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Background: The World Heart Federation (WHF) criteria, published in 2012, provided an evidence-based
guideline for the minimal diagnosis of echocardiographically-detected RHD.
Primary aim of the study was to determine whether use of the WHF criteria altered the threshold for the
diagnosis of echocardiographically-detected RHD compared with the previous WHO/NIH criteria. A secondary
aim was to explore the utility of a three reviewer reporting system compared to a single or two reviewer
reporting structure.
Methods: 144 de-identified echocardiograms (RHD, congenital valvar abnormality, physiological valvar
regurgitation) were independently reported using the WHF criteria by two reviewers blinded to the previous
WHO/NIH diagnosis. If there was discordance between the two reviewers, a third cardiologist independently
performed a tie-breaker review.
Results: There was a 21% reduction of cases classified as RHD using the WHF criteria compared to the modified
WHO/NIH criteria (68 cases compared to 86, p=0.04). Therewas a 60% consensus across the different diagnostic
categories with 2 reviewers, 89% majority agreement with 3 reviewers. 11% required an open label discussion.
There wasmoderate agreement between 2 reviewers for any RHD, kappa 0.57 (CI 0.44–0.70), with no significant
difference in agreement between the different categories.
Conclusion: The WHF criteria have raised the threshold for the diagnosis of RHD compared to the WHO/NIH
criteria. However, inter-reporter variability of the WHF criteria is high. A three reviewer system is likely more
accurate than a single or two reporter system for the diagnosis of mild RHD. This has resource implications for
echocardiographic screening programmes.

© 2019 Published by Elsevier B.V.
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1. Introduction

Rheumatic heart disease (RHD) is an important global health
problem. Revised Global Burden of Diseases estimates are 33 million
prevalent cases of RHD causing 9 million Disability-Adjusted Life Years
lost and 270,000 deaths per year [1]. Since 2007, numerous echocardi-
ography based case finding programmes for subclinical RHD have
been undertaken in endemic regions. Several of the first reports used
World Health Organisation/National Institute of Health (WHO/NIH)
criteria, which had been established by a joint WHO/NIH working
party at a meeting in Cairns in 2005, and were initially only available
d Congenital Cardiac Services,
a Street West, Auckland 1142,

eliability and freedom frombias
on a web site, and not formally published until 2010 [2]. Use of these
criteria often resulted in very high prevalence rates of RHD, 38.4/1000
in Tonga [3], 48/1000 in Nicaragua [4], 51/1000 in India [5], 55/1000
[6] and 43.7/1000 [7] in New Zealand [2]. These high rates of previously
undetected RHD, up to 5% of children in high prevalence regions,
led some to question whether there was over diagnosis of RHD using
echocardiography [8].

The World Heart Federation (WHF) criteria, published in 2012,
provided the first evidence-based international consensus guideline
for the diagnosis of echocardiographically-detected RHD. These criteria
are based on the surgical, pathological and echocardiographic descrip-
tions of RHD [9]. The WHF criteria aimed to define the minimal criteria
to diagnose RHD as opposed to advanced RHD where the echocardio-
graphic features are usually unequivocally diagnostic [9]. Although the
WHF guidelines have been widely adopted since 2012, it is uncertain
if their use has altered the threshold for the diagnosis of RHD compared
to previous criteria.

The primary aim of this study was to determine whether the
use of the WHF criteria has changed the threshold for the diagnosis
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Table 1
ModifiedWHO/NIH criteria. [2]

RHD Murmur Doppler Morphological

Definite Probable Possible

Pathological murmur of mitral and/or aortic regurgitation + − − + − −
Echocardiographic features of rheumatic heart disease:

Pathological grade mitral and/or aortic regurgitation; and valve morphological changes of mitral and/or
aortic valve consistent with rheumatic heart disease; or mitral stenosis – mean gradient of 4 or more
millimetres of mercury

+ − − − − +

Acute rheumatic fever with echocardiographic features of rheumatic heart disease. + − − − − −
No murmura − + − − − −
Echocardiographic features of rheumatic heart disease:

Pathological grade mitral and/or aortic regurgitation; and morphological changes of mitral and/or aortic
valve consistent with rheumatic heart disease

