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Summary
Background Early detection and diagnosis of acute rheumatic fever and rheumatic heart disease are key to preventing 
progression, and echocardiography has an important diagnostic role. Standard echocardiography might not be 
feasible in high-prevalence regions due to its high cost, complexity, and time requirement. Handheld echocardiography 
might be an easy-to-use, low-cost alternative, but its performance in screening for and diagnosing acute rheumatic 
fever and rheumatic heart disease needs further investigation.

Methods In this systematic review and meta-analysis, we searched Embase, MEDLINE, LILACS, and Conference 
Proceedings Citation Index—Science up to Feb 9, 2024, for studies on the screening and diagnosis of acute rheumatic 
fever and rheumatic heart disease using handheld echocardiography (index test) or standard echocardiography or 
auscultation (reference tests) in high-prevalence areas. We included all studies with useable data in which the 
diagnostic performance of the index test was assessed against a reference test. Data on test accuracy in diagnosing 
rheumatic heart disease, acute rheumatic fever, or carditis with acute rheumatic fever (primary outcomes) were 
extracted from published articles or calculated, with authors contacted as necessary. Quality of evidence was 
appraised using GRADE and QUADAS-2 criteria. We summarised diagnostic accuracy statistics (including 
sensitivity and specificity) and estimated 95% CIs using a bivariate random-effects model (or univariate random-
effects models for analyses including three or fewer studies). Area under the curve (AUC) was calculated from 
summary receiver operating characteristic curves. Heterogeneity was assessed by visual inspection of plots. This 
study was registered with PROSPERO (CRD42022344081).

Findings Out of 4868 records we identified 11 studies, and two additional reports, comprising 15 578 unique 
participants. Pooled data showed that handheld echocardiography had high sensitivity (0·87 [95% CI 0·76–0·93]), 
specificity (0·98 [0·71–1·00]), and overall high accuracy (AUC 0·94 [0·84–1·00]) for diagnosing rheumatic heart 
disease when compared with standard echocardiography (two studies; moderate certainty of evidence), with better 
performance for diagnosing definite compared with borderline rheumatic heart disease. High sensitivity (0·79 
[0·73–0·84]), specificity (0·85 [0·80–0·89]), and overall accuracy (AUC 0·90 [0·85–0·94]) for screening rheumatic 
heart disease was observed when pooling data of handheld echocardiography versus standard echocardiography 
(seven studies; high certainty of evidence). Most studies had a low risk of bias overall. Some heterogeneity was 
observed for sensitivity and specificity across studies, possibly driven by differences in the prevalence and severity of 
rheumatic heart disease, and level of training or expertise of non-expert operators.

Interpretation Handheld echocardiography has a high accuracy and diagnostic performance when compared with 
standard echocardiography for diagnosing and screening of rheumatic heart disease in high-prevalence areas.

Funding World Health Organization.

Copyright © 2024 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 
license.

Introduction
Rheumatic heart disease is a structural and functional 
change in the heart muscles and valves due to acute 
rheumatic fever.1 Single or repeated episodes of acute 
rheumatic fever can lead to deformity and rigidity of valve 
cusps, mainly affecting the left-sided cardiac valves. 
Tricuspid and pulmonary valves can also be involved, but 
rheumatic heart disease without involvement of the mitral 
valve is rare.2

Despite being preventable, acute rheumatic fever and 
rheumatic heart disease remain a prevalent public health 
problem, particularly in low-income and middle-income 
countries, and can result in disability, low quality of life, 
early mortality, and financial burden.3 Globally, acute 
rheumatic fever has an incidence rate of 8–51 per 
100 000 population.4 In 2019, rheumatic heart disease was 
estimated to have contributed to 0·31 million deaths 
(95% uncertainty interval 0·26–0·34), with 40·50 million 

Lancet Glob Health 2024; 
12: e983–94

See Comment page e899

For the Chinese translation of the 
abstract see Online for 
appendix 1

For the French translation of the 
abstract see Online for 
appendix 2

For the Italian translation of the 
abstract see Online for 
appendix 3

For the Persian translation of the 
abstract see Online for 
appendix 4

For the Portuguese translation of 
the abstract see Online for 
appendix 5

For the Spanish translation of the 
abstract see Online for 
appendix 6

For the Urdu translation of the 
abstract see Online for 
appendix 7

Genes Health and Social Care 
Evidence Synthesis Unit 
(Prof R Providência PhD, 
M Ahmad MD, J J H Bray MBBS, 
F Pelone PhD, F Shokraneh PhD) 
and Cochrane Heart 
(G Aali MSc), Institute of Health 
Informatics, University College 
London, London, UK; Barts 
Heart Centre, St Bartholomew’s 
Hospital, Barts Health NHS 
Trust, London, UK 
(Prof R Providência, J J H Bray); 
Systematic Review 
Consultants, Nottingham, UK 
(F Zhu PhD, T Katairo MSc, 
F Shokraneh); Cardiology 
Department, Royal Free 
London NHS Foundation Trust, 
London, UK (M Ahmad); 
Department of Cardiology, 
Barts Heart Centre, St 
Bartholomew’s Hospital, 
London, UK (M Y Khanji PhD); 
Centre for Cardiovascular 
Medicine and Devices, 
William Harvey Research 
Institute, Queen Mary 
University of London, London, 
UK (M Y Khanji); Department of 
Cardiology, Newham 
University Hospital, Barts 

http://crossmark.crossref.org/dialog/?doi=10.1016/S2214-109X(24)00127-X&domain=pdf


Articles

e984	 www.thelancet.com/lancetgh   Vol 12   June 2024

Health NHS Trust, London, UK 
(M Y Khanji); Paris 

Cardiovascular Research 
Centre, INSERM U970, 

European Georges Pompidou 
Hospital, Paris, France 

(Prof E Marijon PhD); Cardiology 
Department, Hospital Dr Ayres 

de Menezes, São Tomé, 
São Tomé and Príncipe 

(M Cassandra MD); Faculty of 
Medicine and Health, 

The University of Sydney, 
Sydney, NSW, Australia 

(Prof D S Celermajer PhD)

Correspondence to: 
Prof Rui Providência, Genes 

Health and Social Care Evidence 
Synthesis Unit, Institute of 

Health Informatics, University 
College London, 

London NW1 2DA, UK 
r.providencia@ucl.ac.uk

(32·05–50·06) cases and 10·67 million (9·21–12·12) years 
of healthy life lost due to rheumatic heart disease globally 
in the same year.5 In 2010, the cost of deaths due 
to rheumatic heart disease was estimated to be 
US$5400 billion globally.6

The primary prevention of rheumatic heart disease is 
through preventing the initial acute rheumatic fever 
attack, whereas secondary prevention is through 
protection from recurrent episodes of group A 
streptococcal infection and acute rheumatic fever by 
continuous antibiotic chemoprophylaxis. Rheumatic 
heart disease can remain undetected for many years 
during its initial stages, thereby hindering the prophylactic 
administration of penicillin.3 Around two-thirds of 
individuals with rheumatic heart disease are school-aged 
children (aged 5–15 years). If undiagnosed and untreated, 
these children can face the consequences of the disease in 
the following decades.2,7,8 Identifying subclinical rheumatic 
heart disease is important because asymptomatic 
individuals can progress to develop complications such as 
advanced heart failure, pulmonary hypertension, atrial 
fibrillation, stroke, and infective endocarditis.9 Antibiotic 
treatment with injections of benzathine benzylpenicillin 
prevents recurrent exposure and damage to the heart 
valves, reducing the risk of disease progression.10

Compared with auscultation using a stethoscope, 
echocardiography has been shown to be a more sensitive 
and specific diagnostic tool to identify the exact cause of a 
heart murmur.11 The 2015 modified Jones criteria for the 
diagnosis of acute rheumatic fever include the use of 
echocardiography to assess for cardiac involvement.12,13

Larger, stationary echocardiography machines and 
standard portable echocardiography (standard echo
cardiography) as diagnostic instruments might not be 
feasible for diagnosing and screening in regions with a 
high prevalence of rheumatic heart disease due to their 
high cost, complexity, and duration of the investigation. 
Handheld echocardiography done with use of lightweight, 
highly portable, and easy-to-use devices that can fit into a 
coat pocket is a low-cost alternative that has gained 
popularity in recent decades for diagnosing rheumatic 
heart disease.14,15 Specific screening criteria for detecting 
rheumatic heart disease that can be applied in programmes 
using handheld echocardiography were introduced in the 
2023 World Heart Federation (WHF) guidelines.16

Investigating the diagnostic accuracy of handheld 
echocardiography for the diagnosis and screening of 
rheumatic heart disease or acute rheumatic fever in 
different settings is of importance as wider use of 
handheld echocardiography could lead to an increase in 

Research in context

Evidence before this study
WHO commissioned an evidence synthesis to clarify the role of 
handheld echocardiography for: (1) diagnosing acute rheumatic 
fever and rheumatic heart disease in suspected cases when 
standard echocardiography is not available; and (2) routine 
screening for rheumatic heart disease in children in areas of 
high prevalence. We searched Embase, MEDLINE, LILACS, and 
Conference Proceedings Citation Index—Science using search 
terms related to or synonymous with “rheumatic fever”, 
“rheumatic heart disease”, and “echocardiography” up to 
Feb 9, 2024. We identified only one systematic review 
addressing the role of handheld echocardiography in rheumatic 
heart disease, which was not up to date, did not include 
diagnostic test accuracy studies of handheld echocardiography 
in acute rheumatic fever, provided no data on the diagnostic 
performance of auscultation, and did not address the two 
specific questions of the commissioned call by WHO, for which 
there was still an evidence gap.

Added value of this study
This systematic review provides important insights into the 
role of handheld echocardiography for screening and 
diagnosing rheumatic heart disease. 11 diagnostic test accuracy 
studies were identified, alongside two additional reports of 
interest, allowing us to address the questions on the role of 
handheld echocardiography for diagnosing rheumatic heart 
disease in suspected cases (with moderate degree of certainty) 
and screening rheumatic heart disease in children in 

high-prevalence areas (with high certainty of evidence). Our 
findings suggest that accuracy and diagnostic performance of 
handheld echocardiography when compared with standard 
echocardiography is high both for diagnosing and screening of 
rheumatic heart disease, in contrast to the poor diagnostic 
performance observed for the alternative, cardiac auscultation. 
Diagnostic performance seems to be better, with outstanding 
discrimination, for more advanced forms of disease (ie, definite 
rheumatic heart disease as defined by the 2012 World Heart 
Federation). Despite some loss in accuracy when compared 
with experts, the performance of handheld echocardiography 
using simplified echocardiography protocols, or by non-experts 
following a specific and well organised training programme, 
shows excellent discrimination for cases of rheumatic heart 
disease (borderline and definite cases). With regard to the 
diagnosis of carditis and acute rheumatic fever, we found a 
single diagnostic test accuracy study assessing auscultation 
versus handheld echocardiography, which showed very low 
sensitivity of auscultation for diagnosing carditis in children 
with suspected acute rheumatic fever.

Implications of all the available evidence
This evidence synthesis will provide the basis for the new WHO 
guideline on the prevention and management of acute 
rheumatic fever and rheumatic heart disease, and will 
potentially change the management of patients with these 
conditions, contributing to better outcomes.
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diagnoses and health-care use. A previous systematic 
review has explored this matter, combining studies in the 
setting of diagnosis and screening, but did not provide a 
definitive answer.17 Accordingly, the WHO Guideline 
Committee for the clinical practice guidelines on the 
prevention and management of acute rheumatic fever 
and rheumatic heart disease decided that an evidence 
synthesis process was required to separately address 
two specific questions: (1) among children, adolescents, 
and adults with suspected acute rheumatic fever or 
rheumatic heart disease in settings where standard 
echocardiography is not available, should handheld 
echocardiography be used by health workers to diagnose 
acute rheumatic fever or rheumatic heart disease; and 
(2) in areas with high prevalence of rheumatic 
heart disease, should handheld echocardiography be 
recommended for routine screening of rheumatic heart 
disease among school-aged children and adolescents?

The aim of this systematic review was to investigate 
the diagnostic accuracy of handheld echocardiography 
for the diagnosis of rheumatic heart disease or acute 
rheumatic fever in different settings specific to the 
two review questions outlined above.

