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Abstract | Over the past 5 years, the advent of echocardiographic screening for rheumatic heart disease
(RHD) has revealed a higher RHD burden than previously thought. In light of this global experience, the
development of new international echocardiographic guidelines that address the full spectrum of the
rheumatic disease process is opportune. Systematic differences in the reporting of and diagnostic approach
to RHD exist, reflecting differences in local experience and disease patterns. The World Heart Federation
echocardiographic criteria for RHD have, therefore, been developed and are formulated on the basis of the
best available evidence. Three categories are defined on the basis of assessment by 2D, continuous-wave,
and color-Doppler echocardiography: ‘definite RHD’, ‘borderline RHD’, and ‘normal’. Four subcategories of
‘definite RHD’ and three subcategories of ‘borderline RHD’ exist, to reflect the various disease patterns.
The morphological features of RHD and the criteria for pathological mitral and aortic regurgitation are also
defined. The criteria are modified for those aged over 20 years on the basis of the available evidence. The
standardized criteria aim to permit rapid and consistent identification of individuals with RHD without a clear
history of acute rheumatic fever and hence allow enrollment into secondary prophylaxis programs. However,
important unanswered questions remain about the importance of subclinical disease (borderline or definite
RHD on echocardiography without a clinical pathological murmur), and about the practicalities of implementing
screening programs. These standardized criteria will help enable new studies to be designed to evaluate the
role of echocardiographic screening in RHD control.
Reményi, B. et al. Nat. Rev. Cardiol. 9, 297–309 (2012); published online 28 February 2012; doi:10.1038/nrcardio.2012.7

Introduction
Rheumatic heart disease (RHD), the only long-term
consequence of acute rheumatic fever (ARF), continues
unabated among middle-income and low-income countries and in some indigenous communities of the industrialized world. At least 15 million people are estimated
to be affected by RHD worldwide.1 The American Heart
Association (AHA) has well-established clinical diagnostic criteria for ARF—the Jones criteria2—and, with
some modifications and revisions, these guidelines have
been accepted and utilized worldwide.3–5 No such widely
accepted criteria exist for RHD.
The only cost-effective approach to controlling RHD is
secondary prophylaxis in the form of penicillin injections
every 3–4 weeks to prevent recurrent attacks of group A
streptococcal infection that cause ARF and, thus, the worsening of RHD.6 However, the majority of patients who
enroll into register-based programs are symptomatic with
advanced disease, indicating that they have had a number
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of silent or undetected attacks of ARF. Patients with mild,
asymptomatic RHD have the most to gain from secondary prophylaxis because, in the absence of ARF recurrence, the majority will have no detectable disease within
5–10 years.7–9 Screening to detect asymptomatic cases is,
therefore, an attractive strategy.
Traditionally, RHD was diagnosed by auscultating for
a heart murmur in those with a history of ARF. Until the
past decade, the stethoscope was the only noninvasive
diagnostic tool available to physicians in low-income
countries and in remote settings where ARF and RHD
are most prevalent. However, detection rates were usually
low.10–15 Echocardiography has proven to be more sensitive
and specific than auscultation.16–22 RHD detected on echocardiography without an associated clinically pathological
cardiac murmur is referred to as ‘subclinical RHD’.16 With
the advent of portable technology, echocardiography can
now be performed at a relatively low cost, even in remote
settings.20 This development raises the possibility that
people with previously undiagnosed RHD, including
those without a known history of ARF, can be diagnosed

NATURE REVIEWS | CARDIOLOGY

Green Lane Pediatric
and Congenital Cardiac
Service, Starship
Children’s Hospital,
Auckland, New Zealand
(B. Reményi, N. Wilson,
J. Stirling). Royal
Children’s Hospital,
Australia (A. Steer).
Maputo Heart Institute,
Mozambique
(B. Ferreira). Fiji
Ministry of Health, Fiji
Islands (J. Kado).
Amrita Institute of
Medical Sciences, India
(K. Kumar).
Stellenbosch University,
South Africa
(J. Lawrenson). James
Cook University,
Australia (G. Maguire).
Hôpital Européen
Georges Pompidou,
France (E. Marijon,
M. Mirabel). University
Eduardo Mondlane,
Mozambique
(A. O. Mocumbi).
Federal University of
Minas Gerais, Brazil
(C. Mota). WakeMed
Hospital, USA (J. Paar).
All India Institute of
Medical Sciences, India
(A. Saxena). Johns
Hopkins Hospital, USA
(J. Scheel). Medical
Specialist Clinic,
Samoa (S. Viali).
Sri Jayadeva Institute
of Cardiovascular
Sciences and
Research, India
(V. I. Balekundri).
Women’s and Children’s
Hospital, Australia
(G. Wheaton).
University of Cape
Town, South Africa
(L. Zühlke). Menzies
School of Health
Research, Australia
(J. Carapetis).
Correspondence to:
B. Reményi
bo.remenyi@
menzies.edu.au

VOLUME 9 | MAY 2012 | 297
© 2012 Macmillan Publishers Limited. All rights reserved

REVIEWS
and secondary prophylaxis started at an earlier stage of the
illness than previously possible, thus potentially reducing
morbidity and mortality.
Since 2004, the World Health Organization (WHO)
has recommended echocardiographic screening for
RHD in high-prevalence regions.23 In 2005, a joint WHO
and National Institutes of Health (NIH) working party
established consensus case definitions for RHD, which
were published 5 years later, in 2010.24 The definitions
were based on expert consensus, but have their limitations because they were not evidence-based, the full
spectrum of morphological features of RHD were not
considered, and in 2005 there was insufficient experience
with normal echocardiographic findings in children.16
Since 2005, a number of countries—including Australia,
Cambodia, Fiji, India, Laos, Mali, Mozambique, New
Caledonia, New Zealand, Nicaragua, Pakistan, Samoa,
South Africa, Tonga, and Yemen—have embarked on
large-scale echocardiography-based RHD screening
programs.16–19,21,22 Some of these screening programs
used the 2005 WHO and NIH consensus definitions,
but others used different criteria to define abnormality of both cardiac valve structure (morphology) and
function (regurgitation or stenosis), often on the basis
of local experience with RHD. This global experience,
and the concern that echocardiography might be overly
sensitive in some children with normal variation in
valvular structure and function, has given impetus to
develop an internationally endorsed evidence-based
echocardiographic diagnostic guideline for RHD. In
this article, we present the 2012 World Heart Federation
(WHF) criteria for echocardiographic diagnosis of
RHD. For ease of use in the clinical environment, a
concise summary of these guidelines—containing the
four key Boxes in this article—is available online as
Supplementary Information.