− + − − − −

No murmur − − + − − −
Echocardiographic features of rheumatic heart disease:

Pathological grade mitral and/or aortic regurgitation without morphological changes of rheumatic heart
disease; or morphological changes of mitral and/or aortic valve consistent with rheumatic heart disease
without pathological grade mitral or aortic regurgitation

− − + − − −

Pathological grade regurgitation was defined as a colour Doppler jet meeting all the minimum criteria
below [8,11]

− − + − + −

Mitral regurgitation:
• Substantial colour jet seen in two or more planes
• Extending N2 cm beyond mitral valve leaflets in at least one plane
• Holosystolic with well-defined spectral envelope on pulse wave/continuous wave Doppler
• High velocity N3.5 m per second

− − − − + −

Aortic regurgitation:
• Substantial colour jet seen in two or more planes
• Extending N1 cm beyond aortic valve leaflets in at least one plane
• Holodiastolic with well-defined spectral envelope on pulse wave or continuous wave Doppler
• High velocity N3.5 m per second

− − − − + −

Care was taken to exclude congenital valve pathology such as bicuspid aortic valve, dilated aortic sinuses, and congenital mitral valve prolapse. To fulfil a diagnosis of rheumatic
heart disease, at least one of the following morphological features of rheumatic heart disease was required.

Mitral valve morphological features:
• Thickening** of anterior mitral valve leaflet mid-point or tip
• Fixed elbow – dog leg – deformity of anterior mitral valve leaflet mid-point or tip
• Prolapse of anterior mitral valve leaflet – in the absence of clinical features of congenital mitral valve
prolapse
• Thickening** or retraction of posterior mitral valve leaflet
• Thickening, tethering, retraction, or rupture to chordae of anterior mitral valve leaflet

− − − − − +

Aortic valve morphological features:
• Thickening of aortic valve leaflets or closure line in parasternal short-axis views
• Rolled aortic valve leaflet edges
• Overt prolapse of aortic valve leaflets
• Coaptation defect of aortic valve leaflets

− − − − − +

2012 WHF criteria for echocardiographic diagnosis of RHD for individuals aged≤20 years [9] (Reproduced with permission from Remenyi B, et al. Nat Rev Cardiol. 2012;9
(5):297-309 - Box 1.)

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 mm Hga

C) Pathological AR and at least two morphological features of RHD of the AVb

D) Borderline disease of both the AV and MVc

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, valvar thickening) without any associated pathological stenosis or regurgitation
D) Morphological feature of RHD of the AV (for example, valvar thickening) without any associated pathological stenosis or regurgitation
Pathological mitral regurgitation
(All four Doppler criteria must be met)

Pathological aortic regurgitation
(All four Doppler criteria must be met)

Seen in two views Seen in two views
In at least one view, jet length ≥2 cm In at least one view, jet length ≥1 cm
Velocity ≥3 m/s for one complete envelope Velocity ≥3 m/s in early diastole
Pan-systolic jet in at least one envelope Pan-diastolic jet in at least one envelope
Morphologic features of the MV Morphologic features of the AV
AMVL thickening ≥3 mm Irregular or focal thickening
Chordal thickening Coaptation defect
Restricted leaflet motion Restricted leaflet motion
Excessive leaflet tip motion during systole Prolapse

a Congenital MV anomalies must be excluded.
b Bicuspid AV, dilated aortic root, and hypertension must be excluded.
c Combined AR andMR 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.
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Table 2
WHO/NIH classification vs. WHF classification.

W
HO

 / 
NI

H 
(2

00
6)

WHF (2012)

RHD

(n = 68)*

Non RHD

(n = 76)

Borderline Definite Normal Congenital

RHD

(n=86)

Possible 53 21 8 23 1
Probable 22 12 3 4 3

Definite 11 5 5 1

Non 

RHD

(n=58)

Normal 37 8 1 28
Congenital 21 4 1 5 11

144 50 18 61 15

*Number and type of valve disease (n = 68)
Mitral borderline (38) definite (9).
Aortic borderline (12) definite (2).
Mitral and aortic definite (7).
Physiologic mitral regurgitation normal (49).
Physiologic aortic regurgitation normal (4).
Both aortic and mitral physiologic regurgitation (8).
Congenital mitral disease (4).
Congenital aortic disease (10) – 7 bicuspid valves and 2 dilated aortic roots, 1 not further
specified.
Both congenital aortic and mitral disease (1).
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of echocardiographically detected RHD compared with the WHO/NIH
criteria.