Methods
Overview and study population
We did a systematic review of studies investigating the 
diagnostic accuracy of handheld echocardiography in 
comparison with standard echocardiography. The review 
adhered to PRISMA guidelines, and the protocol was 
registered with PROSPERO (CRD42022344081).18

We defined two populations of interest corresponding 
to the two review questions: (1) children, adolescents, 
and adults with suspected acute rheumatic fever or 
rheumatic heart disease in health-care facilities where 
standard echocardiography was not available for 
diagnosis; and (2) school-aged children and adolescents 
undergoing screening for rheumatic heart disease in 
areas with a high prevalence of rheumatic heart disease. 
We used data from Watkins and colleagues19 to define 
high-prevalence areas. Additionally, we used data from 
Noubiap and colleagues, who also assessed the prevalence 
of rheumatic heart disease in high-prevalence areas by 
echocardiogram using the WHF and WHO criteria.20

Search strategy and selection criteria
On Feb 9, 2024, two authors (FS and FP) searched the 
following sources from inception up to the search date: 
Embase via Ovid SP (1974–present), MEDLINE via Ovid 
SP (1946–present), Latin American and Caribbean 
Health Sciences Literature (LILACS; 1974–present) and 
Conference Proceedings Citation Index-Science (CPCI-S; 
1990–present). For CPCI-S, the following search terms 
were used: (Rheumatic Card* or Rheumatic Fever* or 
Rheumatic Heart or Rheumatoid Fever* or Rheumatic 
Valv* or Rheumatic Pancarditis or Rheumatic Endocarditis 
or Rheumatic Myocarditis or Rheumatic Pericarditis or 

Rheumatoid Pancarditis or Rheumatoid Endocarditis or 
Rheumatoid Myocarditis or Rheumatoid Pericarditis 
or Rheumatoid Card* or Rheumatoid Heart or 
Rheumatoid Valv*) AND (Echocardiogra* or Doppler or 
Cardiac Echogra* or Cardiac Scan* or Cardial Echogra* 
or Cardioechogra* or Echo Cardiogra* or Heart Echo 
Sounding or Heart Echograph* or Heart Scan* or 
Myocardium Scan* or Ultrasound Cardiogra* or Intra-
Cardiac Ultrasound or Intracardiac Echo or Intracardiac 
Ultrasound or Echo Stress Test or Stress Echo Test or 
Stress MCE) (Topic). Search strategies for all resources are 
provided in appendix 8 (pp 2–3).

We did not search grey literature. Included articles 
were written in English and no translation was needed; 
when searching databases such as LILACS, we translated 
some articles from Portuguese or Spanish, but they did 
not meet inclusion criteria.

In accordance with the Cochrane Handbook for 
Systematic Reviews of Diagnostic Test Accuracy,21 we 
included all diagnostic studies with useable data, 
regardless of being prospective, retrospective, pragmatic, 
or explanatory. We included studies with simple designs 
with reference and index tests, studies with multiple 
groups of participants (including healthy controls), 
studies with multiple reference tests, and comparative 
test accuracy studies (randomised and non-randomised).

We excluded studies that did not investigate the 
diagnostic performance of the index test (ie, those with 
no available information on index test performance vs 
reference because the reference was not done or was 
done only in screen-positive cases).

Data extraction is described in detail in appendix 8 (p 4). 
The following data were extracted from all studies (FZ) 
and double-checked by an independent reviewer (TK): 
study characteristics (authors, year of publication, 
country, study design, sample size, study period, setting, 
and patient selection [random or consecutive]); patient 
characteristics (patient type [which patients were selected, 
and whether known underlying cardiac disease was 
present], age, sex, and follow-up period); index test 
details (handheld echocardiography device used, level of 
experience of the sonographer, and diagnostic criteria 
used); reference test details; and outcome-related data 
(sensitivity and specificity as reported in articles [or, if 
unavailable, calculated from true positives, false positives, 
true negatives, and false negatives], and secondary 
outcome data [not reported]). Authors of the studies were 
contacted as required to obtain the data or information.

Definitions of index, comparator, and outcomes
Handheld echocardiography was the index test, using 
diagnostic criteria as reported by the authors in their 
studies.

The comparator was standard echocardiography, 
the gold standard, with diagnosis of carditis in acute 
rheumatic fever according to the revised Jones Criteria,12 
and diagnosis of rheumatic heart disease based on 2012 

See Online for appendix 8
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WHF criteria for echocardiographic diagnosis.3 Data on 
the diagnostic performance of routine clinical assessment 
using auscultation were also extracted when reported and 
used as a comparator, as standard echocardiography was 
not available in some settings; in such circumstances, the 
diagnosis is made solely on the basis of clinical grounds. 
Cardiac auscultation has traditionally been used to screen 
for rheumatic heart disease.22 Diagnosis of a primary 
episode of acute rheumatic fever carditis is based on the 
presence of significant apical systolic or basal diastolic 
murmurs, clinical presence of pericarditis, or unexplained 
congestive heart failure.23 Precise history taking and 
evaluation of the patient’s clinical status with a thorough 
physical examination and auscultation are the mainstay of 
diagnostic evaluation of rheumatic heart disease.24

The three primary outcomes of interest were accuracy 
of diagnosis of carditis with acute rheumatic fever, 
diagnosis of rheumatic heart disease, and diagnosis of 
acute rheumatic fever or rheumatic heart disease. 
Prespecified secondary outcomes were acceptability to 
provider and patient, adverse events (any), and time to 
diagnosis (ie, interval from first symptoms to diagnosis) 
of carditis with acute rheumatic fever or rheumatic heart 
disease; however, these outcomes were not reported in 
any of the identified papers.

Studies were classified as diagnostic if a substantial 
percentage of the sample was known at baseline to have 
rheumatic heart disease or acute rheumatic fever and 
healthy controls were included for assessing the diagnostic 

accuracy of handheld echocardiography. Screening studies 
were defined as those in which an unselected population 
was present at a screening site and was screened for 
cardiac involvement using handheld echocardiography.

Data synthesis and meta-analyses
For the meta-analysis, we summarised diagnostic accuracy 
statistics (sensitivity, specificity, positive predictive value, 
negative predictive value, positive likelihood ratio, and 
negative likelihood ratio) and estimated 95% CIs by using 
a bivariate random-effects model through Meta-DiSc 2.0.25 
The bivariate random-effects model is recommended; it 
jointly models sensitivity and specificity using binomial 
likelihoods to model within-study variability,21 and was 
used whenever enough data were available to fit the 
model. A univariate random-effects model was used only 
when the bivariate model could not be fitted (ie, in our 
case, for analyses including three or fewer studies).26 
Where possible, a summary receiver operating character
istic curve was fitted as described by the Cochrane 
Collaboration,21 and we assessed the area under the curve 
(AUC) using the R package mada.27 Risk of bias plots were 
traced using Review Manager 5.4.

The following planned subgroup analyses were done 
based on the following subgroups: (1) 2012 WHF criteria 
subcategory (definite rheumatic heart disease [ie, 
fulfilling WHF criteria for rheumatic heart disease 
diagnosis] vs borderline rheumatic heart disease [ie, 
having abnormal echocardiographic features but not 
fulfilling criteria for diagnosis of rheumatic heart 
disease]); (2) disease stage (subclinical rheumatic heart 
disease [ie, echocardiographic evidence of rheumatic 
heart disease discovered while screening patients without 
signs or symptoms] vs symptomatic rheumatic heart 
disease; and (3) experience level of the sonographer or 
reader (expert vs non-expert, as stated by study authors).

Quality assessment using GRADE and QUADAS-228 
are described in detail in appendix 8 (pp 12–27). We 
assessed heterogeneity between studies by visual 
inspection of forest plots, as recommended for systematic 
reviews of diagnostic test accuracy.21

Role of the funding source
The funder of the study supplied the research questions; 
defined the population, index test, comparators, and 
outcomes; and commissioned independent reviewers 
who commented on the review’s protocol and final report 
several times. The funder had no role in study design, 
data collection, data analysis, data interpretation, or 
writing of the report.

Results
Our database searches yielded a total of 4868 records. 
Following screening, 49 reports were identified for 
full-text review, of which one was an ongoing study of 
potential interest,29 and a further 35 were subsequently 
excluded due to not being a diagnostic test accuracy study 

Figure 1: Study identification and selection
All records were identified through database searches; none were from other 
sources. CPCI-S=Conference Proceedings Citation Index—Science. LILACS=Latin 
American and Caribbean Health Sciences Literature.

4868 records identified through database searches
2884 from MEDLINE 
1764 from Embase 

186 from CPCI-S
34 from LILACS

4144 records screened

49 full-text articles assessed for eligibility

13 reports (11 studies) included

724 duplicate records removed

4095 records excluded

36 full-text articles excluded
31 not diagnostic test accuracy studies

3 reviews
1 duplicate
1 ongoing study
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Study characteristics Patient characteristics

Country or 
region

Design and 
setting

Study period Sample size Target 
population 

Index vs 
reference 
test*

Patient 
selection

Age, years Proportion 
female, n or n/N 
(%)

RHD or carditis 
prevalence, n (%), 
and characteristics 

Diagnostic studies: RHD

Beaton et al 
(2014)30

Uganda Prospective 
observational; 
Uganda Heart 
Institute, 
school

Aug to 
Nov, 2010; 
Sept, 2012

125 (41 with 
RHD, 84 healthy 
controls)

Subclinical RHD HHE vs SE Children: 
41 patients 
with RHD, 
84 healthy 
controls

Healthy controls 
mean 10·7, 
definitive 
RHD 11·1,  
borderline 
RHD 11·1 

Healthy controls 
44 (52·4%), 
definitive 
RHD 15 (60·0%), 
borderline 
RHD 10 (62·5%)

RHD 41 (32·8%): 
25 definitive, 
16 borderline

Zühlke et al 
(2016)31

South Africa 
(Vanguard, 
Cape Town)

Case–control 
observational; 
community

Aug, 2013 to 
Sept, 2014

93 (27 
asymptomatic 
with latent RHD, 
66 healthy 
controls)

Asymptomatic 
latent RHD

(1) HHE vs 
SE; (2) 
ausc vs SE

Children and 
young adults

Range 10–25; 
cases median 
17 (IQR 14–20), 
controls 17 
(13–21)

Cases 16 (59·2%), 
controls 48 
(73·1%)

RHD 27 (29·0%): 
13 definitive, 
14 borderline 

Diagnostic studies: ARF

Ali et al 
(2024)32

Sudan (North 
Kordofan)

Prospective 
observational; 
paediatric 
emergency 
department

Sept, 2022 to 
Jan, 2023

400 (126 with 
definite or 
possible ARF, 
13 with isolated 
valve, 261 other)

Symptomatic 
ARF

HHE vs 
ausc

Febrile children 
with possible 
ARF

Range 3–18; 
mean 9·1 
(SD 3·6)

180 (45·0%) Carditis 
66 (16·5%): 
41 mild, 
25 moderate–
severe

Screening studies: RHD

Beaton et al 
(2015)15

Uganda (Gulu) Prospective 
observational; 
5 schools

Nov, 2013 1420 RHD screening, 
early diagnosis

HHE vs SE Children and 
adolescents 
aged 5–17 years 
at study sites

Mean 10·8 
(SD 2·6)

Healthy 
668/1234 
(54·1%), 
definitive RHD 
25/47 (53·2%), 
borderline RHD 
64/133 (48·1%)

RHD 180 (12·7%): 
47 definitive, 
133 borderline

Substudy: 
Godown 
et al 
(2015)40

As above As above As above 1317 RHD screening, 
early diagnosis

Ausc vs SE As above As above As above RHD 171 (13·0%): 
45 definitive, 
126 borderline

Substudy: 
Lu et al 
(2015)41

As above As above As above 1439 RHD screening, 
early diagnosis

HHE vs SE As above As above As above RHD 180 (12·5%):  
47 definitive, 
133 borderline

Mirabel et al 
(2015)35

New Caledonia, 
France 
(Noumea and 
suburbs)

Prospective 
observational; 
schools

April to 
Aug, 2013

1217 RHD screening, 
early diagnosis

HHE vs SE Children aged 
9–10 years 

Mean 9·6 
(SD 0·5)

614 (50·5%) RHD 49 (4·0%): 
15 definitive, 
34 borderline

Beaton et al 
(2016)33

Brazil (Belo 
Horizonte)

Prospective 
observational 
and 
interventional; 
5 public 
schools

May, 2015 397 RHD screening, 
early diagnosis

HHE vs SE Children and 
adolescents 
aged 5–18 years 

Mean 13·6 
(SD 2·8)

195 (49·1%) RHD 53 (13·4%):   
6 definitive, 
47 borderline

Ploutz et al 
(2016)36

Uganda (Gulu) Prospective 
observational; 
2 schools

June to 
Aug, 2014

956 RHD screening, 
early diagnosis

HHE vs SE Children and 
adolescents 
aged 5–17 years 

Mean 11·1 
(SD 2·5)

580 (60·7%) RHD 43 (4·5%):  
11 definitive, 
32 borderline

Francis et al 
(2021)34

Australia 
(Maningrida) 
and Timor-
Leste (Dili and 
Bobonaro)

Prospective 
observational; 
community 
(public, 
church, 
schools, etc)

March to 
Nov, 2018

2573 RHD screening, 
early diagnosis

HHE vs SE All children and 
adolescents 
aged 5–20 years 
at screening 
sites 

Median 12 
(IQR 10–15)

1497 (58·2%) RHD 142 (5·5%):  
82 definitive, 
60 borderline

Voleti et al 
(2021)37

Palau (Koror) Prospective 
observational; 
one 
elementary 
school 

Aug, 2019 632 RHD screening, 
early diagnosis

HHE vs SE Children aged 
6–15 years 

Mean 9·7 
(SD 2·6)

311 (49·2%) RHD 26 (4·1%):  
9 definitive, 
17 borderline

(Table 1 continues on next page)
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(n=31), including duplicate data (n=1), or being reviews 
(n=3; appendix 8 pp 9–11; figure 1). Among the excluded 
studies, there was a relevant systematic review16 whose 
reference list was checked for additional studies to add to 
our review. Finally, 11 studies were included: three 
addressed our question on handheld echocardiography 
for diagnosing rheumatic heart disease30,31 and acute 
rheumatic fever,32 and eight studies addressed the use of 
handheld echocardiography for screening schoolchildren 
and adolescents15,33–39 (tables 1, 2). Two additional 
reports40,41 of Beaton and colleagues’ 2015 study15 were 
included with data to inform two additional subanalyses 
not contemplated in the original publication.