Intent of these guidelines
Our primary aim in developing these guidelines was to
define the minimum echocardiographic criteria for the
diagnosis of RHD and to highlight the evidence on which
these criteria are based. Use of these guidelines should
enable rapid identification of RHD in patients who do not
have a history of ARF. Importantly, the guidelines should
allow for consistent and reproducible echocardiographic
reporting of RHD worldwide and, therefore, facilitate
epidemiologic studies and evaluation of interventions,
such as group A streptococcal vaccine trials, aimed at
reducing the worldwide burden of RHD. The guidelines
are also intended to aid the long-term evaluation of minor
echocardiographic lesions that do not meet the current
echocardiographic criteria for definite RHD.
These guidelines are not intended for the diagnosis of
carditis in the setting of ARF or for the diagnosis of RHD in
patients with a history of ARF. In addition, this document
does not contain recommendations on the management
of ARF or RHD; for information on treatment, the reader
is directed to local guidelines, or to the websites of the
AHA,2 WHO,3 Heart Foundation of Australia,4 and Heart
Foundation of New Zealand.5
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Development of these guidelines
An international advisory group of experts in RHD
screening and echocardiographic manifestations of RHD
was formed in 2009 (see the author list for this article).
Under the auspices of the WHF, this group of 21 investi
gators from six continents developed evidence-based
echocardiographic diagnostic guidelines for RHD. Expert
panel members reported on echocardiograms online and
systematic differences in reporting and diagnostic styles
were identified. Via a series of web-based seminars, these
differences were resolved and provisional echocardiographic criteria for RHD were agreed. A systematic literature review was performed using the Medline, Embase,
and Cochrane databases to identify diagnostic features of
established RHD by echocardiography, at cardiac surgery,
and on postmortem examinations. The search terms “echocardiography”, “surgery”, “pathology”, “mitral”, “aortic”,
“tricuspid”, “valve”, “normal”, “regurgitation”, “stenosis”,
“prolapse”, “RHD” and “rheumatic” were optimally combined. The search was limited to papers published in the
English language and was supplemented by careful review
of the reference list of the relevant articles. A total of 3,218
abstracts and 170 full-text articles were reviewed; 108 were
found to be directly relevant and are included in the reference list. All relevant articles were reviewed by at least two
members of the panel. Evidence-based guidelines were
finalized at a workshop in Thailand in 2011, where the
expert panel members reviewed the 108 papers identified as directly relating to RHD and echocardiography.
Results of completed, but not yet published, studies (by
investigators who were part of the expert panel) were also
critically reviewed. Whenever evidence for or against the
provisional criteria was insufficient, a formal consensus
method24 was used to reach agreement.

Grading evidence
The level of evidence was established and each recom
mendation was graded using the guidelines of the
Scottish Intercollegiate Guidelines Network25 (Tables 1
and 2), as they seemed to be the most applicable to this
diagnostic setting.

Diagnostic criteria
Echocardiographic findings should always be interpreted in conjunction with the patient’s clinical findings
and with consideration of the individual’s pretest probability of RHD, which varies with geographical location
(level 1+ evidence),1 ethnicity (level 2+ evidence),26,27 and
living conditions (level 2+ evidence) (grade B recommendation).28,29 An individual’s clinical history, including
possible or probable ARF, should also be considered. In
those with a history of definite ARF, any structural and
functional abnormality of the valves must be considered
to represent RHD until proven otherwise.
The concise echocardiographic criteria for ‘definite
RHD’ and ‘borderline RHD’ are detailed in Boxes 1–3.
The optimal settings for the echocardiography machine,
which allow objective measurement, are summarized
in Box 4. The echocardiographic features listed in
Boxes 1–3 are not unique to RHD. Congenital, acquired,
www.nature.com/nrcardio
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and degenerative heart disease should always be excluded
as the etiology of mitral valve (MV) and aortic valve
(AV) abnormalities before presuming rheumatic origin
(grade D recommendation). Congenital cardiac defects
are easily differentiated from RHD, as they have unique
identifying features (for example, bicuspid AV or MV
cleft). Degenerative conditions are rare in the young, and
other acquired conditions (for example, infective endocarditis) can be differentiated from RHD on the basis of
clinical findings (level 4 evidence).
RHD predominantly affects the left-sided cardiac valves,
causing regurgitation, stenosis, or mixed hemodynamic
effects. The tricuspid valve and (seldomly) the pulmonary
valve can also be affected, but rarely (if ever) without MV
involvement (99.3% on echocardiography and 100% on
postmortem examination have coexisting disease of the
MV;30 level 1+ evidence). Similarly, AV stenosis is rare in
isolation (0–0.5%;31–33 level 2+ evidence). Hence, neither
right-sided valve lesions nor aortic stenosis are included in
the diagnostic criteria (grade B recommendation).

Rationale and evidence for criteria
Definite RHD
Echocardiographic changes that meet the criteria for
‘definite RHD’ are considered to be rheumatic in origin,
provided that other etiologies have been excluded by echocardiography and clinical context. In interpreting echocardiograms, the individual’s pretest probability of RHD
must be considered. The subcategories of ‘definite RHD’
(A–D) are listed below.
Subcategory A—RHD of the MV with regurgitation
Subcategory A of ‘definite RHD’ is defined as pathological mitral regurgitation and at least two morphological
features of RHD of the MV. This subcategory has a
grade B recommendation for its inclusion in the ‘definite
RHD’ category.
MV disease in the form of regurgitation is the mostcommon manifestation of RHD in the young (level 2++
evidence). 31–36 Echocardiographic, 35–40 surgical, 41–43
and postmortem anatomical44–46 studies have demonstrated that a combination of the morphological features
(Box 3) is present in advanced disease (level 2+ evidence).
Colloquial descriptions of the MVs—such as ‘dog-leg’,
‘elbow’, or ‘hockey stick’ deformities 47—also portray a
combination of morphological changes (thickening and
restricted motion of the anterior MV leaflet; Figures 1
and 2).
Subcategory B—RHD of the MV with stenosis
Subcategory B of ‘definite RHD’ is defined as mitral
stenosis with a mean gradient ≥4 mmHg and at least two
morphological changes of RHD of the MV. This sub
category has a grade B recommendation for its inclusion
in the ‘definite RHD’ category.
Worldwide, the most-common cause of MV stenosis is
RHD,48–51 and the condition is associated with at least two
morphological changes of RHD (level 2+ evidence).51,52
Typically, leaflets are thickened and the posterior leaflet
is relatively immobile and moves parallel during diastole

Table 1 | Levels of evidence, as defined in the guidelines of the SIGN25
Level of
evidence

Study description

1++

High quality meta-analyses, systematic reviews of RCTs, or RCTs with
a very low risk of bias

1+

Well-conducted meta-analyses, systematic reviews, or RCTs with a low risk
of bias

1–

Meta-analyses, systematic reviews, or RCTs with a high risk of bias

2++

High-quality systematic reviews of case–control or cohort studies,
or high-quality case–control or cohort studies with a very low risk of
confounding or bias, and a high probability that the relationship is causal

2+

Well-conducted case–control or cohort studies with a low risk of confounding
or bias, and a moderate probability that the relationship is causal

2–

Case–control or cohort studies with a high risk of confounding or bias,
and a significant risk that the relationship is not causal

3

Nonanalytic studies (for example, case reports or case series)

4

Expert opinion

Abbreviations: RCT, randomized, controlled trial; SIGN, Scottish Intercollegiate Guidelines Network.
Permission obtained from SIGN © 2001–2011.