A secondary aim was to assess the reproducibility of the WHF
criteria using a three reviewer reporting system compared to a single
reviewer reporting system for the diagnosis of mild RHD. The latter
has been the norm for RHD echo case detection programmes in many
resource-limited settings, unlike New Zealand where a multi-reviewer
reporting structure has been utilised [6,7,10].

2. Methods

144 abnormal echocardiograms were selected from children who
had undergone school-based echocardiography screening in two
regions of New Zealand from 2007 to 2009. In this time period a total
of 1827 students, 1142 from the South Auckland region [6] and 685
from the Tairawhiti region [7], underwent echocardiography. Only
two children reported a past history of sore joints that could have
been an episode of previous ARF.

Of the 144 cases, 108 had mitral valve abnormalities, 29 had aortic
valve abnormalities and 7 had both mitral and aortic valve abnormali-
ties. 69 (48%) of the 144 were male, median age 12, range 6–17 years.
Fig. 1. Reviewer agreement of the WHF
Table 1 shows the WHO-NIH classification and definitions of RHD
[2,6]. 86 of 144 cases had been classified as RHD by the WHO-NIH
classification, comprising 53 possible RHD cases, 22 probable RHD
cases and 11 definite RHD cases. By definition, the 11 definite cases
had a typical murmur of mitral regurgitation. 95% (82/86) of those
with RHD were mild cases, and 5% had moderate or severe RHD.

21 of 144 cases had been diagnosed as a congenital abnormality
of the mitral or aortic valve. The remaining 37 had mitral regurgita-
tion (MR) or aortic regurgitation (AR) deemed to be at upper
limit of the physiological range by the earlier WHO/NIH analysis.
At that time, the final diagnosis had been recorded by the reporting
cardiologists, but the individual colour-Doppler features that consti-
tuted pathological or physiological valvar regurgitation were not
recorded.

In the current study these 144 echocardiograms were re-analysed ac-
cording to theWHF criteria (Table 1) [9]. The 144 echocardiogramswere
de-identified and reviewers were blinded to the original WHO/NIH clas-
sification. Physiological mitral regurgitation is reported with structurally
normal valves in approximately 15% of children and in a higher propor-
tion in adults, whereas physiological aortic regurgitation occurs in only
1% of children [12]. There can be difficulty discriminating the upper
limit physiological MR or AR from those with pathological regurgitation.
Thus, a number of cases previously labelled upper limit physiological
MR or ARwere included as a spiked ‘normal’ cohort rather than including
cases without any MR or AR as the latter do not pose diagnostic uncer-
tainty. Each echocardiogram was independently reviewed by two paedi-
atric cardiologists. Echocardiograms were reviewed using the Prosolv
viewing application to enable reviewers to perform their own measure-
ments of anterior mitral valve leaflet thickness and regurgitant jet
lengths. Reviewers completed a standardised report form for each
echocardiogram, reporting the presence or absence of pathological
mitral and aortic regurgitation (including the colour - Doppler
features that constituted pathological or physiological valvar regurgita-
tion for that diagnosis), the presence or absence ofmorphological features
of RHD as well as the overall classification (definite RHD/borderline
RHD/congenital/normal).

If there was discordance between the two reviewers regarding
the overall diagnostic category for each echocardiogram, a third
reviewer then independently, without knowledge of the other two
reviewers' conclusion, reviewed the echocardiogram and completed
the standardised report to determine a majority agreement. If, after
review by three cardiologists, a majority opinion was not reached as
each of the 3 reviewers had assigned a separate category of the four
available categories, a combined open review of the echocardiogram
was undertaken by the three reviewers in order to reach majority
agreement. During this process the three reviewers remained blinded
to the original WHO/NIH diagnosis.

RHD Prevalence rates were re-calculated for the WHF criteria using
the total number of screened cases as the denominator.
criteria with a 3 reviewer system.
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Ethical approval for these studies was obtained from the New Zealand
Health andDisability Ethics CommitteeNTY/06/12/139with amendments.