The included studies were conducted between 
September, 2012 and January, 2023, and all were in areas 
with a high prevalence of rheumatic heart disease or 
acute rheumatic fever. Uganda was the dominating 
geography, with three studies,15,30,36 and Brazil, Australia, 
and Timor-Leste were represented twice among the 
studies. The rest of the countries were mentioned in only 
one study each: New Caledonia (France), Palau, South 
Africa, Sudan, and Tanzania.

The studies included 15 578 unique participants in total 
(excluding those from the two substudies40,41), with sample 
sizes varying from 93 to 4436 participants (table 1). Five 
studies had a sample size of more than 1000 participants. 
All studies were prospective observational studies. Beaton 
and colleagues30 and Zühlke and colleagues31 reported 
studies with a case–control design. Most studies included 
children and adolescents aged 5–18 years. Zühlke and 
colleagues31 included participants aged 10–25 years, and 
two additional studies34,38 included participants aged 
5–20 years. Nine studies were done in schools, three were 
conducted or had additional locations in the community 

(Vanguard communities in the Bonteheuwel and Langa 
suburbs of Cape Town, South Africa;31 churches; and 
community centres34,38), and one took place in a paediatric 
emergency department.32

Three studies30–32 included patients with suspected or 
known rheumatic heart disease or acute rheumatic 
fever, and assessed handheld echocardiography in the 
context of diagnosis. All other studies used handheld 
echocardiography in the context of rheumatic heart 
disease screening.15,33–39 Our analyses were divided 
accordingly into this grouping (diagnostic studies or 
screening studies) to address the WHO Guideline 
Committee’s research questions.

For all except two studies, the reference test was 
standard echocardiography done by experts using the 
2012 WHF criteria for diagnosing rheumatic heart 
disease (table 2).3 In the remaining two studies,32,39 
auscultation was the reference test. Standard 
echocardiography was done with portable machines in 
all studies: Vivid i (GE Healthcare),34,38 Vivid i/q (GE 
Healthcare),15,34,37,38,40,41 Vivid q (GE Healthcare)33,36 and 
CX-50 (Philips Healthcare).15,31,40,41

Handheld echocardiography was the index test, and was 
done with the VScan (GE Healthcare) in all studies except 
one,38 in which the Lumify S4–1 (Philips Healthcare) was 
used (table 2). The criteria for diagnosis or positive 
screen for rheumatic heart disease using handheld 
echocardiography in four studies15,30,39,40 were a modified 
version of the 2012 WHF criteria (because no continuous 
wave doppler was available in handheld echocardiography, 
no velocity of the jet could be measured for assessing 
aortic and mitral regurgitation, and the pansystolic or 
pandiastolic jets were assessed using colour doppler). The 
remaining studies opted for simpler echocardiographic 

Study characteristics Patient characteristics

Country or 
region

Design and 
setting

Study period Sample size Target 
population 

Index vs 
reference 
test*

Patient 
selection

Age, years Proportion 
female, n or n/N 
(%)

RHD or carditis 
prevalence, n (%), 
and characteristics 

(Continued from previous page)

Chillo et al 
(2023)39

Tanzania 
(Bagamoyo, 
Kisarawe, 
Babati, and 
Kiteto)

Prospective 
observational; 
11 schools 

2018–19 4436 RHD screening, 
early diagnosis

HHE vs 
ausc

Children aged 
5–16 years 

Mean 10·0 
(SD 2·4)

Healthy 
2357/4341 
(54·3%),
RHD 65/95 
(68·4%)

RHD 95 (2·1%):  
59 definitive, 
36 borderline

Francis et al 
(2023)38

Timor-Leste 
and Australia

Prospective 
observational; 
schools and 
community 
centres

Aug, 2019 
(Timor-
Leste), Feb–
March, 2020 
(Australia) 

3329 RHD screening, 
early diagnosis

HHE vs SE Children and 
adolescents 
aged 5–20 years 
at study sites

Median 12 
(IQR 9–15)

Healthy 
1670/3196 
(52·3%),
definitive RHD 
32/47 (68·1%), 
borderline RHD 
58/86 (67·4%)

RHD 133 (4·0%):  
47 definitive, 
86 borderline

Diagnostic studies were those in which a substantial percentage of the sample was known at baseline to have RHD and healthy controls were included for assessing the diagnostic accuracy of HHE. Screening 
studies were those in which an unselected population was present at a screening site and was screened for cardiac involvement using HHE. Estimated prevalences for any RHD: screening studies 721 (4·8%) of 
14 960; diagnostic studies 68 (31·2%) of 218. Estimated prevalences for definite RHD: screening studies 276 (1·8%) of 14 960; diagnostic studies 38 (17·4%) of 218. Estimated prevalences of borderline RHD: 
screening studies 445 (3·0%) of 14 960; diagnostic studies 30 (13·8%) of 218. ARF=acute rheumatic fever. Ausc=auscultation. HHE=handheld echocardiography. NA=not available. RHD=rheumatic heart disease. 
SE=standard echocardiography. *Details of diagnostic tests, criteria used, and experience levels are presented in table 2.

Table 1: Studies investigating the use of HHE for the diagnosis and screening of RHD
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criteria for defining a positive test: two studies used a 
simplified protocol with only one view (parasternal long-
axis).31,34 Zühlke and colleagues31 used the presence of 
mitral regurgitation with a 2·0 cm or longer jet as the sole 
criterion, while Mirabel and colleagues35 used this mitral 
regurgitation criterion in addition to the presence of any 
aortic regurgitation. Four studies33,36,37,41 used a mitral 
regurgitation jet length of 1·5 cm or longer or the presence 
of any aortic regurgitation as the criteria for positivity, 
whereas Francis and colleagues34,38 used the presence of 
any aortic regurgitation or mitral regurgitation in a 
parasternal long-axis view as the sole criterion. Ali and 
colleagues32 defined carditis on handheld echocardiography 
per the 2015 modified Jones criteria.12

Handheld echocardiography was done by experts in 
four studies15,30,31,39 (in addition to the two substudies40,41) 
and by non-experts in the remaining studies.32–38 
Information on the training programmes for non-experts 
can be found in appendix 8 (pp 5–6).

Zühlke and colleagues31 assessed auscultation and 
handheld echocardiography versus standard echo
cardiography for diagnosing rheumatic heart disease; 
Ali and colleagues32 assessed auscultation versus 
handheld echocardiography for diagnosing carditis or 
acute rheumatic fever; Godown and colleagues40 
assessed auscultation versus standard echocardiog
raphy to screen for rheumatic heart disease; and 
Chillo and colleagues39 assessed auscultation versus 

Index test characteristics Reference test characteristics

Index test Diagnostic criteria Experience level Reference 
test

Diagnostic criteria Experience level

Diagnostic studies: RHD

Beaton et al 
(2014)30

HHE 2012 WHF criteria, modified due to lack 
of CW Doppler

Expert (paediatric cardiologist, expert 
reviewer)

SE 2012 WHF criteria Expert (paediatric cardiologist, expert 
reviewer)

Zühlke et al 
(2016)31

(1) HHE;  
(2) ausc

(1) Simplified HHE (single long-axis 
parasternal view, MR jet length ≥2·0 cm);
(2) presence of pathological murmur

Expert (1 expert cardiologist) SE 2012 WHF criteria Expert (1 expert cardiologist)

Diagnostic studies: ARF

Ali et al (2024)32 HHE Simplified (single long-axis parasternal 
view, MR jet length ≥1·5 cm, any AR, or 
mitral or aortic morphology)

Acquisition non-expert, reading expert 
(paediatric resident physician)

Ausc Murmur NA

Screening studies: RHD

Beaton et al 
(2015)15

HHE 2012 WHF criteria, modified due to lack 
of CW Doppler

Expert (5 paediatric cardiologists, 
5 fellows, 3 senior sonographers)

SE 2012 WHF criteria Expert (5 paediatric cardiologists, 
5 fellows, 3 senior sonographers)

Substudy: 
Godown et al 
(2015)40

Ausc Non-physiological murmur Expert (2 expert local physicians) SE 2012 WHF criteria Expert (expert imagers, paediatric 
cardiologists, senior fellows, 
sonographers)

Substudy: Lu 
et al (2015)41

HHE Simplified (MR jet length ≥1·5 cm or 
any AR; also assessed pansystolic AR or 
MR, and MR in two views or AR)

Expert imagers (paediatric cardiology 
fellows and sonographer)

SE 2012 WHF criteria Expert (expert imagers)

Mirabel et al 
(2015)35

HHE Simplified (MR jet length ≥2·0 cm or 
any AR)

Non-expert (2 nurses) SE 2012 WHF criteria Expert (expert cardiologist)

Beaton et al 
(2016)33

HHE Simplified (MR jet length ≥1·5 cm or 
any AR; also assessed cutoff of ≥2·0 cm 
for MR jet length)

Non-expert (2 nurses, 2 biotechnicians, 
and 2 medical students, split into 
2 teams of 3)

SE 2012 WHF criteria Expert (2 cardiologists)

Ploutz et al 
(2016)36

HHE Simplified (MR jet length ≥1·5 cm or 
any AR)

Non-expert (2 nurses) SE 2012 WHF criteria Expert (single physician for SE, 
2 cardiologist readers)

Francis et al 
(2021)34

HHE Simplified (any MR or AR in single 
parasternal long-axis)

Non-expert (briefly trained non-expert 
practitioner)

SE 2012 WHF criteria Expert (cardiologist or sonographer)

Voleti et al (2021)37 HHE Simplified (MR jet length ≥1·5 cm or 
any AR)

Non-expert (2 nurses, 2 physicians, 
1 medical student, 1 patient care 
technician)

SE 2012 WHF criteria Expert (4 paediatric cardiologists, 
1 senior fellow)

Chillo et al (2023)39 HHE 2012 WHF criteria, modified due to lack 
of CW Doppler

Expert (2 expert cardiologists) Ausc Murmur, 4 ausc 
areas

Non-expert (2 trained final-year 
medical students)

Francis et al 
(2023)38

HHE Simplified (any MR or AR in single 
parasternal long-axis)

Approach 1, non-expert; or  
approach 2, non-expert sonographer  
and expert reader (10 physicians, 
6 nurses, 6 community health workers)

SE 2012 WHF criteria Expert (expert paediatric cardiologist 
and sonographer)

Diagnostic studies were those in which a substantial percentage of the sample was known at baseline to have RHD and healthy controls were included for assessing the diagnostic accuracy of HHE. Screening 
studies were those in which an unselected population was present at a screening site and was screened for cardiac involvement using HHE. AR=aortic regurgitation. ARF=acute rheumatic fever. Ausc=auscultation. 
CW=continuous wave. HHE=handheld echocardiography. MR=mitral regurgitation. NA=not available. RHD=rheumatic heart disease. SE=standard echocardiography. WHF=World Heart Federation. 

Table 2: Diagnostic criteria used in studies investigating the use of HHE for the diagnosis and screening of RHD
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handheld echocardiography to screen for rheumatic 
heart disease.

We did a detailed appraisal of the 13 included reports 
using the QUADAS-2 tool (appendix 8 pp 12–25), 
including a risk of bias assessment (figure 2). Certainty 
of evidence was considered moderate for diagnosis 
(appendix 8 p 26) and high for screening (appendix 8 
p 27), according to GRADE criteria.

The pooled data showed that handheld echo
cardiography had high sensitivity (0·87 [95% CI 
0·76–0·93]) and specificity (0·98 [0·71–1·00]) and overall 
high accuracy (AUC 0·94 [0·84–1·00]) for diagnosing 
rheumatic heart disease when compared with 
standard echocardiography (figure 2; appendix 8 p 8). In 
subanalyses assessing the diagnosis of definite rheumatic 
heart disease and borderline rheumatic heart disease, 
handheld echocardiography had high accuracy, with 
better performance for definite rheumatic heart disease 
(AUC 0·99 [0·98–1·00]) than for borderline (0·92 
[0·79–1·00]; table 3).