Table 2 | Grade of recommendation, as defined in the guidelines of the SIGN25
Grade*

Strength of evidence

A

At least one meta-analysis, systematic review, or RCT rated as 1++
(see Table 1 for information about various levels of evidence) and directly
applicable to the target population; or a body of evidence consisting
primarily of studies rated as 1+, directly applicable to the target population,
and demonstrating overall consistency of results

B

A body of evidence including studies rated as 2++, directly applicable
to the target population, and demonstrating overall consistency of results;
or extrapolated evidence from studies rated as 1++ or 1+

C

A body of evidence including studies rated as 2+, directly applicable
to the target population and demonstrating overall consistency of results;
or extrapolated evidence from studies rated as 2++

D

Evidence level 3 or 4; or extrapolated evidence from studies rated as 2+

*The grade of recommendation relates to the strength of the evidence on which the recommendation is
based; it does not reflect the clinical importance of the recommendation. Abbreviations: RCT, randomized,
controlled trial; SIGN, Scottish Intercollegiate Guidelines Network. Permission obtained from SIGN ©
2001–2011.

with the anterior MV leaflet. The second-most-common
etiology of mitral stenosis is congenital MV stenosis,48,50 which is readily differentiated from RHD as it is
frequently associated with abnormal papillary muscle
arrangements and (in 84–97% cases) with other congenital cardiac defects (level 2++ evidence).53–56 Worldwide,
RHD is still responsible for 95–99.3% of all MV stenoses
in individuals aged <50 years (level 2++ evidence).48,49 In
those aged >50 years, nonrheumatic mitral annular calcification is a differential diagnosis of mitral stenosis that
should be considered (level 2+ evidence).49,57
Subcategory C—RHD of the AV
Subcategory C of ‘definite RHD’ is defined as pathological
aortic regurgitation and at least two morphological features
of RHD of the AV. This subcategory only applies to indivi
duals aged <35 years and has a grade B recommendation
for its inclusion in the ‘definite RHD’ category.
Although less common than isolated MV involvement,
isolated disease of the AV is a recognized manifestation
of RHD. A large study of 10,000 consecutive patients
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Box 1 | 2012 WHF criteria for echocardiographic diagnosis of RHD
Echocardiographic criteria for individuals aged ≤20 years
Definite RHD (either A, B, C, or D):
■■ A) Pathological MR and at least two morphological features of RHD of the MV
■■ B) MS mean gradient ≥4 mmHg*
■■ C) Pathological AR and at least two morphological features of RHD of the AV‡
■■ D) Borderline disease of both the AV and MV§
Borderline RHD (either A, B, or C):
■■ A) At least two morphological features of RHD of the MV without pathological
MR or MS
■■ B) Pathological MR
■■ C) Pathological AR
Normal echocardiographic findings (all of A, B, C, and D):
■■ A) MR that does not meet all four Doppler echocardiographic criteria
(physiological MR)
■■ B) AR that does not meet all four Doppler echocardiographic criteria
(physiological AR)
■■ C) An isolated morphological feature of RHD of the MV (for example, valvular
thickening) without any associated pathological stenosis or regurgitation
■■ D) Morphological feature of RHD of the AV (for example, valvular thickening)
without any associated pathological stenosis or regurgitation

Echocardiographic criteria for individuals aged >20 years
Definite RHD (either A, B, C, or D):
■■ A) Pathological MR and at least two morphological features of RHD of the MV
■■ B) MS mean gradient ≥4 mmHg*
■■ C) Pathological AR and at least two morphological features of RHD of the AV,
only in individuals aged <35 years‡
■■ D) Pathological AR and at least two morphological features of RHD of the MV
*Congenital MV anomalies must be excluded. Furthermore, inflow obstruction due to
nonrheumatic mitral annular calcification must be excluded in adults. ‡Bicuspid AV, dilated
aortic root, and hypertension must be excluded. §Combined AR and MR in high prevalence
regions and in the absence of congenital heart disease is regarded as rheumatic.
Abbreviations: AR, aortic regurgitation; AV, aortic valve; MR, mitral regurgitation; MS, mitral
stenosis; MV, mitral valve; RHD, rheumatic heart disease; WHF, World Heart Federation.

Box 2 | Criteria for pathological regurgitation
Pathological mitral regurgitation
(All four Doppler echocardiographic criteria must be met)
■■ Seen in two views
■■ In at least one view, jet length ≥2 cm*
■■ Velocity ≥3 m/s for one complete envelope
■■ Pan-systolic jet in at least one envelope
Pathological aortic regurgitation
(All four Doppler echocardiographic criteria must be met)
■■ Seen in two views
■■ In at least one view, jet length ≥1 cm*
■■ Velocity ≥3 m/s in early diastole
■■ Pan-diastolic jet in at least one envelope
*A regurgitant jet length should be measured from the vena
contracta to the last pixel of regurgitant color (blue or red).

with RHD showed that isolated rheumatic AV disease
occurs in 4.5% of individuals aged ≤18 years and in 2.8%
of individuals aged >18 years (level 2+ evidence).58 In
smaller series, the prevalence has been reported to be
0–21.4%.31–33,36,59–68 In AV disease, the presence of multiple morphological features (Box 3) enables confirmation
of rheumatic etiology on gross inspection (level 2+ evidence).69 For consistency with the criteria for MV disease,
and to increase specificity, the definite criteria for RHD of
the AV require the presence of two rheumatic morpho
logical features of the AV in addition to pathological
aortic regurgitation. The two most-common differential
300 | MAY 2012 | VOLUME 9