2.1. Statistical analysis

Proportions of categories of RHD were compared by chi-squared
analysis. Levels of agreement of the WHF criteria between 2 reviewers
were analysed by Cohen's κ statistic [13]. Pre-defined kappa agreement
interpretations are b0 no agreement, 0–0.2 slight agreement, 0.21–0.4
fair agreement, 0.41–0.6 moderate agreement, 0.61–0.8 substantial
agreement and N0.81 almost perfect agreement.

3. Results

The categories of final diagnosis for the respective criteria are shown
in Table 2.

There was a significantly lower number of cases classified as RHD
using the WHF criteria compared to the modified WHO/NIH criteria
(68 cases compared to 86 p = 0.04, Table 2).

The derived prevalence of RHD for the screened population
was 37/1000 (95% CL 29–47) using the WHF criteria as compared
to 47/1000 (95% CL 38–58) using the WHO/NIH criteria, p = 0.13.

Therewas a significantly higher number of cases classified as normal
using the WHF criteria compared to the modified WHO/NIH criteria
(61/144 vs 37/144 p = 0.003).

There were a total of 21 cases classified as congenital valve
abnormality (12 Aortic and 9 Mitral Valve anomalies) at the time of
the original reporting using WHO/NIH criteria and 15 (9 Aortic and 6
Mitral) when the WHF criteria were used. Overall 11 cases were
consistently diagnosed as congenital (9 Aortic, 2 Mitral) (Table 2).

After the initial review by 2 reviewers there was agreement for
60% (n = 86) of cases leading to need of a third reviewer in 40% of
cases (Fig. 1). With the inclusion of the third reviewer a majority agree-
ment (2 of 3 reviewers) was reached in 89% of cases. Thus, open label
discussion was required in 11% of cases. There was no significant differ-
ence in agreement between the different categories at the two reviewer
stage: 56% (28 of 50 cases) agreement for borderline cases, 67% (12 of
18 cases) agreement for definite cases, 59% (36 of 61) for normal cases
and 67% (10 of 15 cases) for congenital cases (p 0.81). Kappa values
varied between categories at the two reviewer stage: borderline RHD
kappa 0.27 (CI 0.11–0.42) and definite RHD kappa 0.4 (CI 0.20–0.59).
There was moderate agreement for any RHD, kappa 0.57 (CI 0.44–
0.70). After three reviewers there was consensus agreement in 89%
or 128 cases, again with no significant difference in proportions of
agreement between categories: 82% for borderline cases, 89% agree-
ment for definite cases, 95% for normal cases and 87% for congenital
cases (p 0.14).

The agreement of diagnosis of reviewer A with the final diagnosis
for any RHD was ‘almost perfect’ with kappa 0.83 (CI 0.74–0.92),
and the agreement for reviewer B for any RHD was ‘substantial’ kappa
0.65 (CI 0.53–0.77).

There was 71% agreement by two reviewers for the diagnosis of bor-
derline and definite aortic valve disease (n = 14). There was a 49%
agreement by two reviewers for borderline and definite mitral valve
disease (n=47). Therewas 100% agreementwhen bothmitral and aor-
tic RHD was present (n = 7).

4. Discussion

This study addresses two important aspects of the echocardio-
graphic diagnosis of mild RHD. Firstly the study objectively shows that
the WHF criteria have raised the threshold for the diagnosis of RHD
Fig. 2. ContinuouswaveDoppler ofmitral regurgitation. Panel A - Consensus of the reviewers th
B - Consensus of reviewers that this Doppler profilewas not highvelocity pansystolic jet: consist
whether the Doppler profile was pansystolic or not.
compared to the earlierWHO/NIH criteria. Secondly, the study supports
the use of a three-reviewer system rather than relying on a single
reviewer reporting cases.