Excellent discrimination for screening of rheumatic 
heart disease was observed for pooled handheld 
echocardiography versus standard echocardiography 
data (sensitivity 0·79 [95% CI 0·73–0·84]; specificity 0·85 
[0·80–0·89]; AUC 0·90 [0·85–0·94]; figures 2, 3; table 3). 
In subanalyses, better performance of handheld 
echocardiography was observed for definite rheumatic 
heart disease (AUC 0·99 [0·75–1·00]) than for borderline 
rheumatic heart disease (0·88 [0·80–0·99]; table 3). 
Six studies15,33–37 used the VScan (GE Healthcare) and 
one38 used the Lumify S4–1 (Philips Healthcare) for 
screening for any rheumatic heart disease, with minor 
differences observed in sensitivity (0·77 [0·72–0·82] vs 
0·88 [0·82–0·93]) and specificity (0·86 [0·81–0·90] vs 
0·77 [0·76–0·79]).

Combining all nine studies (diagnostic and 
screening),15,30,31,33–38 the diagnostic performance of 
handheld echocardiography versus standard echo
cardiography for any rheumatic heart disease showed 
excellent discrimination, with sensitivity of 0·81 (95% CI 
0·72–0·85), specificity of 0·88 (0·82–0·92), and an AUC 
of 0·90 (0·87–0·94).

Extracted positive predictive value, negative predictive 
value, positive likelihood ratio, and negative likelihood 

Figure 2: Sensitivity and specificity of handheld echocardiography versus 
standard echocardiography for the diagnosis and screening of rheumatic 
heart disease, and risk of bias summary
Forest plots show the sensitivity and specificity of handheld echocardiography 
for diagnosis (A) and screening (B) of rheumatic heart disease in each of the 
included studies, with standard echocardiography used as the reference test. 
(C) Summary of risk of bias assessment for all included studies. Beaton et al 
(2014)30 and Zühlke et al (2016)31 had a high risk of bias for patient selection due 
to their case–control designs. Chillo et al (2023)39 and Ali et al (2024)32 had an 
unclear risk of bias due to insufficient details on the expertise of health 
professionals performing auscultation. *Sum of true positives and false 
negatives. †Sum of true negatives and false positives. 
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ratio, and pooled values for the same measures are 
presented in appendix 8 (p 28).

Among screening studies, simplified handheld 
echocardiography protocols displayed good diagnostic 
performance for detecting any rheumatic heart disease 
(pooled sensitivity 0·78 [95% CI 0·72–0·84]; specificity 
0·84 [0·79–0·88]; and AUC 0·88 [0·85–0·92]; table 3) 
compared with standard echocardiography with 
complete diagnostic criteria. Non-experts also had a good 
performance (pooled sensitivity 0·79 [0·72–0·85]; 
specificity 0·85 [0·79–0·89]; AUC 0·89 [0·84–0·94]), 
similar to that of expert echocardiographers or 
cardiologists for any rheumatic heart disease (table 3).

Some heterogeneity was observed for sensitivity and 
specificity across studies, possibly driven by differences 
in the prevalence and severity of rheumatic heart 
disease, and level of training or expertise of non-expert 
operators.

The effects of handheld echocardiography for 
diagnosing and screening per 1000 patients tested are 
presented in appendix 8 (p 29 for diagnosis, and pp 30–31 
for screening studies).

One diagnostic study assessed auscultation for 
detecting definite rheumatic heart disease versus 
standard echocardiography, and showed high specificity 
(0·95 [95% CI 0·87–0·99]) but very low sensitivity (0·09 
[0·01–0·41]).31 Similar findings were observed for 
auscultation versus handheld echocardiography for 
diagnosing carditis with acute rheumatic fever (specificity 
0·99 [0·99–1·00]; sensitivity 0·17 [0·09–0·28];32 figure 3). 
Two studies39,40 assessed auscultation for screening of 
any rheumatic heart disease and showed poor 
performance versus standard echocardiography or 
handheld echocardiography (specificity 0·97 [0·87–0·99]; 
sensitivity 0·11 [0·06–0·21]; AUC 0·59 [0·54–0·66]; 
table 3).

Information on other outcomes, which were not 
reported by any of the studies, is presented in appendix 8 
(p 7).

Discussion
Our systematic review showed that handheld 
echocardiography has high sensitivity and specificity and 
overall high accuracy when compared with standard 

Number of 
studies

Setting Reference 
standard

Sensitivity 
(95% CI)

Specificity (95% CI) AUC (95% CI) Certainty of 
evidence

Diagnostic studies

HHE

Any RHD 2 High prevalence SE 0·87 (0·76–0·93) 0·98 (0·71–1·00) 0·94 (0·84–1·00) Moderate 

Definite RHD 2 High prevalence SE 0·97 (0·84–1·00) 0·98 (0·93–0·99) 0·99 (0·98–1·00) Moderate 

Borderline RHD 2 High prevalence SE 0·72 (0·54–0·86) 0·98 (0·69–1·00) 0·92 (0·79–1·00) Moderate 

Auscultation

Rheumatic fever 1 High prevalence HHE 0·17 (0·09–0·28) 0·99 (0·99–1·00) NA NA

Any RHD 1 High prevalence SE 0·19 (0·06–0·38) 0·98 (0·92–1·00) NA NA

Definite RHD 1 High prevalence SE 0·09 (0·01–0·41) 0·95 (0·87–0·99) NA NA

Borderline RHD 1 High prevalence SE 0 0·95 (0·87–0·99) NA NA

Screening studies

HHE

Any RHD 7 High prevalence SE 0·79 (0·73–0·84) 0·85 (0·80–0·89) 0·90 (0·85–0·94) High

Definite RHD 2 High prevalence SE 0·98 (0·92–0·99) 0·87 (0·85–0·88) 0·99 (0·75–1·00) High

Borderline RHD 2 High prevalence SE 0·72 (0·54–0·86) 0·98 (0·69–1·00) 0·88 (0·80–0·99) High

Simplified HHE

Any RHD 7 High prevalence SE with complete 
diagnostic criteria

0·78 (0·72–0·84) 0·84 (0·79–0·88) 0·88 (0·85–0·92) High

Expert HHE

Any RHD 1 High prevalence Expert SE 0·79 (0·72–0·85) 0·87 (0·85–0·89) NA NA

Definite RHD 1 High prevalence Expert SE 0·98 (0·87–1·00) 0·87 (0·85–0·89) NA NA

Borderline RHD 1 High prevalence Expert SE 0·72 (0·64–0·79) 0·87 (0·85–0·89) NA NA

Non-expert HHE

Any RHD 6 High prevalence Expert SE 0·79 (0·72–0·85) 0·85 (0·79–0·89) 0·89 (0·84–0·94) High

Auscultation

Any RHD 2 High prevalence SE or HHE 0·11 (0·06–0·21) 0·97 (0·87–0·99) 0·59 (0·54–0·66) High

Definite RHD 1 High prevalence SE 0·22 (0·11–0·37) 0·91 (0·89–0·93) NA NA

AUC=area under the curve. HHE=handheld echocardiography. NA=not applicable. RHD=rheumatic heart disease. SE=standard echocardiography.

Table 3: Main results and analyses for diagnostic performance of HHE
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echocardiography for diagnosing (moderate certainty of 
evidence) and screening (high certainty of evidence) 
rheumatic heart disease in high-prevalence areas. By 
contrast, poor diagnostic performance was observed for 
cardiac auscultation (good specificity but low sensitivity), 
suggesting that, when standard echocardiography is not 
available, handheld echocardiography might constitute a 
better alternative for screening and diagnosing acute 
rheumatic fever or rheumatic heart disease. Use of 
simplified handheld echocardiography or non-experts 
enrolled in training programmes to conduct handheld 
echocardiography showed good diagnostic accuracy, 
despite some loss in sensitivity and specificity.

Ali and colleagues32 showed that the use of handheld 
echocardiography versus auscultation led to an increase 
in diagnosis of carditis, from 2·8% (11 of 400 individuals) 
to 16·5% (66 of 400),32 detecting an important fraction of 
cases that would otherwise be missed. Among these 
66 cases, 25 were classified as moderate or severe 
carditis. The authors reported a high sensitivity and 
specificity of handheld echocardiography (both 0·88) in 
a small fraction of 43 patients with cardiac findings who 
underwent confirmatory standard echocardiography.

Organisation of mass screening programmes for 
acute rheumatic fever or rheumatic heart disease in 

high-prevalence areas seems possible, but will require 
considerable logistic, organisational, and governmental 
efforts. Use of handheld echocardiography in individuals 
with suspected disease as an alternative when standard 
echocardiography is not available might also pose 
challenges, as handheld echocardiography devices will 
have to be acquired and staff will need to be trained. 
However, the studies included in this systematic review 
show that short training programmes are feasible and 
allow non-expert operators to perform handheld 
echocardiography with acceptable diagnostic accuracy. 
The circumstances of each country should be taken into 
account during the implementation of any new 
programme. Cost-effectiveness studies applied to the 
local reality of the different high-prevalence areas where 
screening programmes are being planned might be a 
necessary first step. Previous studies have suggested 
cost-effectiveness of secondary prevention measures, 
including portable or stationary echocardiography in 
India, sub-Saharan Africa, and Fiji,42–44 and handheld 
echocardiography in Brazil.45 False-positive and false-
negative cases can potentially add to health-system costs. 
However, false positives and false negatives might be 
less of a problem with handheld echocardiography than 
with cardiac auscultation. Additionally, consideration 
for follow-up costs and resource use might need to be 
factored in, as valve surveillance might subsequently be 
required.

Most of the studies included children or adolescents. It 
is, therefore, uncertain whether the performance of 
handheld echocardiography can be extrapolated to older 
adults, in whom difficult acoustic windows and technical 
difficulties for acquiring good image quality might be 
problems in some cases.

Telford and colleagues17 previously conducted a 
systematic review on the use of handheld echo
cardiography, but provided only pooled results 
combining studies assessing handheld echocardiography 
for diagnosing and screening rheumatic heart disease. 
Our up-to-date analyses provide further and separate 
insight into these two distinct clinical scenarios, and 
provide information on acute rheumatic fever and 
carditis, as well as on the performance of auscultation 
compared with echocardiography, as solicited by the 
WHO Guideline Committee, with more precision due to 
a much higher unique patient number (4-times higher 
participant number).

Seven studies32–38 included in our meta-analysis trained 
non-experts to perform handheld echocardiography, but 
no consensus seems to exist on the core curriculum, 
training duration, minimum number of hours of 
practical or supervised training, and minimum number 
of independent handheld echocardiography examinations 
for becoming a fully independent and trained individual. 
These are important aspects to consider for the planning 
of screening programmes by non-experts, as abbreviated 
programmes that do not provide the necessary set of 

Figure 3: Sensitivity and specificity of auscultation versus echocardiography (standard echocardiography or 
handheld echocardiography) for the diagnosis and screening of RHD or ARF 
ARF=acute rheumatic fever. RHD=rheumatic heart disease. *Sum of true positives and false negatives. †Sum of true 
negatives and false positives. 
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skills to non-expert operators will affect the outcome and 
success of the programme.

No studies compared handheld echocardiography 
versus stationary high-end systems (ie, feature-rich 
devices with cutting-edge technology such as three-
dimensional echo or strain, which, despite having 
wheels, are too heavy or not supposed to be moved).46 
Hence, extrapolation of our findings on the diagnostic 
and screening accuracy of handheld echocardiography 
versus portable standard echocardiography to the 
comparison of handheld echocardiography versus high-
end systems relies on the assumption of comparable 
diagnostic performance of stationary and portable 
standard echocardiography.

Wider use of handheld echocardiography devices for 
rheumatic heart disease screening is occurring, with 
recent studies in Sudan using the VScan (GE Healthcare)47 
and in Ethiopia using the Lumify (Philips).48

Some additional limitations need to be highlighted in 
our review. First, when testing different handheld 
echocardiography devices, experts have considered some 
to have better image quality.49 Furthermore, novel devices 
such as the PA HD (Clarius) and Kosmos (EchoNous) 
have pulsed-wave and continuous-wave doppler, 
respectively. As no head-to-head comparisons of different 
handheld echocardiography devices are available in the 
acute rheumatic fever and rheumatic heart disease setting, 
further studies might be required to ascertain and 
compare the diagnostic accuracy of different handheld 
echocardiography devices. Second, we did not include 
grey literature in our search. This exclusion can artificially 
affect estimates of treatment effects in reviews of 
intervention studies,50 and can potentially affect estimates 
of diagnostic test accuracy reviews. Third, it is possible 
that the studies by Beaton and colleagues30 and Zühlke 
and colleagues31 might not fully represent the use of 
handheld echocardiography in the context of diagnosing 
cardiac involvement in someone suspected to have 
rheumatic heart disease, as the rheumatic heart disease 
cases were composed mainly of patients with subclinical 
rheumatic heart disease. However, we hypothesise that as 
most patients with symptomatic rheumatic heart disease 
will have more advanced disease, handheld echo
cardiography performance will be better, as we observed 
for cases of definitive rheumatic heart disease. Fourth, our 
search strategy was not designed for systematically 
assessing auscultation for the diagnosis of rheumatic 
heart disease or acute rheumatic fever. However, we 
believe we have included all studies assessing handheld 
echocardiography alongside auscultation, allowing us to 
better understand the comparative performance of 
handheld echocardiography and auscultation. Finally, the 
2023 WHF guidelines for echocardiographic diagnosis 
of rheumatic heart disease include screening and 
confirmatory criteria, weight-based measurements for 
regurgitant jets, and a classification of rheumatic heart 
disease in stages (A to D, instead of borderline, definite, 

and latent).16 All included studies in our review pre-date 
this publication. Future research assessing handheld 
echocardiography for rheumatic heart disease screening 
and diagnosing individuals in the newly described 
rheumatic heart disease stages is warranted.

