86.4) 3 (13.6)
Morphological changes
≥1 19 (76.0) 6 (24.0) 7.3 (−19.6 to 34.3) 0.48
None 10 (83.3) 2 (16.7)

AR, aortic regurgitation; MR, mitral regurgitation; RHD, rheumatic heart disease.
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for countries deciding whether or not to implement screening.
Finally, population-based screening should not be implemented
without an ongoing commitment to improve the delivery of sec-
ondary prophylaxis. The very low adherence found in this
cohort reflects the multifaceted improvements required in Fiji,
which are currently being addressed.33

The main limitation of this study was the available sample
size, which limited the power to evaluate associations with
disease progression. We were also unable to follow-up cases
with negative screening echocardiography. Although modifica-
tions to the WHF criteria were used, this did not appear to
affect the study findings. A single participant with borderline
disease would have been classified as normal using the WHF
definitions for individuals aged >20 years (table 4), and still
classified as improved (from definite RHD at baseline).
Agreement between the reporting cardiologist was moderate,
similar to reported in other studies.9 13 Since the diagnosis of
the same reporter on both echocardiograms was used for ana-
lysis, the use of a single reporter is unlikely to have affected the
results.

CONCLUSIONS
The echocardiographic outcomes for young people with
screening-detected, definite RHD are variable. While the major-
ity remain stable, some develop severe clinical complications
and others improve without treatment. Borderline RHD is not a
benign entity, and although factors associated with progression
remain unclear, risk stratification may be used to guide individ-
ual treatment plans. Until results of large registries or clinical
trials become available, a cautious approach to management and
prophylaxis is required, with an emphasis on developing strong
systems for follow-up of individuals with abnormal screening.
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