Theuse of the earlierWHO/NIH criteria had previously resulted in 86
cases diagnosed as having any RHD, reducing to 68 cases diagnosed as
RHD using theWHF criteria. Thus, the use of theWHF criteria has likely
influenced the generally lower prevalence of RHD found in echocardio-
graphic screening conducted since 2012 [8,14–18]. Colquhoun et al.
previously reported lower prevalence rates with the WHF compared
to WHO/NIH criteria using a single reviewer reporting system [17].
The RHD screening community can confidently conclude that the use
of theWHF criteria had increased specificity and lowered the sensitivity
(raised threshold) for RHD compared to the WHO/NIH criteria. There
are now 3 studies that further address the specificity of the WHF
criteria: no cases of definite RHD were found in low risk populations
of RHD in Australia [8], the USA [18], and New Zealand [12]. These
data, and the current study, support the on-going use of the WHF
criteria for the echocardiographic diagnosis of subclinical RHD globally.
The global burden of RHD has been recently been updated [19].
Echocardiographic prevalence of RHD is a key component of these
estimates [20].

It has to be recognised that the two sets of criteria are not directly
comparable as the WHO/NIH had a clinical component with the inclu-
sion of a pathological heart murmur. Auscultation has been proven to
be less specific and sensitive for the detection of RHD [3,6,17] and was
not the focus of this study. However the ‘possible RHD’ category of the
earlier WHO/NIH classification is made on colour-Doppler and should
be closely equivalent to the WHF borderline category although there
are subtle differences in wording. The WHO/NIH criteria includes “a
substantial” colour jet for mitral regurgitation which is subjective and
the term “well-defined spectral envelope on pulse wave/continuous
wave Doppler” which can also be subjective. Our study results show a
poor correlation between those diagnosed as possible RHD and border-
line RHD. The WHF analysis required the reporter to strictly meet all 4
colour Doppler criteria to sign off the case as borderline. The cardiolo-
gists reporting the studies using the WHO/NIH criteria graded cases as
possible RHD if they judged the regurgitation was pathological based
on the 4 Doppler characteristics beingmet but had recorded the conclu-
sion and not the individual Doppler components on their report. Fig. 2
illustrates that it can be subjective whether a CW Doppler jet profile is
a “complete envelope” or not as per the WHF criteria. It has to be ac-
knowledged that cut offs for colour Doppler characteristics that make
the MR or AR pathological can be equivocal as these parameters are
part of a biological continuum.

To our knowledge, there has been only one study which reclassified
echocardiograms using WHF criteria after the original diagnosis
was made using WHO/NIH criteria [15]. Their interpretation of the
WHO/NIH criteria as published was slightly different than that used in
New Zealand [6] but their study showed a closer correlation of the
two sets of criteria.

4.1. Congenital mitral and aortic valve anomalies

Features of congenital mitral valve prolapse, with prolapse of the
body of the leaflets rather than the tips of the leaflet (rheumatic), are
highlighted in the WHF 2012 guidelines [9]. However, more subtle mi-
tral valve congenital anomalies exist [21]. We found variation of cases
being classified as congenital in the two analyses illustrating the
difficulty of assigning subtle structural mitral valve variations to be of
rheumatic or congenital aetiology. There was more consistency of
agreement for congenital aortic valve anomalies than mitral valve
anomalies between the two reviews. The clinical implications are
at the Dopplerwas a high velocity pansystolic jet of pathologicalmitral regurgitation. Panel
entwith physiologicalmitral regurgitation. Panel C -No consensus between reviewers as to
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significant for an individual who has amitral valve showingmild regur-
gitation: is the aetiology rheumatic, congenital or a valve showing the
upper limit of physiological MR.

The presence of any aortic regurgitation in a child, found in only 1%
of normal children [12], should always lead one to look carefully at the
valve morphology for a congenital lesion. A bicuspid aortic valve or
dilated aortic root is usually easily identifiable but there can be other
more subtle congenital valve variants. Once congenital aortic valve
anomalies are excluded, then the probability that mild AR is rheumatic,
is high.

4.2. One, two and three-reviewer systems

Most RHD screening studies using the WHF criteria have used a
single-reviewer system, albeit some of these studies have reported
their intra-observer readings [8,15–17,22,23].