Our findings suggest that handheld echocardiography 
has a high-accuracy diagnostic performance when 
compared with standard echocardiography for both 
diagnosing and screening of rheumatic heart disease in 
high-prevalence areas, contrasting with the poor 
diagnostic performance observed for cardiac auscultation. 
Cost-effectiveness data and longer-term outcome data on 
the use of handheld echocardiography devices in 
different high-prevalence regions, and the performance 
of novel handheld echocardiogram devices (ie, those with 
pulsed-wave and continuous-wave doppler capability) 
constitute important areas for future research.
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背景：急性⻛湿热和⻛湿性⼼脏病的早期检测和诊断是防⽌病情进展的关键，⽽超声⼼动
图在诊断中起着重要作⽤。但是，由于其⾼成本、⾼复杂度⾼和时间需求⼤，在⾼患病率
地区运⽤标准超声⼼动图进⾏检测和诊断可能不太可⾏。⼿持式超声⼼动图作为⼀种易于
使⽤的、低成本的潜在替代⽅案，其在筛查和诊断急性⻛湿热和⻛湿性⼼脏病⽅⾯的性能
还需要进⼀步研究。 
 
⽅法：在这项系统综述和荟萃分析中，我们检索了 Embase、MEDLINE、LILACS和
Conference Proceedings Citation Index—Science上（截⾄ 2024年 2⽉ 9⽇）的所有涉及在
⾼患病率地区使⽤⼿持式超声⼼动图（指标检测）或标准超声⼼动图或听诊器（参考检
测）对急性⻛湿热和⻛湿性⼼脏病进⾏筛查和诊断的研究。我们纳⼊了所有具有可⽤数据
的研究，⽤以评估指标检测相较于参考检测的诊断性能。我们提取或计算了已发表⽂章中
关于诊断⻛湿性⼼脏病、急性⻛湿热或急性⻛湿热性⼼脏炎（主要结果）的检测准确性数
据，并在必要时联系作者。证据质量使⽤ GRADE和 QUADAS-2标准评估。我们使⽤双变
量随机效应模型（或包括三个或更少研究的分析的单变量随机效应模型）总结了诊断准确
性统计数据（包括灵敏度和特异度）并估计了 95%的置信区间， 并且计算了总结的接收
者操作特征（ROC）曲线下⾯积（AUC）。异质性通过对图形的视觉检查进⾏评估。本研
究已在 PROSPERO上注册（CRD42022344081）。 
 
结果：从 4868份记录中，我们纳⼊了 11项研究和两份额外报告，共计 15578名独特参
与者。汇总数据显示，与标准超声⼼动图相⽐，⼿持式超声⼼动图在诊断⻛湿性⼼脏病⽅
⾯具有较⾼的灵敏度（0.87 [95% CI 0.76–0.93]）、特异度（0.98 [0.71–1.00]）和⾼的整体
准确性（AUC 0.94 [0.84–1.00]）（两项研究；证据程度中等）； 相较于边缘性⻛湿性⼼脏
病，其对确定性⻛湿性⼼脏病的诊断性能更佳。在汇总⼿持式超声⼼动图与标准超声⼼动
图的数据时，其在筛查⻛湿性⼼脏病显示出较⾼的灵敏度（0.79 [0.73–0.84]）、特异度
（0.85 [0.80–0.89]）和整体准确性（AUC 0.90 [0.85–0.94]）（七项研究；证据程度⾼）。
⼤多数研究整体上存在较低的偏倚⻛险。这些研究在敏感性和特异性上存在⼀些异质性，
可能与⻛湿性⼼脏病的患病率和严重程度、以及⾮专家操作者的培训⽔平或专业知识⽔平
的差异有关。 
 
解释：在⾼患病率地区，与标准超声⼼动图相⽐，⼿持式超声⼼动图在诊断和筛查⻛湿性
⼼脏病⽅⾯具有较⾼的准确性和诊断性能。 
 
Background Early detection and diagnosis of acute rheumatic fever and rheumatic heart disease 
are key to preventing progression, and echocardiography has an important diagnostic role. 
Standard echocardiography might not be feasible in high-prevalence regions due to its high 
cost, complexity, and time requirement. Handheld echocardiography might be an easy-to-use, 
low-cost alternative, but its performance in screening for and diagnosing acute rheumatic fever 
and rheumatic heart disease needs further investigation. 
 
Methods In this systematic review and meta-analysis, we searched Embase, MEDLINE, LILACS, 
and Conference Proceedings Citation Index—Science up to Feb 9, 2024, for studies on the 



screening and diagnosis of acute rheumatic fever and rheumatic heart disease using handheld 
echocardiography (index test) or standard echocardiography or auscultation (reference tests) in 
high-prevalence areas. We included all studies with useable data in which the diagnostic 
performance of the index test was assessed against a reference test. Data on test accuracy in 
diagnosing rheumatic heart disease, acute rheumatic fever, or carditis with acute rheumatic 
fever (primary outcomes) were extracted from published articles or calculated, with authors 
contacted as necessary. Quality of evidence was appraised using GRADE and QUADAS-2 criteria. 
We summarised diagnostic accuracy statistics (including sensitivity and specificity) and 
estimated 95% CIs using a bivariate random-effects model (or univariate random-effects 
models for analyses including three or fewer studies). Area under the curve (AUC) was 
calculated from summary receiver operating characteristic curves. Heterogeneity was assessed 
by visual inspection of plots. This study was registered with PROSPERO (CRD42022344081). 
 
Findings Out of 4868 records we identified 11 studies, and two additional reports, comprising 
15 578 unique participants. Pooled data showed that handheld echocardiography had high 
sensitivity (0·87 [95% CI 0·76–0·93]), specificity (0·98 [0·71–1·00]), and overall high accuracy 
(AUC 0·94 [0·84–1·00]) for diagnosing rheumatic heart disease when compared with standard 
echocardiography (two studies; moderate certainty of evidence), with better performance for 
diagnosing definite compared with borderline rheumatic heart disease. High sensitivity (0·79 
[0·73–0·84]), specificity (0·85 [0·80–0·89]), and overall accuracy (AUC 0·90 [0·85–0·94]) for 
screening rheumatic heart disease was observed when pooling data of handheld 
echocardiography versus standard echocardiography (seven studies; high certainty of 
evidence). Most studies had a low risk of bias overall. Some heterogeneity was observed for 
sensitivity and specificity across studies, possibly driven by differences in the prevalence and 
severity of rheumatic heart disease, and level of training or expertise of non-expert operators. 
 
Interpretation Handheld echocardiography has a high accuracy and diagnostic performance 
when compared with standard echocardiography for diagnosing and screening of rheumatic 
heart disease in high-prevalence areas. 
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Contexte : La détection précoce du rhumatisme articulaire aigu et de la cardiopathie rhumatismale 
sont essentiels pour ainsi prévenir la progression de la maladie. L'échocardiographie joue un rôle clé 
pour permet un diagnostic précoce mais n’est pas toujours réalisable dans les régions à forte 
prévalence en raison du coût élevé, de la complexité et de la durée de l'examen. L'échocardiographie 
portative représente une alternative peu coûteuse et facile à utiliser, mais ses performances pour le 
dépistage et le diagnostic du rhumatisme articulaire aigu et de la cardiopathie rhumatismale 
nécessitent d’être davantage étudiés.  
Méthodes : Nous avons effectué une recherche dans Embase, MEDLINE, LILACS et le Conference 
Proceedings Citation Index-Science jusqu'au 9 février 2024, pour identifier les études sur le dépistage 
et le diagnostic du rhumatisme articulaire aigu et de la cardiopathie rhumatismale en utilisant 
l'échocardiographie portative (test index) ou l'échocardiographie standard ou l'auscultation (tests de 
référence) dans les zones à forte prévalence de la maladie.  
Nous avons inclus toutes les études avec des données exploitables dans lesquelles les performances 
diagnostiques du test index ont été évaluées par rapport à un test de référence. Les données sur la 
précision du test dans le diagnostic de la cardiopathie rhumatismale, de rhumatisme articulaire aigu 
ou de la cardite avec rhumatisme articulaire aigu (résultats principaux) ont été extraites d'articles 
publiés ou calculées, les auteurs ayant été contactés au besoin. La qualité des preuves a été évaluée 
à l'aide des critères GRADE et QUADAS-2. Nous avons résumé les statistiques de précision 
diagnostique (y compris la sensibilité et la spécificité) et estimé les IC à 95 % à l'aide d'un modèle à 
effets aléatoires bivarié (ou de modèles à effets aléatoires univariés pour les analyses comprenant 
trois études ou moins). L'aire sous la courbe (AUC) a été calculée à partir des courbes ROC résumées. 
L'hétérogénéité a été évaluée par inspection visuelle des graphiques. Cette étude a été enregistrée 
auprès de PROSPERO (CRD42022344081). 
Résultats : Sur 4.868 enregistrements, nous avons identifié 11 études et 2 rapports supplémentaires, 
comprenant un total de 15.578 participants. Les données combinées ont montré que 
l'échocardiographie portative présentait une sensibilité élevée (0,87 [IC à 95 % : 0,76–0,93]), une 
spécificité élevée (0,98 [0,71–1,00]), et une précision globale élevée (AUC 0,94 [0,84–1,00]) pour le 
diagnostic de la cardiopathie rhumatismale par rapport à l'échocardiographie standard (deux études 
; preuve de certitude modérée), avec de meilleures performances pour le diagnostic de la cardiopathie 
rhumatismale définitive par rapport à la cardiopathie rhumatismale limite. Une sensibilité élevée (0,79 
[0,73–0,84]), une spécificité élevée (0,85 [0,80–0,89]), et une précision globale élevée (AUC 0,90 
[0,85–0,94]) pour le dépistage de la cardiopathie rhumatismale ont été observées en regroupant les 
données de l'échocardiographie portative par rapport à l'échocardiographie standard (sept études ; 
preuve de certitude élevée). La plupart des études présentaient globalement un faible risque de biais. 
Une certaine hétérogénéité a été observée pour la sensibilité et la spécificité entre les études, peut-
être due à des différences dans la prévalence et la gravité de la cardiopathie rhumatismale, ainsi qu'au 
niveau de formation ou d'expertise des opérateurs non experts. 
Interprétation : L'échocardiographie portative présente des performances diagnostiques élevées par 
rapport à l’échocardiographie transthoracique standard tant pour le diagnostic que pour le dépistage 
de la cardiopathie rhumatismale dans les zones de forte prévalence. 
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Premessa: L’individuazione o la diagnosi precoce della febbre reumatica e della cardiopatia 
reumatica è fondamentale per prevenirne la progressione, e l'ecocardiografia svolge un ruolo 
diagnostico importante. L'ecocardiografia standard potrebbe non essere praticabile nelle 
regioni ad alta prevalenza a causa dei costi elevati, della complessità e della durata 
dell'indagine. L'ecocardiografia portatile potrebbe rappresentare un'alternativa a basso costo 
e di facile utilizzo, ma è necessario approfondire ulteriormente la sua efficacia nello screening 
e nella diagnosi della febbre reumatica e della cardiopatia reumatica. 
Metodi: Abbiamo effettuato una ricerca su Embase, MEDLINE, LILACS e ‘Conference 
Proceedings Citation Index-Science’ fino al 9 febbraio 2024, per studi sull'efficacia dello 
screening e della diagnosi della RF e della cardiopatia reumatica focalizzati nell’uso della 
ecocardiografia standard e della ecocardiografia portatile in aree ad alta prevalenza. Abbiamo 
incluso tutti gli studi con dati utilizzabili in cui le prestazioni diagnostiche del test indice sono 
state valutate rispetto a un test di riferimento. I dati sull'accuratezza del test nella diagnosi di 
malattia cardiaca reumatica, febbre reumatica acuta o cardite con febbre reumatica acuta 
(endpoint primari) sono stati estratti da articoli pubblicati o calcolati, contattando gli autori 
se necessario. La qualità delle prove è stata valutata utilizzando i criteri GRADE e QUADAS-2. 
Abbiamo riassunto le statistiche di accuratezza diagnostica (incluse sensibilità e specificità) e 
abbiamo stimato IC al 95% utilizzando un modello bivariato a effetti casuali (o modelli 
univariati a effetti casuali per analisi con tre o meno studi). L'area sotto la curva (AUC) è stata 
calcolata dalle curve sommarie delle caratteristiche operative del ricevitore. L'eterogeneità è 
stata valutata mediante ispezione visiva dei grafici. Questo studio è stato registrato su 
PROSPERO (CRD42022344081). 
Risultati: Tra i 4.868 documenti emersi dalla ricerca, abbiamo identificato e incluso 11 studi e 
2 ulteriori documenti, comprendenti un totale di 15.578 partecipanti. La combinazione 
statistica di tali dati ha mostrato che l'ecocardiografia portatile registra un alto grado 
sensibilità, specificità e accuratezza complessiva nella diagnosi della cardiopatia reumatica 
rispetto alla ecocardiografia standard (sensibilità 0,87, IC del 95% 0,76-0,93; specificità 0,98, 
IC del 95% 0,71-1,00 e AUC 0,94, IC del 95% 0,84-1,00; 2 studi; certezza moderata delle prove), 
con prestazioni migliori nella diagnosi della cardiopatia reumatica definita rispetto a quella 
borderline. Inoltre, è stata osservata un'alta sensibilità, specificità e accuratezza complessiva 
nello screening della cardiopatia reumatica quando si combinano i dati della ecocardiografia 
portatile vs l'ecocardiografia standard (sensibilità 0,79, IC del 95% 0,73-0,84; specificità 0,85, 
IC del 95% 0,80-0,89 e AUC 0,90, IC del 95% 0,85-0,94; 7 studi; certezza elevata). La maggior 
parte degli studi presentava complessivamente un basso rischio di bias. È stata osservata una 
certa eterogeneità per sensibilità e specificità tra gli studi, possibilmente influenzata dalle 
differenze nella prevalenza e gravità della malattia cardiaca reumatica, e dal livello di 
formazione o esperienza degli operatori non esperti. 
Interpretazione: L'ecocardiografia portatile presenta un'alta accuratezza e prestazioni 
diagnostiche rispetto alla ecocardiografia standard sia per la diagnosi che per lo screening 
della cardiopatia reumatica in aree ad alta prevalenza. 
Finanziamento: Organizzazione Mondiale della Sanità 
Protocollo PROSPERO: CRD42022344081 
 