diagnoses are bicuspid AV and aortic root dilatation, 69
and both are easily differentiated on echocardiography.
Other causes, such as endocarditis and other inflammatory carditis (systemic lupus erythematosus and ankylos
ing spondylitis), can be excluded by clinical context.
Hypertension should also be excluded as an underlying
etiology (level 4 evidence), although studies have shown
conflicting associations between hypertension and trivial
or greater aortic regurgitation.70–73 Both aortic regurgitation72–74 and valvular thickening 70,75 are more common
with advancing age (level 2++ evidence). However, on the
basis of the CARDIA study 71—a population-based echocardiographic study of individuals aged 20–35 years—
we can extrapolate that the criterion for RHD of the
AV remains highly specific for individuals aged up to
35 years. Of the 4,352 participants of the CARDIA study,71
only one had aortic regurgitation and a thickened AV, and
none would have met the diagnostic criteria for definite
RHD of the AV (level 2+ evidence).
Subcategory D—multivalvular RHD
Subcategory D of ‘definite RHD’ is ‘borderline’ disease of
both the AV and MV, as defined below. In individuals aged
≤20 years, this subcategory has a grade C recommendation
for its inclusion in the ‘definite RHD’ category.
Worldwide, RHD remains the most-common etiology of
combined AV and MV disease (level 2++ evidence).49,76,77
The morphological features that confirm rheumatic
etiology take time to develop (level 2+ evidence). 35,40
Pathological aortic and mitral regurgitation, or pathological aortic regurgitation in combination with morpho
logical changes of RHD, are extremely rare in children
with normal cardiac anatomy; data indicate a prevalence of
0% in New Zealand78 and in Israel,79 and similar data have
been found in the Australian gECHO study (J. Carapetis,
unpublished data) (level 2++ evidence). As a consequence, in individuals aged ≤20 years who have a high
pretest probability of RHD, pathological aortic and mitral
regurgitation and pathological aortic regurgitation in
combination with two rheumatic morphological changes
of the MV, are considered to be rheumatic provided that
no alternative explanation for these signs exist. The latter
is also considered to be diagnostic for ‘definite RHD’
in individuals aged ≥20 years on the basis of consensus
opinion (level 4 evidence; see Box 1 for clarification).

Borderline RHD
The category of ‘borderline RHD’ only applies to indivi
duals aged ≤20 years; this age group is the least likely to
have manifested sufficient echocardiographic features to
meet the ‘definite RHD’ criteria because they can take time
to develop (level 2+ evidence).35,40 The ‘borderline RHD’
category was established to improve the sensitivity of the
echocardiographic criteria (at the expense of specificity)
in individuals aged ≤20 years, as this age group benefits
the most from early detection and secondary prevention
of RHD. Beyond the age of 20 years, mild valvular regurgi
tation is more common,71,72,74 and use of the ‘borderline
RHD’ category is not, therefore, recommended for this
age group (level 2+ evidence). Minor echocardiographic
www.nature.com/nrcardio
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changes that meet the criteria for ‘borderline RHD’ represent early RHD in some individuals,35 and normal
findings in others.78 Thus, when interpreting these echocardiographic findings, the individual’s pretest probability
(or risk) of RHD must be considered. The subcategories
of ‘borderline RHD’ (A–C) are listed below.
Subcategory A—morphological features of the MV
Subcategory A of ‘borderline RHD’ is defined as at least
two morphological features of RHD of the MV without
pathological mitral regurgitation or mitral stenosis.
This subcategory has a grade C recommendation for its
inclusion in the ‘borderline RHD’ category.
Morphological features of RHD of the MV are likely
to be rheumatic in origin, regardless of whether they
are associated with hemodynamic effects, pathological
regurgitation, or stenosis (level 4 evidence). Among 396
low-risk children in New Zealand, none had two morphological features of RHD of the MV (level 2+ evidence).78
Among 2,170 high-risk children in Mozambique, 50
(2.3%) were identified as having two morphological
features of RHD of the MV without meeting the criteria
for pathological regurgitation or stenosis (level 2+ evidence).16 These studies support the hypothesis that the
category ‘borderline A’ is part of the RHD spectrum.

Box 3 | Morphological features of RHD
Features in the MV
■■ AMVL thickening* ≥3 mm (age-specific)‡
■■ Chordal thickening
■■ Restricted leaflet motion§
■■ Excessive leaflet tip motion during systole||
Features in the AV
■■ Irregular or focal thickening¶
■■ Coaptation defect
■■ Restricted leaflet motion
■■ Prolapse
Important considerations
*AMVL thickness should be measured during diastole at full excursion.
Measurement should be taken at the thickest portion of the leaflet, including focal
thickening, beading, and nodularity. Measurement should be performed on a frame
with maximal separation of chordae from the leaflet tissue. Valve thickness can only
be assessed if the images were acquired at optimal gain settings without harmonics
and with a frequency ≥2.0 MHz.
Abnormal thickening of the AMVL is age-specific and defined as follows: ≥3 mm
for individuals aged ≤20 years; ≥4 mm for individuals aged 21–40 years; ≥5 mm
for individuals aged >40 years. Valve thickness measurements obtained using
harmonic imaging should be cautiously interpreted and a thickness up to 4 mm
should be considered normal in those aged ≤20 years.
‡

Restricted leaflet motion of either the anterior or the posterior MV leaflet is usually
the result of chordal shortening or fusion, commissural fusion, or leaflet thickening.
§

Excessive leaflet tip motion is the result of elongation of the primary chords, and
is defined as displacement of the tip or edge of an involved leaflet towards the
left atrium resulting in abnormal coaptation and regurgitation. Excessive leaflet tip
motion does not need to meet the standard echocardiographic definition of MV
prolapse disease, as that refers to a different disease process. This feature applies
to only those aged <35 years. In the presence of a flail MV leaflet in the young
(≤20 years), this single morphological feature is sufficient to meet the morphological
criteria for RHD (that is, where the criteria state “at least two morphological features
of RHD of the MV” a flail leaflet in a person aged ≤20 years is sufficient).
||

Subcategory B—MV regurgitation
Subcategory B of ‘borderline RHD’ is defined as patho
logical mitral regurgitation. This subcategory has a
grade B recommendation for its inclusion in the ‘borderline
RHD’ category.
Isolated pathological mitral regurgitation is four times
as likely to occur in high-risk, compared with low-risk,
children in New Zealand, supporting the hypothesis that
it is part of the RHD spectrum (level 2++ evidence).78
Morphological features of RHD can take time to develop
and are more likely to be noted after a recurrence than
during the primary ARF episode (level 2+ evidence).35,40
Extrapolating evidence from surgical studies, approximately 5–7.5% of individuals with documented ARF and
severe valvular disease might not meet the ‘definite RHD’
echocardiographic criteria. Despite severe valvular insufficiency of a single valve, two morphological features might
not be present in individuals with acute carditis (level 2+
evidence).42,80 An echocardiographic study conducted in
Brazil has also highlighted the low sensitivity of the ‘definite RHD’ criteria in young people receiving secondary
prophylaxis. In this cohort of 27 patients with established
chronic isolated disease of the MV, only 70.4% met the
‘definite RHD’ criteria; the remaining 29.6% only had one
morphological feature of RHD (C. Mota, unpublished data;
level 2++ evidence). These studies highlight the importance of the ‘borderline RHD’ category to improve the
sensitivity of the echocardiographic criteria in the young.