Our study reveals the potential inaccuracy of a single or even two
reviewers reporting abnormal RHD echocardiograms in a screening
context. We found consensus in 60% of cases only. On the other hand
there was 89% consensus agreement with a third reviewer used as to
determine a majority opinion. An alternative would be for an open
discussion when here is disagreement by two reviewers [24,25]. There
have been other studies using a three-reviewer system [26]. Such sys-
tems have been used in other public health screening domains [27,28].

Our Kappa results showing moderate agreement are in the same
range as others using a second reviewer to report abnormal RHD
echocardiograms using theWHF criteria. Zuhlke et al. reported definite
RHDK 0.77 and Borderline RHD K 0.69 for 2 reviewers for a cohort of 99
cases [25]. Engleman et al. reported K 0.59 for definite RHD and K 0.56
for any RHD for a cohort of 196 cases [16]. Bertaina et al. reported K
0.63 for borderline RHD in 50 cases [24]. Roberts et al. [8] reported the
comparison of a single paediatric cardiologist using the WHF criteria
to a group of cardiologists reading the echocardiograms some years
earlier and found kappa 0.4–0.6 for the question ‘is the mitral/aortic
valve normal?’ and ‘is there significant mitral/aortic regurgitation?’
Agreement was even lower to the questions ‘is there any pathology?’
k 0.4 and ‘is there pathology RHD?’ k 0.3.

A larger validation study of reproducibility of the WHF criteria has
been recently reported by Remenyi et al. [29] 16 cardiologists reported
200 echocardiograms from RHD population-based surveys. Their
study's reference gold standard was defined by a consensus two-
thirds majority in 71% of the 200 cases and by reference panel adjudica-
tion in the remaining 29%. Overall agreement for the diagnosis of RHD
was substantial, kappa 0.70 (95% CI 0.67–0.72) with sensitivity and
specificity of 0.89 and 0.80. A diagnosis of RHD or not is of more clinical
relevance from a patient's perspective than the individual categories of
RHD. The diagnosis of pathologic mitral regurgitation was reliable and
almost perfect, kappa 0.87. Agreement for morphologic changes of
RHD was variable.

It is important to emphasize that these level of agreements using
Kappa methodology apply to cohorts with abnormal echocardiograms
with RHD, not to population screening cohorts where approximately
95% of cases are completely normal. All the cases in the present study
were selected as abnormal or questionably abnormal (those selected
with upper limit of physiological MR or AR) i.e. the sample was inten-
tionally spiked with abnormal cases. When normal echocardiograms
are included as in population screening analysis of agreement the
Kappa is much higher as the proportion of normal cases is much higher.
For example Aliku et al. reported 33 abnormal cases froma cohort of 455
cases [26]. With 2 reviewers the Kappa agreement for all RHDwas 0.86
and for definite RHD (n = 10) the kappa was 1.0.

4.3. Limitations

After the decoding process, it was not possible for the reviewers
to be certain whether harmonics were on or off. Harmonic imaging
improves imaging resolution, is associated with fewer artifacts, but
can make structures appear thicker than conventional (fundamental)
imaging [11].

We acknowledge that there was no gold standard test for RHD as a
reference for the final echocardiographic diagnosis. The methodology
used the three reviewer system to create the gold standard, similar to
that used in other public health screening domains [27,28].
5. Conclusion

We have highlighted some of the challenges of the echocardio-
graphic diagnosis of mild RHD. Use of the WHF criteria has raised the
threshold for a diagnosis of echocardiographically-detected RHD com-
pared to earlierWHO/NIH criteria. There are limitations of reproducibil-
ity of the WHF criteria for mild RHD. The study highlights that at the
lower end of structural and functional changes of valvular disease
there is significant variance of up to 40% in diagnosis of the aetiology
of the changes as to whether they are RHD, congenital or normal.

Thefinal screening diagnosis and the subsequent implications for clin-
ical management are of huge importance for the patient. In particular,
being told theymay have RHD (andmay need BPG prophylaxis) is signif-
icant.We found 90% diagnostic agreement using a three reviewer system.
The study therefore supports the use of a 3 reviewer echo reporting sys-
tem as opposed to a 1 reviewer system in the diagnosis of mild RHD.

In New Zealand, amiddle income country, resources exist for a three
reviewer system but many RHD echocardiography studies are under-
taken in low income countries where logistics may not easily allow for
more than one reviewer.
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