https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.crd.york.ac.uk%2Fprospero%2Fdisplay_record.php%3FID%3DCRD42022344081&data=05%7C02%7Cr.providencia%40ucl.ac.uk%7Cfeb94bbc78bf4e51969908dc36a55f5b%7C1faf88fea9984c5b93c9210a11d9a5c2%7C0%7C0%7C638445331111130247%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=6TLP8vNjJu1KwSxNodMs0%2F0AClWnAJ0%2FgYTup5%2BGUW0%3D&reserved=0
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 یفارگویدراکوکا و تساھ نآ تفرشیپ زا یریگشیپ دیلک ،یبلق مسیتامور یرامیب و داح یمسیتامور بت ماگمھدوز صیخشت :ھنیمز
 یفارگویدراکوکا یریگراک ھب ناکما ،تسلااب یرامیب نیا عویش ھک ییاھاج رد لاح نیا اب .دراد صیخشت نیا رد یمھم شقن
 Handheld( یتسد یفارگویدراکوکا .تسین نکمم یناسآ ھب ،یسررب یارب مزلا نامز و یگدیچیپ ،لااب ھنیزھ لیلد ھب درادناتسا

Echocardiography( یارب نآ درکلمع یلو دشاب درادناتسا یوکا یارب دربراک رظن زا ناسآ و ھنیزھ مک ینیشناج دناوت یم 
 .تسا رتشیب یسررب دنمزاین یبلق مسیتامور یرامیب و داح یمسیتامور بت صیخشت و یرگلابرغ

 و درادناتسا یوکا ،)سکدنیا تست( یتسد یوکا ھسیاقم ھب ھک ییاھ شھوژپ ام ،زیلانآاتم و کیتامتسیس رورم نیا رد :اھ شور
 قطانم رد یبلق مسیتامور یرامیب و داح یمسیتامور بت صیخشت و یرگلابرغ یارب )سنرفر یاھ تست( نشیتلوکسآ ای یبط یشوگ
 یروآدرگ 2024 ھیروف 9 رد یملع یاھ سنارفنک هدیکچ ھیامن و سکلیلا ،نیلادم ،سیبما یوجتسج اب ار دنزادرپ یم لااب عویش اب
 یم ھسیاقم سنرفر تست ربارب رد ار سکدنیا تست یصیخشت درکلمع و دنتشاد یا هدافتسا لباق یاھ هداد ھک یتاعلاطم .میدرک
 بلق باھتلا ای ،یبلق مسیتامور یرامیب ،داح یمسیتامور بت صیخشت رد یصیخشت تقد یاھ هداد .دندش ام یسررب دراو ،دندرک
 تلااقم ناگدنسیون اب زاین تروص رد و دندش ھبساحم ای جارختسا تاعلاطم زا )ھیلوا یاھدمایپ( داح یمسیتامور بت اب )سیتیادراک(
 تقد یاھ هرامآ .دش یسررب )QUADAS-2( 2-ساداوک و )GRADE( دیرگ زا هدافتسا اب دھاوش نانیمطا و تیفیک .دش ھتفرگ سامت
 لدم ای( هریغتمود یفداصت تارثا لدم زا هدافتسا اب %95 نانیمطا ھلصاف اب و ھصلاخ ار )یگژیو و تیساسح لماش( یصیخشت
 زا )AUC( رادومن ریز حطس .میدرک دروآرب )دندوب رتمک اب ھعلاطم ھس یاراد ھک ییاھ لیلحت یارب هریغتم کت یفداصت تارثا

 نیا .دش یسررب اھرادومن ھب هاگن اب تاعلاطم ینگمھان .دش ھبحاصم )ROC( متسیس درکلمع ھصخشم ینحنم یاھرادومن ھصلاخ
 .)CRD42022344081( دش تبث PROSPERO رتسیجر رد ماجنا زا شیپ ھعلاطم

 رصحنم هدننک تکرش 15578 یاھ هداد ھک شرازگ ود و شھوژپ 11 ،وجتسج زا هدمآ تسد ھب دروکر 4868 یسررب اب :اھ ھتفای
 یوکا اب ھسیاقم رد یتسد یوکا یلااب تقد و یگژیو ،تیساسح زا ناشن اھ ھتفای .دمآ تسد ھب ،دندوب هدرک یروآدرگ ار درف ھب
 ریز ھیحان و 1.0-0.71 %95 نانیمطا ھلصاف اب 0.98 یگژیو ،0.93-0.76 %95 نانیمطا ھلصاف اب 0.87 تیساسح( درادناتسا
 یارب یرتھب درکلمع و )تسا طسوتم دھاوش نیا ھب نانیمطا ؛شھوژپ ود ھیاپ رب ؛1.0-0.84 %95 نانیمطا ھلصاف اب 0.94 رادومن
 ،درادناتسا یوکا اب ھسیاقم رد یتسد یوکا .یزرم یبلق مسیتامور یرامیب یارب ات تشاد یعطق یبلق مسیتامور یرامیب صیخشت

-0.73 %95 نانیمطا ھلصاف اب 0.79 تیساسح( تشاد یبلق مسیتامور یرامیب یرگلابرغ یارب ییلااب تقد و یگژیو ،تیساسح
 رب ؛0.94-0.85 %95 نانیمطا ھلصاف اب 0.90 رادومن ریز ھیحان و 0.89-0.80 %95 نانیمطا ھلصاف اب 0.85 یگژیو ،0.84

 تیساسح یارب ینگمھان یمک .دنتشاد ینییاپ یلک یریگوس رطخ تاعلاطم رتشیب .)تسلااب دھاوش نیا ھب نانیمطا ؛شھوژپ تفھ ھیاپ
 صصختمریغ ناربراک ھبرجت و شزومآ حطس و ،یبلق مسیتامور یرامیب تدش و عویش اب لاامتحا ھک دش هدید تاعلاطم نیب یگژیو و
 .تسا طبترم اھ هاگتسد

 مسیتامور یرامیب یرگلابرغ و صیخشت یارب درادناتسا یوکا اب ھسیاقم رد ییلااب یصیخشت درکلمع و تقد یتسد یوکا :ریسفت
 .دراد لااب عویش اب قطانم رد یبلق
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Contexto: A deteção precoce ou o diagnóstico da febre reumática aguda e da doença cardíaca 
reumática é fundamental para evitar a progressão, tendo a ecocardiografia um papel diagnóstico 
importante. A ecocardiografia padrão pode não ser viável em regiões de alta prevalência devido ao 
alto custo, complexidade e duração da investigação. A ecocardiografia portátil pode ser uma 
alternativa de baixo custo e fácil utilização, mas seu desempenho para rastreio e diagnóstico de febre 
reumática aguda e doença cardíaca reumática necessita ser investigado com maior detalhe.  
Métodos: Pesquisamos na Embase, MEDLINE, LILACS e no Índice de Citações de Atas de Conferências-
Ciência até 9 de Fevereiro de 2024, estudos sobre triagem e diagnóstico de febre reumática aguda e 
doença cardíaca reumática usando ecocardiografia portátil (teste índice) ou ecocardiografia padrão 
ou auscultação (testes de referência) em áreas de alta prevalência.  
Incluímos todos os estudos com dados utilizáveis nos quais o desempenho diagnóstico do teste índice 
foi avaliado em relação a um teste de referência. Os dados sobre a precisão do teste no diagnóstico 
de doença cardíaca reumática, febre reumática aguda ou cardite com febre reumática aguda 
(endpoints primários) foram extraídos de artigos publicados ou calculados, tendo os autores sido 
contatados conforme necessário. A qualidade da evidência foi avaliada usando os critérios GRADE e 
QUADAS-2. Resumimos estatísticas de precisão diagnóstica (incluindo sensibilidade e especificidade) 
e estimámos ICs de 95% usando um modelo bivariado de efeitos aleatórios (ou modelos univariados 
de efeitos aleatórios para análises com três ou menos estudos). A área sob a curva (AUC) foi calculada 
a partir de curvas resumidas de característica operacional do receptor. A heterogeneidade foi avaliada 
pela inspeção visual dos gráficos. Este estudo foi registrado no PROSPERO (CRD42022344081). 
Resultados: De 4.868 registos, identificámos 11 estudos e 2 relatórios adicionais, totalizando 15.578 
participantes únicos. Os dados agrupados mostraram que a ecocardiografia portátil apresentou alta 
sensibilidade (0,87 [IC 95%: 0,76–0,93]), especificidade (0,98 [0,71–1,00]), e precisão geral alta (AUC 
0,94 [0,84–1,00]) para o diagnóstico da doença cardíaca reumática em comparação com a 
ecocardiografia padrão (dois estudos; nível de certeza moderado), com melhor desempenho para o 
diagnóstico de doença cardíaca reumática definitiva em comparação com a doença cardíaca reumática 
borderline. Elevada sensibilidade (0,79 [0,73–0,84]), especificidade (0,85 [0,80–0,89]), e precisão geral 
(AUC 0,90 [0,85–0,94]) para o rastreamento da doença cardíaca reumática foram observadas ao 
agrupar dados de ecocardiografia portátil versus ecocardiografia padrão (sete estudos; nível de 
certeza elevado). A maioria dos estudos apresentou um baixo risco de viés global. Observámos alguma 
heterogeneidade para sensibilidade e especificidade entre estudos, possivelmente devido a 
diferenças na prevalência e gravidade da doença cardíaca reumática, e no nível de treino ou expertise 
dos operadores não especialistas. 
Interpretação: A ecocardiografia portátil tem elevada precisão e desempenho diagnóstico quando 
comparado com a ecocardiografia padrão tanto para diagnóstico quanto para rastreio de doença 
cardíaca reumática em áreas de alta prevalência. 
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Antecedentes: La detección temprana o el diagnóstico de la fiebre reumática, (también conocido 
como reumatismo articular agudo) y la enfermedad reumática del corazón son clave para prevenir la 
progresión, y la ecocardiografía tiene un papel diagnóstico importante. La ecocardiografía estándar 
puede no ser factible en regiones de alta prevalencia debido al alto costo, la complejidad y la duración 
de la investigación. La ecocardiografía portátil puede ser una alternativa de bajo costo fácil de usar, 
pero su rendimiento para la detección y diagnóstico de fiebre reumática y enfermedad reumática del 
corazón necesita ser investigado más a fondo.  
Métodos: Buscamos en Embase, MEDLINE, LILACS y el Índice de Citas de Actas de Conferencias-Ciencia 
hasta el 9 de Febrero de 2024, estudios sobre la detección y diagnóstico de fiebre reumática y 
enfermedad reumática del corazón utilizando ecocardiografía estándar y ecocardiografía portátil en 
áreas de alta prevalencia.  
Incluimos todos los estudios con datos utilizables en los cuales se evaluó el rendimiento diagnóstico 
de la prueba índice en relación con una prueba de referencia. Los datos sobre la precisión de la prueba 
en el diagnóstico de enfermedad cardíaca reumática, fiebre reumática aguda o carditis con fiebre 
reumática aguda (puntos finales primarios) fueron extraídos de artículos publicados o calculados, y se 
contactó a los autores según fuera necesario. La calidad de la evidencia fue evaluada utilizando los 
criterios GRADE y QUADAS-2. Resumimos estadísticas de precisión diagnóstica (incluyendo 
sensibilidad y especificidad) y estimamos intervalos de confianza del 95% utilizando un modelo 
bivariado de efectos aleatorios (o modelos univariados de efectos aleatorios para análisis con tres o 
menos estudios). El área bajo la curva (AUC) fue calculada a partir de curvas resumidas de 
característica operativa del receptor. La heterogeneidad fue evaluada mediante inspección visual de 
gráficos. Este estudio fue registrado en PROSPERO (CRD42022344081). 
Hallazgos: De 4,868 registros identificamos 11 estudios y 2 informes adicionales, que comprenden un 
total de 15,578 participantes únicos. Los datos agrupados mostraron que ecocardiografía portátil 
tiene una alta sensibilidad, especificidad y precisión general para diagnosticar enfermedad reumática 
del corazón en comparación con ecocardiografía estándar (sensibilidad 0.87, 95% CI 0.76-0.93, 
especificidad 0.98 95% CI 0.71-1.00 & AUC 0.94, 95% CI 0.84-1.00; 2 estudios; certeza de evidencia 
moderada), con un mejor rendimiento para diagnosticar enfermedad reumática del corazón definitiva 
que enfermedad reumática del corazón borderline. Se observó una alta sensibilidad, especificidad y 
precisión general para rastrear enfermedad reumática del corazón al agrupar datos de ecocardiografía 
portátil vs ecocardiografía estándar (sensibilidad 0.79, 95% CI 0.73-0.84, especificidad 0.85, 95% CI 
0.80-0.89 & AUC 0.90, 95% CI 0.85-0.94; 7 estudios; certeza alta). La mayoría de los estudios tuvieron 
un bajo riesgo de sesgo en general. Se observó cierta heterogeneidad en la sensibilidad y especificidad 
entre los estudios, posiblemente impulsada por diferencias en la prevalencia y gravedad de la 
enfermedad reumática del corazón, y el nivel de capacitación o experiencia de los operadores no 
expertos. 
Interpretación: La ecocardiografía portátil tiene una alta precisión y rendimiento diagnóstico en 
comparación con ecocardiografía estándar tanto para diagnosticar como para la rastrear 
enfermedad reumática del corazón en áreas de alta prevalencia. 
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منظرپس