Pathological aortic regurgitation (Box 2) in the absence
of a well-defined valvular lesion (bicuspid valves or dilated
aortic root) is extremely rare in children who are at low
risk of ARF, RHD, or both.78,79 Among 1,360 children in
Israel79 and 396 children in New Zealand78 with structurally normal hearts and low risk for RHD, none had pathological aortic regurgitation (Level 2++ evidence). Among
1,142 high-risk children in New Zealand, the prevalence of
isolated pathological aortic regurgitation was 0.4%.19 This
increased prevalence of pathological aortic regurgitation
in high-risk school-aged children is, therefore, likely to
represent early RHD. Without associated morphological
features, the etiology cannot be confirmed; therefore, isolated pathological aortic regurgitation is categorized as
‘borderline RHD’ in people aged ≤20 years.

Subcategory C—AV regurgitation
Subcategory C of ‘borderline RHD’ is defined as patho
logical aortic regurgitation. This subcategory has a grade B
recommendation for its inclusion in the ‘borderline
RHD’ category.

Criteria for pathological mitral regurgitation
Wide experience differentiates physiological from patho
logical regurgitation.15,68,78,81–87 For a regurgitant jet to be
considered pathological, all four criteria must be met
(Box 2). The regurgitant MV jet must be pan-systolic,

In the parasternal short axis view, the right and noncoronary aortic cusp closure
line often appears echogenic (thickened) in healthy individuals and this should be
considered as normal.
¶

Abbreviations: AMVL, anterior mitral valve leaflet; AV, aortic valve; MV, mitral valve;
RHD, rheumatic heart disease.
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Box 4 | Echocardiography machine settings
■■ Nyquist limits for color-Doppler echocardiography should be set on maximum to
avoid overestimation of jet length
■■ Images for assessment of valvular and chordal thickness should be acquired
with harmonics turned off and probes with variable frequency set on ≥2.0 MHz;
low frequency settings and harmonics exaggerate valve and chordal thickness
■■ Gain settings should be adjusted to achieve optimal resolution; images
acquired with an excessive gain setting will not be suitable for objective valve
thickness measurements
■■ All other settings (including depth, sector size, and focus) should also be
optimized to achieve maximal frame rate (ideally 30–60 frames per second)
and resolution

high-velocity (≥3 m/s), visible from two views, and ≥2 cm
in length from at least one view. The 2 cm (rather than
the previously used 1 cm) jet length increases specificity 15 and decreases sensitivity, and will reduce over
diagnosis of pathological mitral regurgitation. This 2 cm
cut-off value is supported by data from healthy children
in popul ations with a low prevalence of RHD.78 The
requirements on Doppler echocardiography (high velo
city and pan-systolic) ensure that closing volumes and
trivial, but genuine, regurgitant jets81–83 are differentiated
from clinically relevant valve regurgitation. All substantial regurgitant jets should produce a high velocity signal
with a complete envelope on continuous-wave Doppler
echocardiography. Data from New Zealand shows that,
after the exclusion of individuals with congenital defects,
<0.5% of children who were at low risk for ARF, RHD,
or both had pathological MV regurgitation according
to the current criteria.78 The preliminary findings of the
Australian gECHO study also support the low prevalence of pathological mitral regurgitation among healthy
low-risk children (J. Carapetis, unpublished data).
By contrast, trivial MV regurgitation that does not meet
all four criteria (in Box 2) is very common, ranging from
3% to 45%,81–83 and should be considered to be physio
logical (level 2++ evidence) (grade B recommendation).

Criteria for pathological aortic regurgitation
Trivial aortic regurgitation that does not meet pathological criteria (Box 2) occurs in up to 2% of children
(level 2++ evidence),78,81–83 and becomes more frequent
with advancing age (level 2++ evidence).71,72,74,82,84,85 For
aortic regurgitation to be considered pathological, it must
meet all four criteria (Box 2). The regurgitant jet must
be pan-diastolic, high velocity (≥3 m/s), visible from two
views, and ≥1 cm in length from at least one view. Such
pathological aortic regurgitation is extremely rare in children with structurally normal hearts, with two studies
reporting 0% prevalence78,79 and similar data being found
in provisional analysis of the gECHO study (J. Carapetis,
unpublished data) (level 2++ evidence).
Trivial aortic regurgitation that does not meet all four
criteria for pathological aortic regurgitation should be
considered physiological (grade B recommendation).
Morphological features of RHD of the MV
The morphological features of RHD of the MV have
been examined in detail in echocardiographic, surgical,
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and postmortem studies. The majority of these studies
involved individuals described as having severe or
advanced disease; however, standard definitions were
absent and inconsistencies were noted in the terminology
used. Morphological changes vary with the acuity of the
disease40 and with age,34 as regurgitant lesions dominate
in the young and mixed or stenotic lesions dominate with
advancing age.34 The morphological criteria of the MV (in
Box 2) is based on Carpentier’s functional classification of
valve disease,88 and are descriptive to avoid colloquialisms
(such as ‘dog-leg’ and ‘hockey-stick’ deformity).
Thickening of the MV leaflet
Valvular thickening has been demonstrated to be a
feature of RHD on echocardiography,35–40,52,86,87,89–95 at
surgery,41,43,96 and on postmortem examinations (level 2++
evidence).45,97,98 Valvular thickening is often most marked
at leaflet tips,45,92 where the chords thicken and can become
incorporated into the leaflet tissue (level 3 evidence).45
Thickening is present in 56–100% of patients with rheum
atic carditis (level 2+ evidence),38–40,43,87,89,92,95,99 and can also
be associated with nodularity (or beading),35,38,39 which is
often most pronounced during an episode of ARF and can
later regress (level 2+ evidence).35,39
Normal valve thickness was shown to be age-related
by Sahasakul et al. in a well-designed postmortem study
(level 2++ evidence),75 and correlation between surgical
and echocardiographic measurements seems to be good if
harmonic imaging is not used, as this modality increases
apparent tissue thickness (level 2+ evidence).39,100–103
On the basis of data from a study of 280 healthy children
in New Zealand,104 the normal echocardiographic thickness of the anterior MV leaflet (AMVL) in school-aged
children is 1.12–2.92 mm (mean ± SD of 2.02 ± 2 mm)
(level 2++ evidence). Two smaller pediatric studies also
support the concept that normal valve thickness is <3 mm
(level 2+ evidence).38–86
Webb et al. demonstrated that measuring the AMVL
thickness during diastole in the parasternal long-axis
view, was associated with a good level of interobserver
agreement.104 To establish the normal range, they measured the thickest part of the leaflet on a frame with
maximal separation from chordal tissue. The investigators noted that the measurements of the posterior MV
leaflet were associated with a lower level of agreement.104
Studies of older age groups show increased mean
AMVL thickness. Weissman et al. reported on 100
healthy individuals with a mean age of 41 years and found
the mean AMVL thickness to be 2.38 mm (± 0.57 mm).105
The Framingham echocardiographic study 106 assessed a
total of 217 individuals (mean age 57 years), whose mean
AMVL thickness was 3.2 mm (range and standard deviations were not stated). This observed increase of echocardiographic valve thickness relating to age is consistent
with Sahasakul’s postmortem anatomical study.75 The
age-related recommendations in these guidelines were
derived from the above-mentioned studies.38,75,86,104–106
Anterior MV thickness should only be objectively
assessed if images were acquired without harmonic
imaging and the gain settings were optimal for image
www.nature.com/nrcardio
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Figure 1 | Schematic images of the MV in systole. a | A normal MV. b | RHD with excessive leaflet tip motion, which results
in abnormal coaptation and regurgitation, but usually does not meet the echocardiographic definition of ‘MV prolapse’.
c | Echocardiographic MV prolapse, defined by >2 mm billowing of the leaflet tissue into the left atrium. In
echocardiographic MV prolapse (c), coaptation of leaflets often remains normal, as the free edges of the leaflet stay in
apposition below the plane of the MV annulus. Abbreviation: AMVL, anterior MV leaflet; MV, mitral valve; PMVL, posterior
MV leaflet; RHD, rheumatic heart disease.

resolution (grade B recommendation). Cut-off values for
abnormally thickened valves are ≥3 mm for individuals
aged 0–19 years, ≥4 mm for individuals aged 20–39 years,
and ≥5 mm for individuals aged ≥40 years (grade B
recomm endation). Valve thickness measurements
obtained using harmonic imaging should be cautiously
interpreted and we recommended that a thickness up to
4 mm be considered normal in individuals aged ≤20 years
(grade D recommendation). Objective assessment of
thickness of the posterior MV leaflet is less reproducible
and, at this stage, is not included in the echocardiographic
criteria (grade D recommendation).
Chordal thickening
Chordal thickening is a feature of RHD on echocardiographic,35–40,52,86,87,89–95 surgical,41,43 and postmortem45,62,97,99
examinations (level 2+ evidence). Unlike valvular thickness, no standardized objective way of assessing chordal
thickness on echocardiography exists, and its assessment
remains subjective.89 Chordal thickening can be identified in 100% of those with severe mitral stenosis requiring
balloon valvotomy,89 35–44% of those who require surgery
for predominant mitral regurgitation,43 and in 37% of
outpatients with RHD (C. Mota, unpublished data).
Chordal thickening must be subjectively assessed
without utilizing harmonic imaging and at optimal gain
settings (grade D recommendation).
Excessive leaflet tip motion
Excessive leaflet tip motion is defined as displacement
of the tip or edge of the involved leaflet towards the left
atrium, resulting in abnormal coaptation and regurgitation (Figure 1a,b). Excessive MV leaflet tip motion
of the AMVL or posterior MV leaflet is the result of
elongation or rupture of the primary chords (level 2++
evidence)41,42,44,80 and, together with annular dilatation,
is the predominant mechanism of mitral regurgitation
in the setting of acute rheumatic carditis (level 2+ evidence).80 Excessive MV leaflet tip motion has been well
described in echocardiographic,34,35,37,38,41,80,87,95,107,108 surgi
cal,34,41–43,80,96,109–112 and anatomical44,98 studies (level 2+
evidence). Prevalence among patients with RHD ranges
from 11% to 97%,34,35,37,41–43,80,95,108,109,111 depending on

the population that is sampled. Excessive MV leaflet
tip motion is most common among young rheumatic
patients with pure mitral regurgitation, 34,40 and is less
common beyond the third decade of life, when mitral
stenosis predominates (level 2+ evidence).34
Although the above definition of excessive leaflet tip
motion is the surgical definition of valvular prolapse, as
described by Barlow and Carpentier,80,88,113,114 the standard
echocardiographic definition of MV prolapse does not
need to be met in the setting of RHD, as that refers to
a different disease process. MV prolapse is a degenerative condition that is common with advancing age, and
is defined as ≥2 mm billowing (or hooding) of the body
leaflet tissue into the left atrium during systole, which
must be visible from at least two echocardiographic views,
including the parasternal long-axis view (Figure 1c).115
The free edges of the leaflet generally remain in apposition below the plane of the MV annulus,88,113,114 and MV
prolapse might or might not lead to MV regurgitation.115
Billowing of the leaflet bodies is seldom the predominant
feature of rheumatic carditis.114
In the pediatric population, chordal rupture (an etiology
of excessive leaflet tip motion) predominantly occurs in
the setting of rheumatic carditis and is present in 7–17% of
patients undergoing rheumatic MV repair (level 2++ evidence).40,41,43,80 Only a few case reports exist where chordal
rupture was attributed to other etiologies, such as severe
connective tissue disorders or myxomatous degeneration,
in children.116,117,11 In adults, the most-common etiology of
chordal rupture is myxomatous degeneration, followed by
endocarditis, and then RHD (level 1+ evidence).119
Excessive leaflet motion of the anterior or posterior MV
leaflet tips is a morphological feature of RHD (grade B
recommendation). This criterion applies to individuals
aged <35 years (grade C recommendation) as, beyond
the third decade of life, RHD is rarely characterized by
excessive leaflet motion and almost never without associ
ated restriction of other leaflet scallops and chordal or
valvular thickening. In the presence of a flail leaflet in
the young (≤20 years), only one morphological feature
is required to meet the morphological criteria for RHD,
if other causes have been excluded by clinical assessment
(grade C recommendation).
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Figure 2 | Schematic images of the MV in diastole. a | A normal MV. b | A rheumatic
MV with thickened and restricted anterior and posterior leaflets. Abbreviations:
AMVL, anterior MV leaflet; MV, mitral valve; PMVL, posterior MV leaflet.

Restricted MV leaflet motion
Restricted leaflet motion is the result of chordal shortening, chordal fusion, leaflet thickening, calcification, or
commissural fusion (level 2+ evidence).51,88 This condition
is one of the hallmarks of RHD and is observed in 100% of
patients with pure mitral stenosis or mixed lesion of the
MV (level 2++ evidence).34,35,92 In the setting of predominant mitral regurgitation, restricted MV leaflet motion is
present in 20–60% of patients.35,38–42,112 This phenomenon
is more common in individuals with chronic or established RHD,34,35 and is more prevalent with advancing age
(level 2+ evidence).34,40 Generally absent during the first
episode of ARF,35 restricted MV leaflet motion develops
with time or recurrences.35
Restricted MV leaflet motion is diagnosed with realtime diastolic imaging, and can affect either the anterior,
posterior, or both leaflets. When the anterior leaflet is
affected in association with valvular thickening, the terms
‘hockey stick’,47 ‘dog-leg’, or ‘elbow’ deformity have been
used and reflect the combination of these two morpho
logical changes (Figure 2). Restricted motion of the posterior MV leaflet is a hallmark of RHD and, when severe,
gives rise to the classic immobile appearance.
Restricted leaflet motion (the result of chordal shortening, chordal fusion, leaflet thickening, calcification, and
commissural fusion), is one of the morphological features
of RHD of the MV leaflet (grade B recommendation).