کوقدمیپیشکیبیماریتاکہہےہوتیکلیدیتعیناورتشخیصجلدکیبیماریکیدلریومیٹکاوربخارریومیٹکشدید
میںعلاقوںپذیروقوعاعلیایکوکارڈیوگرافیمعیاریہے۔اہمکردارتشخیصیکاایکوکارڈیوگرافیاورسکے،جاروکا
والیپکڑنےسےہاتھہے۔ہوتیضرورتکیوقتاورپیچیدگی،لاگت،زیادہکیاسکیونکہسکتیہونہیںممکن

کیبیماریکیدلریومیٹکاوربخارریومیٹکشدیدلیکنہے،سکتیہومتبادلکالاگتکمآسان،ایکایکوکارڈیوگرافی
ہے۔ضرورتکیتحقیقمزیدکیکارکردگیکیاسلیےکےاسکریننگاورتشخیص

کارطریقہ

انڈیکس—سائنسسائٹیشنپروسیڈنگزکانفرنساورلیلاکس،میڈلائن،ایمبیس،نےہممیں،میٹا-تجزیہاورجائزہنظامتیاس
آسکلٹیشنیاایکوکارڈیوگرافیمعیارییاٹیسٹ()انڈیکسایکوکارڈیوگرافیوالیپکڑنےسےہاتھتک،۲۰۲۴فروری۹میں

کےتشخیصاوراسکریننگکیبیماریکیدلریومیٹکاوربخارریومیٹکشدیدہوئےکرتےاستعمالکاٹیسٹ()حوالہ
ٹیسٹانڈیکسمیںجستھاڈیٹاوالاہونےاستعمالمیںجنکیاشاملکومطالعاتتماماننےہمکیا۔تلاشلیےکےمطالعات

شدیدیابخار،ریومیٹکشدیدبیماری،کیدلریومیٹکتھا۔گیالیاجائزہخلافکےٹیسٹحوالہکاکارکردگیتشخیصیکی
گیانکالاسےمقالاتشدہشائعکوڈیٹاکےصحتکیٹیسٹمیںتشخیصکینتائج()اولینکارڈیٹسساتھکےبخارریومیٹک

٢-QUADASاورGRADEجائزہکامعیارکیشواہدگیا۔کیارابطہسےمصنفینپرپڑنےضرورتگیا،لگایاحسابیا
خلاصہکوخصوصیت(اورحساسیت)بشمولشمارواعدادکےصحتتشخیصینےہمگیا۔لیاکرکےاستعمالکامعیارات

بےمتغیرییکلیےکےتجزیاتکےمطالعاتکمیاتین)یاماڈلاثراتترتیببےمتغیریدوتخمینہکاCIs%۹۵اورکیا
سےمنحنیوںخصوصیتآپریٹنگریسیورخلاصہکو(AUC)کرودیانڈرایریالگایا۔کرکےاستعمالکاماڈل(اثراتترتیب
PROSPEROکومطالعہاسگیا۔کیاحساب (CRD۴۲۰۲۲۳۴۴۰۸۱)تھا۔گیاکیارجسٹرساتھکے

نتائج

شاملشرکاءمنفرد۱۵,۵۷۸میںجسکی،شناختکیرپورٹساضافیدواورمطالعات،۱۱نےہمسےمیںریکارڈز۴۸۶۸
CI%۹۵]۸۷).اعلیحساسیتکیایکوکارڈیوگرافیوالیپکڑنےسےہاتھکہدکھایانےڈیٹاپولتھے۔ ۰.۷۶–۰.۹۳,)]

CI%۹۵]۹۸).خصوصیت AUC)صحتاعلیکلاور[(,۱.۰۰–۰.۷۱ ۰.۹۴ [۹۵% CI کیدلریومیٹک[(۱.۰۰–۰.۸۴
ساتھکےدہانییقینمعتدلمطالعات؛)دوگئیدکھائیمیںمقابلےکےایکوکارڈیوگرافیمعیاریلیےکےتشخیصکیبیماری
۷۹).درجہاعلیکیحساسیتدکھائی۔کارکردگیبہترمیںمقابلےکےتشخیصکیبیماریکیدلریومیٹکیکساںشواہد(,

[۹۵%CI CI%۹۵]۸۵).خصوصیت[(,۰.۸۴–۰.۷۳ AUC)صحتکلاور[(,۰.۸۹–۰.۸۰ ۰.۹۰ [۹۵% CI
کاایکوکارڈیوگرافیوالیپکڑنےسےہاتھجبگئیدیکھیلیےکےاسکریننگکیبیماریکیدلریومیٹک[(۰.۹۴–۰.۸۵

مطالعاتترشواہد(.زیادہساتھکےدہانییقیناعلیمطالعات؛)ساتگیاکیاپولمیںمقابلےکےایکوکارڈیوگرافیمعیاریڈیٹا
سےلحاظکےتخصصاورحساسیتمیںمطالعاتمختلفآہنگیہمکچھتھا۔کمخطرہکاتعصبپرطورمجموعیمیں

سطحکیمہارتیاتربیتکیآپریٹرزماہرغیراورشدت،اورموجودگیکیبیماریکیدلریومیٹکشایدجوگئی،دیکھی
تھی۔سےوجہکیاختلافاتمیں

تفسیر

ایکوکارڈیوگرافیمعیاریاسےجبہےاعلیکارکردگیاسکریننگاورتشخیصیکیایکوکارڈیوگرافیوالیپکڑنےسےہاتھ
پذیروقوعاعلیلیےکےاسکریننگاورتشخیصکیبیماریکیدلریومیٹکخصوصاًہے،جاتاکیاموازنہساتھکے

میں۔علاقوں
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Search Strategies 
 
Search strategies were developed by consulting the clinicians, controlled vocabularies (Medical Subject 

Headings=MeSH and Excerpta Medica Tree=Emtree), literature review, and test search results. Based on the 

recommendations from the 2nd edition of the Cochrane Handbook for Systematic Reviews of Diagnostic Test Accuracy 

(Deeks 2022), the searches were balanced between sensitivity and specificity of the search results without applying a 

methodological search filter. Furthermore, the search was not limited to publication date, publication language, 

publication status, or document type.  

 

The search strategies were peer-reviewed by a second Information Specialist (FP) before the final run. The searches 

were run, documented, and reported by a senior information scientist (FS).  

 

The search results were imported into EndNote 20. After removal of duplicates, the remaining records were imported 

into Rayyan for double-blind screening by two reviewers (TK, FZ). The blinding was inactivated when the screening 

was finished to resolve the conflicts by a third reviewer (FS). 

 

Database: Embase <1974 to 2024 February 9> 

1     Rheumatic Fever/ or (Rheumatic Fever* or Rheumatoid Fever*).mp. (10135) 

2     exp *Echocardiography/ or exp *Doppler Echocardiography/ or *Color Doppler Echocardiography/ or *Pulsed 

Doppler Echocardiography/ or exp *Speckle Tracking Echocardiography/ or exp *Stress Echocardiography/ or 

*Contrast Echocardiography/ or *Four Dimensional Echocardiography/ or *Intracardiac Echocardiography/ or *M 

Mode Echocardiography/ or *Three Dimensional Echocardiography/ or *Tissue Doppler Imaging/ or *Transesophageal 

Echocardiography/ or *Transthoracic Echocardiography/ or *Two Dimensional Echocardiography/ or *Three 

Dimensional Speckle Tracking Echocardiography/ or *Two Dimensional Speckle Tracking Echocardiography/ or 

*Dobutamine Stress Echocardiography/ or *Exercise Stress Echocardiography/ or (Echocardiogra* or Doppler or 

Cardiac Echogra* or Cardiac Scan* or Cardial Echogra* or Cardioechogra* or Echo Cardiogra* or Heart Echo Sounding 

or Heart Echograph* or Heart Scan* or Myocardium Scan* or Ultrasound Cardiogra* or Intra-Cardiac Ultrasound or 

Intracardiac Echo or Intracardiac Ultrasound or Echo Stress Test or Stress Echo Test or Stress MCE).mp. (672591) 

3     1 and 2 (1770) 

4     (rat or rats or mouse or mice or swine or porcine or murine or sheep or lambs or pigs or piglets or rabbit or rabbits 

or cat or cats or dog or dogs or cattle or bovine or monkey or monkeys or trout or marmoset$1).ti. and animal experiment/ 

(1240111) 

5     Animal experiment/ not (human experiment/ or human/) (2606142) 

6     4 or 5 (2677577) 

7     3 not 6 (1764) 

 

Database: Ovid MEDLINE(R) ALL <1946 to February 9, 2024> 

1     Rheumatic Heart Disease/ or exp Rheumatic Fever/ or (Rheumatic Card* or Rheumatic Fever* or Rheumatic Heart 

or Rheumatoid Fever* or Rheumatic Valv* or Rheumatic Pancarditis or Rheumatic Endocarditis or Rheumatic 

Myocarditis or Rheumatic Pericarditis or Rheumatoid Pancarditis or Rheumatoid Endocarditis or Rheumatoid 

Myocarditis or Rheumatoid Pericarditis or Rheumatoid Card* or Rheumatoid Heart or Rheumatoid Valv*).mp. (26562) 

2     exp Echocardiography/ or exp Echocardiography, Doppler/ or Echocardiography, Three-Dimensional/ or 

Echocardiography, Doppler, Color/ or Echocardiography, Doppler, Pulsedor/ or Echocardiography, Stress/ or 

Echocardiography, Four-Dimensional/ or Echocardiography, Transesophageal/ or (Echocardiogra* or Doppler or 

Cardiac Echogra* or Cardiac Scan* or Cardial Echogra* or Cardioechogra* or Echo Cardiogra* or Heart Echo Sounding 

or Heart Echograph* or Heart Scan* or Myocardium Scan* or Ultrasound Cardiogra* or Intra-Cardiac Ultrasound or 

Intracardiac Echo or Intracardiac Ultrasound or Echo Stress Test or Stress Echo Test or Stress MCE).mp. (343170) 

3     1 and 2 (2887) 

4     exp Animals/ not Humans.sh. (5194870) 

5     3 not 4 (2884) 

 

Conference Proceedings Citation Index-Science (CPCI-S; 1990 - to February 9, 2024) 

(Rheumatic Card* or Rheumatic Fever* or Rheumatic Heart or Rheumatoid Fever* or Rheumatic Valv* or Rheumatic 

Pancarditis or Rheumatic Endocarditis or Rheumatic Myocarditis or Rheumatic Pericarditis or Rheumatoid Pancarditis 

or Rheumatoid Endocarditis or Rheumatoid Myocarditis or Rheumatoid Pericarditis or Rheumatoid Card* or 

Rheumatoid Heart or Rheumatoid Valv*) AND (Echocardiogra* or Doppler or Cardiac Echogra* or Cardiac Scan* or 

Cardial Echogra* or Cardioechogra* or Echo Cardiogra* or Heart Echo Sounding or Heart Echograph* or Heart Scan* 

or Myocardium Scan* or Ultrasound Cardiogra* or Intra-Cardiac Ultrasound or Intracardiac Echo or Intracardiac 

Ultrasound or Echo Stress Test or Stress Echo Test or Stress MCE) (Topic) 186 



 

Latin American and Caribbean Health Sciences Literature (LILAC; 1990 - to January 2024) 

("febre reumatica" OR "cardite reumatica" OR "cardiopatia reumatica" OR "pancardite reumatica" OR "miocardite 

reumatica" OR "endocardite reumatica" ) AND ("ecocardiogra*" OR "Doppler" OR "ultrasso*") AND ( 

db:("LILACS")) (Título, resumo, assunto) 34 

 

  



Data extraction & Quality assessment 
 
Data extraction 

The following data were extracted from all studies (FZ) and double-checked by an independent reviewer (TK).  