Morphological RHD features of the AV
Isolated disease of the AV is relatively rare and a paucity
of echocardiographic studies that systematically describe
morphological changes associated with rheumatic AV
disease exists in the English literature.36,95,120 The morphological changes associated with RHD of the AV have been
well described in surgical studies that have focused on AV
repair.121–126 As a result, the echocardiographic criteria for
morphological features of AV disease are extrapolated
from surgical and postmortem findings and are based on
Carpentier’s functional classification of AV disease.88
Irregular or focal thickening, coaptation defect,
restricted leaflet motion, and excessive leaflet motion are
echocardiographic features of RHD of the AV. However,
these characteristics are not unique to RHD and other
etiologies should be excluded by echocardiography and
clinical assessment (grade B recommendation).
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AV thickening
The normal AV is a very thin structure 0.67 ± 0.21 mm
(mean ± SD), as established on postmortem examinations.75
Because the valve is so thin, standardized, objective echocardiographic measurements of its thickness have not
been established. One large, population-based echocardiographic study of adults showed that subjective assessment
of AV thickness is acceptable and is associated with good
interobserver and intraobserver agreement (level 2+ evidence).127 Surgical studies have demonstrated that aortic
leaflet thickening is present in 41–100% of individuals with
rheumatic aortic regurgitation (level 2++ evidence).121–126
Of these surgical studies, the one in which the oldest population (mean age 51 years) was assessed had the highest
prevalence of AV thickening,126 and the study in which the
youngest cohort of rheumatic patients (mean age 12 years)
was observed demonstrated the lowest prevalence of surgically relevant valvular thickening.121 This thickening can be
nodular or irregular,64 commonly occurs at the free edge
of the AV, and can lead to abnormal coaptation and aortic
regurgitation. Surgically restoring normal valve thickness
alone can improve valvular coaptation.88,122,126
Coaptation defect
Surgical studies have described the most-common causes
of rheumatic aortic regurgitation as leaflet retraction and
rolling of the leaflet edges that result in a central (often
triangular shaped) coaptation defect that can be visualized
on 2D echocardiography (level 2+ evidence).121–125
Restricted leaflet motion
In an echocardiographic study, restricted aortic-leaflet
motion was found in 76% of 25 patients and was judged
to be the predominant mechanism of rheumatic aortic
regurgitation (level 2+evidence).120 In this echocardiographic study, only one patient had excessive leaflet
motion and the remainder (20%) had normal leaflet
motion. In individuals with normal leaflet motion, aortic
regurgitation was probably the result of leaflet retraction and thickening. The echocardiographic finding
of restricted leaflet motion corresponds to the surgical description of ‘commissural fusion’ with or without
associated valvular thickening and calcification. In surgical studies, a minor degree of commissural fusion is
surprisingly prevalent, even in predominantly regurgitant valves, and ranges from 11% to 73.8% (level 2+evidence).121–123 Similarly to AV thickening, commissural
fusion was less frequent in children.121
Prolapse or excessive leaflet motion
Excessive mobility or prolapse of the AV is present when
aortic cusp tissue extends below the level of the aortic
annulus, and has been demonstrated to be a feature of
RHD in echocardiographic,36,95,120 surgical,121–123 and
pathological44 studies (level 2++ evidence). AV prolapse
should only be diagnosed when associated with pathological (commonly eccentric) regurgitation. Prolapse of
the aortic leaflet is not specific to RHD and care must be
exercised to exclude other etiologies by taking clinical
context into consideration.44,128 In a cohort of individuals
www.nature.com/nrcardio
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with acute rheumatic carditis, 11% of 66 patients (mean
age 12.5 years) had AV prolapse demonstrated on echocardiography.95 Surgical studies that report on AV repair
techniques quote the prevalence of prolapse in rheumatic
aortic regurgitation to be 3.8–59%.121–123 Of the three surgical studies, the highest prevalence was in the study with
the youngest population (mean age 12 years),121 and the
lowest prevalence was in the oldest population (mean age
40 years).122

Limitations of echocardiographic criteria
The 2012 WHF criteria for echocardiographic diagnosis
of RHD aim to differentiate mild RHD from normal
findings on echocardiography. They recognize that
more-sophisticated imaging modalities and quantita
tive techniques might not be possible using the portable
echocardiographic machines available in many resourcepoor settings. The criteria are, therefore, formulated on
the basis of 2D, color-Doppler, and continuous-waveDoppler echocardiography. The criteria to differentiate physiological from pathological regurgitation are
derived from historical studies, some of which date back
a number of decades; however, they have been tested on
large cohorts of healthy children over the past 5 years.
Over the past 10 years, advances in the quantification of
valvular regurgitation and stenosis have occurred. The
vena contracta, the proximal isovelocity surface area,
and the effective regurgitant orifice area can now all be
measured to allow for grading of severity of valvular
regurgitation. These newer techniques allow for the differentiation of mild from moderate and moderate from
severe disease. However, to date, little attention has been
focused on assessing their utility to differentiate physio
logical from pathological regurgitation. Importantly,
their use in the setting of RHD is limited, owing to the
eccentric nature of rheumatic regurgitant jets. Abnormal
loading conditions—such as fluid overload, hypertension,
and dehydration—can alter the severity of regurgitation
regardless of the method used (for example, might alter
regurgitant jet length). Fortunately, loading conditions
are generally normal in otherwise-healthy children who
undergo routine echocardiographic screening for RHD.
Structural or morphological changes are also recognized to often only affect leaflet segments. As a result,
in children, pathology can be missed with 2D imaging
if only standard, adult-style echocardiographic views are
assessed. Technical pitfalls of image acquisition and echocardiographic machine settings must always be addressed
at screening sites, as image qualityul is operatordependent and can substantially affect the interpretation of images. These 2012 WHF echocardiographic
criteria will likely require substantial modification as
technological advancements and increased affordability of more-sophisticated portable machines allow for
better differentiation of physiological from pathological
echocardiographic findings in resource-poor countries.

Implications for RHD screening
Value of echocardiography screening programs
To date, perhaps the greatest impact of echocardiography

screening programs for RHD has been to stimulate interest in, and advocacy for, RHD control. Echocardiography
has a role in defining RHD disease burden for various
regions, which assists health ministries to set priorities.
In addition, by identifying previously undiagnosed cases
of RHD, enabling these patients to commence secondary prophylaxis, echocardiography also has a substantial
impact on individual patients.
However, the expectation that echocardiographic
screening will directly lead to reductions in RHD disease
burden has yet to be proven. To date, investigators have
focused on defining disease prevalence through sentinel
studies, rather than evaluating the larger-scale impact
on disease control. Important gaps remain in our know
ledge that limit our ability to make definite recommendations about how, and in what settings, echocardiographic
screening for RHD should be undertaken, and how
abnormal findings should be managed.

Requirements for a population screening test
Echocardiographic screening for RHD meets many of the
requirements for disease screening. Firstly, an obvious
disease burden exists that is detectable in its preclinical
phase. Secondly, a suitable test is available; the echo
cardiographic standardization study provides the basis
for critically examining the question of whether echo
cardiography has appropriate sensitivity and specificity
as a screening tool. Thirdly, early treatment is likely to
lead to better outcomes.7–9,129
Arguably the most-important gap in our knowledge is
that the natural history of the condition is not fully understood. Although the natural histories of ARF and clinical RHD are known,3,6,7,23,130 whether disease progression
also occurs for those with subclinical disease detected
by echocardiography (without an accompanying clinical
pathological murmur) is unknown for both ‘definite’ and
‘borderline’ RHD.
Other requirements of an ideal screening test include
patient acceptability, defined intervals for repeating
the test, adequate health-service provision for the extra
clinical workload, and costs balanced against benefits.131
Regional and country-specific variations will affect how
well many of these criteria are met.
We emphasize the importance of having a well-run and
effective secondary prophylaxis program in place before
embarking on larger-scale screening, and the capacity
to upscale this program with newly detected patients.132
Countries with the highest disease burden might have the
fewest resources. In some regions, screening might be considered logistically unfeasible or secondary prophylaxis
insufficiently developed to recommend screening.
Who to screen and how to screen
Echocardiographic screening should only be considered in
settings where a high pretest probability of RHD exists;
in other words, in geographic locations with a high prevalence of RHD. The definition of ‘high prevalence’ is not
quantified here, as many countries or regions that are
planning RHD screening programs do not have reliable
epidemiological data to estimate background prevalence.
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In such regions, other data might be useful indicators of
a high disease burden (for example, hospitalizations for
ARF, RHD, or both). Alternatively, echocardiographic
screening could be considered as an epidemiological tool
to help establish disease burden.
The reader is referred to an overview of optimal activesurveillance and passive-surveillance RHD programs.23
Resource-limited countries might still chose to preselect
patients with pathological murmurs for echocardio
graphy. This strategy allows a much larger population
to be screened for the same monetary value. However,
because auscultation is poorly sensitive at detecting
echocardiographically confirmed RHD lesions,14,17,19,22
this model will invariably underestimate the burden of
disease and leave many RHD cases undetected. Successful
screening programs can be conducted in schools17,19,21 or
be community-based.18,22

Use of handheld echo machines
An important debate around asymptomatic RHD concerns
the most-appropriate model for undertaking screening in
resource-poor areas. Despite the increased affordability of
portable echocardiography machines over the past 5 years,
they remain exorbitantly priced for most low-income
countries. The ultraportable, handheld machines that
have been marketed for point-of-care echocardiography
in intensive care and trauma units might provide a cheaper
option.133 Although these pocket-sized imaging devices
are capable of producing 2D and color images, and are
simple to use by inexperienced staff, they currently cannot
perform either real-time measurements or continuouswave Doppler echocardiography. Ultraportability might
not necessarily confer a major additional advantage over
the existing portable machines and the smallness of the
screen could actually be a potential barrier to accurate
interpretation. Furthermore, these devices still require
extensive testing, careful validation, and further technological refinements before widespread independent use
can be recommended.134 On the basis of current information, the diagnostic criteria presented in this article should
not be applied to screening using handheld machines.
Management of patients identified by screening
The uncertainty around the clinical relevance of subclinical echocardiographic changes (see the following section
on future research priorities), and the absence of evidencebased management protocols, mean that treatment decisions, particularly thresholds for commencement of
secondary prophylaxis, will be influenced by local needs
and experience. A positive screening test should always be
followed by a full clinical assessment by an appropriately
qualified medical officer before initiating management,
which has been highlighted as another workforce issue.19
Management of definite RHD
After a screening test is performed, we recommend that
individuals with echocardiographic findings of ‘definite
RHD’ be considered to have RHD regardless of the presence or absence of a murmur (providing other etiologies
have been excluded by clinical context), and secondary
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prophylaxis should be offered. Notably, no data are available to estimate the likelihood that an individual with
subclinical ‘definite RHD’ will subsequently develop an
episode of ARF. However, data to support that indivi
duals with mildly clinical ‘definite RHD’ will benefit the
most from secondary prophylaxis exists7–9 and, therefore,
withholding widely accepted treatment could be seen
as unethical.
Management of borderline RHD
The ‘borderline RHD’ echocardiographic category was
established to improve the sensitivity of the test at the
expense of specificity. These echocardiographic findings
are more common among children from regions where
RHD is highly prevalent than those from low-prevalence
regions.78 Changes consistent with ‘borderline RHD’
can, however, also occur in individuals considered to be
at low risk for ARF. Minor changes in ‘low-risk patients’
should be considered as normal variants. In regions of
high background prevalence of RHD, borderline echocardiographic findings (with or without associated clinical pathological murmur) are more likely to represent
rheumatic changes.19 In this population, the management of ‘borderline RHD’ is not clear-cut. Some clinicians
might choose to offer secondary prophylaxis (accepting
that this strategy will inevitably lead to treatment of some
healthy children),129 and some might choose close clinical
follow-up and repeat echocardiography.

Future research priorities
Validation of the diagnostic criteria, including a blinded
review of large series of echocardiographic studies, is a
high priority. We are currently working towards a system
that will allow new investigators to test their accuracy
in applying the criteria using DVDs or online review
of echocardiograms.
An urgent need to evaluate the clinical relevance of
‘definite RHD’ in the absence of a pathological murmur
(that is, subclinical disease) and of ‘borderline RHD’
exists. A combination of studies will be needed. Highquality, normal-range data are needed for children at
low risk of RHD, but living in high-prevalence regions.
Follow-up studies of children with abnormal and normal
echocardiograms, to compare the rate of progression of
echocardiographic changes as well as subsequent incidence of ARF, should be achievable within the next
5 years. A randomized, controlled trial of secondary
prophylaxis versus no prophylaxis would provide highlevel evidence, but would necessitate an international,
multicenter study in regions with high-compliance to
secondary prophylaxis.
Large-scale screening programs aimed at disease
control, rather than just defining RHD epidemiology,
are required. Economic and cost-effectiveness evaluation
can then be calculated. In the meantime, mathematical
models using existing data could allow prediction of
effectiveness of large-scale screening programs.
Realistic estimates of disease burden should add
impetus to efforts to produce an effective group A
streptococcal vaccine.18 Moreover, echocardiography
www.nature.com/nrcardio
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will have an important role in trials assessing the safety
and the efficacy of group A streptococcal vaccines, and in
RHD epidemiology for targeting vaccine delivery.

Conclusions
The purpose of these diagnostic guidelines is to define
the minimum echocardiographic criteria for RHD in
individuals without a clear history of ARF. The guidelines can be used in the setting of RHD screening programs or as a clinical tool when a diagnosis of RHD is
being considered. In all circumstances, these guidelines
should be used in conjunction with clinical findings
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