• Study characteristics: authors, year of publication, country, study design, sample size, study period, setting, 

patient selection (random/ consecutive); 

• Patient characteristics: patient type, age, gender, follow-up period; 

• Index test details: HHE device used (i.e., VScan, Sonoheart, Optigo, Acuson P10, Lumify etc.), level of 

experience of the sonographer, diagnostic criteria etc; 

• Reference test details: reference test (clinical/SE); 

• Outcome-related data: sensitivity and specificity directly from papers (if not available, this was calculated from 

the true positives, false positives, true negatives, and false negatives in the 2 × 2 tables), any adverse event (deaths, 

complication), time to diagnosis (mean and standard deviation – SD), acceptability to provider and patient 

Authors of the studies were contacted on an as-required basis to obtain the data or information. 

 

Quality assessment 

The methodological quality of the included studies was assessed using the Quality Assessment of Diagnostic Accuracy 

Studies-2 (QUADAS-2) tool [1]. The QUADAS-2 checklist consists of four domains: (i) patient selection, (ii) index 

test, (iii) reference standard and (iv) flow and timing, each of which is further divided into sub-items. Each domain was 

scored as ‘yes’ (positive assessment, high quality), ‘no’ (negative assessment, low quality), or ‘unclear’. Disagreements 

between the two appraisers (RP & JB) were resolved by consensus or via a third party (MA). 

GRADE methodology 

The certainty of the evidence was rated using the GRADE methodology for diagnostic tests [2-4]. We used GRADEpro 

to create this table for the diagnostic question. The five domains (risk of bias, indirectness, inconsistency, imprecision, 

and publication bias) were judged as without concerns, with serious concerns, or with very serious concerns. The reason 

for each of the five domains was judged as not serious, serious (downgraded by one level), or very serious (downgraded 

by two levels) were documented. 

 

 

References: 
1.  Whiting PF, Rutjes AW, Westwood ME, Mallett S, Deeks JJ, Reitsma JB, Leeflang MMG, Sterne JAC, Bossuyt PMM; 

QUADAS-2 Group. QUADAS-2: a revised tool for the quality assessment of diagnostic accuracy studies. Ann Internal 

Med. 2011;155:529-536. 

2.  GRADEpro, G. (2015). GRADEpro GDT: GRADEpro Guideline Development Tool (Software). McMaster University, 

2015 (developed by Evidence Prime, Inc.). 

3.  Schünemann HJ, Oxman AD, Brozek J, Glasziou P, Jaeschke R, Vist GE, Williams Jr JW, Kunz R, Craig J, Montori VM, 

Bossuyt P, Guyatt GH; GRADE Working Group. Grading quality of evidence and strength of recommendations for 

diagnostic tests and strategies. BMJ. 2008;336:1106-1110.  

4.  Singh S, Chang SM, Matchar DB, Bass EB. Chapter 7: Grading a body of evidence on diagnostic tests. J Gen Intern Med. 

2012;27(Suppl 1):S47-55. 

  



Training of Non-Experts 
 

Beaton 2016 
Non-Experts:  Six nonexperts with a variety of health care backgrounds (2 nurses, 2 biotechnicians, and 2 medical 

students) and practical experience obtaining echocardiographic images (4 with 6 weeks and 2 with 1 year) participated 

in the study. 

Educational Training and content: A previously published simplified RHD screening protocol was taught, and 

participants performed limited echocardiograms and interpreted them as screen positive or negative. 

The 3-week self-directed educational period was followed by field-testing of school-based echocardiographic screening 

using HHE. The educational program focused on self-directed, computer-based modules translated into Portuguese that 

could be completed asynchronously at the participants’ convenience without support from expert staff. Lessons were 

assigned for 3 consecutive weeks. Midweek, participants received a personalized quiz link through their email, including 

25 to 50 multiple choice and true/false questions generated using the survey feature of REDCap, an electronic data 

capture tool hosted at Children’s National Health System. Participants received scores through their email within 24 

hours of quiz completion, and if they scored <85%, they were asked to recomplete the week’s educational module. 

During week 1, Six of the WiRED International Echocardiographic Diagnosis of RHD “Nurse Training Modules” 

(freely available at https://www.wiredhealthresources.net/EchoProject/index.html  ) were used for teaching on the 

background of RHD screening, the 2012 WHF criteria, and measurement of mitral and aortic regurgitation.  

Education during weeks 2 and 3 used self-guided PowerPoint presentations and an image library, a file of HHE studies 

through cloud image sharing and access to proprietary software program (General Electric Gateway, Milwaukee, 

Wisconsin) that allowed them to interact with the images to freeze, play, scroll, and perform measurements. 

Practical Training: Observational and hands-on training on acquiring echocardiographic images with approximately 60 

hours of training over 6 weeks. This training did not include image interpretation or field experience. 

 

Francis 2021 
Non-Experts:  Eighteen people were offered training: six paediatric doctor trainees, four nurses and eight community 
workers. Non-expert practitioners were identified from Timor-Leste and the Northern territories, with emphasis on 
selecting people from the communities that would be involved in the study.  
Educational Training and content: Participants were required to complete 10 modules of an online course in the 
echocardiographic diagnosis of RHD prior to face-to-face training. 
Participants were encouraged to to attend a five-day face-to-face course of intensive training at Menzies School of 
Health Research and NT Cardiac in Darwin, Australia  
Practical Training: Face-to-face practical training delivered over 6 days by cardiac sonographers and cardiologists with 
expertise in the diagnosis of RHD. Most participants spoke English as a second language and were taught single 
parasternal-long-axis view with a sweep of the heart (SPLASH) echocardiography, and to identify any mitral 
regurgitation and/or aortic regurgitation as being abnormal. They were not taught to identify other pathological 
valvular changes, associated with RHD.  
To successfully complete training, nonexpert practitioners had to perform a minimum of 50 supervised SPLASH studies, 
which included volunteers with normal hearts and with RHD, and pass written and practical assessments. 
 

Mirabel 2015 
Non-Experts: Two nurses with no previous experience in echocardiography underwent focused training for the 

recognition of left-sided valve abnormalities.  

Educational Training and content: Theoretical lectures for 3 days to allow the non-experts to a) acquire basic 
knowledge in cardiovascular physiology and cardiac anatomy; b) recognize the long and short axis parasternal, and all 
3 apical transthoracic views, name the four chambers and the four cardiac valves; c) acquire the views in grey scale 
and use Color Doppler; d) recognize morphological changes of the mitral valve (thickening of the anterior leaflet and 
of the chordae, restriction of the posterior and anterior leaflet, prolapse of the tip of the mitral leaflet); e) detect the 
presence of MR or AR; f) measure the maximum MR length using the caliper function on the device. 
Practical Training: 30 hours of 2-to-1 hands-on sessions (normal volunteers + patients) at the echocardiography unit, 

Centre Hospitalier Territorial de Nouvelle Calédonie, Nouméa, New Caledonia. Nurses reviewed a set of 50 of their 
scans with an experienced reader and undertook 12-hours practical of sessions (one to one sessions) addressing the 
pitfalls of each nurse (acquisition, interpretation). 
 

 

Ploutz 2016 
Non-Experts: Two Ugandan nurses with 6 months’ experience in obtaining a limited echocardiography protocol for 

RHD using SE. Already competent in obtaining 2D and colour images in the standard parasternal long, parasternal short, 

https://www.wiredhealthresources.net/EchoProject/index.html


and apical four-chamber views, but without any previous experience in identification of morphological or functional 

abnormalities of left-sided valves.  

Educational Training and content: Training included approximately 4h of physician-directed teaching, using a 

combination of computer-based training modules (WiRED International Echocardiographic Diagnosis of RHD “Nurse 

Training Modules”), didactics and case studies, including information on the use of HHE equipment and on the 

simplified screening approach. Training focused on basic left-sided cardiac anatomy, recognising MR and AR, use of 

the HHE equipment and correct measurement of regurgitant jets using the built-in calliper on the HHE equipment.  

Practical Training: Two-day hands-on session with patients at a RHD clinic. Each nurse performed and interpreted a 

minimum of 50 studies using HHE over these 2 days with 1:1 or 2:1 supervision. 

 

Voleti 2021 
 

Non-Experts: Six novice users from various health-care backgrounds (two nurses, two physicians, one medical student, 

one patient care technician) with no prior echocardiographic experience. 

Educational Training and content: Two weeks before beginning the school health screening programme, all learners 

completed the Wired International ‘Nurse Training Modules’. After the completion of these modules, they took a pre-

designed quiz to assess knowledge acquisition from the modules. Follow-up complementary didactics included review 

of the quiz answers was provided. A 2-day session comprising a total of 8 h was held prior to the first day of the school 

screening programme, during which the Wired Module quizzes, RHD background, diagnosis and pathophysiology were 

reviewed again. 

Practical Training: Two hands-on sessions (1.5 h each) with a local internist, who reviewed practical echocardiography 

skills, adequate probe positioning to acquire necessary images, and interpretation of scans demonstrating MR and AR. 

During the final 2-day session further practical hands-on training with the HHE machines containing the novel 

application was completed. The total time spent in face-to-face, hands-on learner training was approximately 11 h. 

 

Francis 2023 
 

Non-Experts:  Twenty-two people (10 nonspecialist doctors, 6 nurses and 6 community health workers) participated in 

SPLASH echocardiography training after being selected and recommended to the study team by their health service; 13 

were from Timor-Leste and 9 from Australia. Four were Aboriginal Australians. Eighteen had no previous 

echocardiography experience and 4 had participated in Francis 2021.  

Educational Training and content: Participants were required to complete online modules course in the 
echocardiographic diagnosis of RHD prior to face-to-face training. 
Face-to-face training included lectures and practical training delivered over 10 days time period.  
Practical Training: Practical training involved a minimum of 100 supervised SPLASH studies.  
The final assessment included a written examination (21 short-answer questions) and an evaluation of practical skills 
(3 supervised SPLASH echocardiograms assessed as competent, with at least one involving a known RHD patient). 
 

 

Ali 2024 
 

Non-Expert:  Pediatric resident who had undergone study specific training. 
Educational Training and content: N/A 
Practical Training: N/A  



Other Outcomes & Sub-group analyses 

 
Non-reported outcomes 

 

Time to diagnosis was not reported for any of the studies.  

There were no properly designed diagnostic test accuracy studies assessing HHE vs SE for diagnosing ARF, 

or reporting on adverse events, acceptability to provider and patient, or prevention of complications or death. 

 

Average Time per Scan 

 

Beaton et al. 2015 reported that their investigation was conducted over 5 days, comprising 4,773 SE and 1,420 

HHE.  

Mirabel et al. 2015 reported the mean scanning time as 5.9 (SD=1.7) minutes and 7.0 (SD=1.9) minutes for 

two nurses.  

Ploutz et al. 2016 mentioned that each nurse performed and interpreted a minimum of 50 studies using HHE 

over 2 days (assuming 8 hours of work per day, 9.6 minutes per study can be inferred).  

Zuhlke et al. 2016 reported average time to record the images using the HHE as 117 (SD=22) seconds. 

 

Non-reported subgroup analyses 

 

No additional pre-specified subgroup analyses were possible due to lack of data or all studies falling within 

the same category (i.e. all in high prevalence areas and no studies were randomized controlled trials).   

 

  



Figure S-1: SROC curve for diagnosis (panel A) and screening studies (panel B), HHE vs. SE, for any RHD, 
definite RHD and borderline RHD 
 

 

 
 

Legend: Panel A - Legend: AUC for diagnosis studies for any RHD = 0.94 (95%CI 0.84-1.00); AUC for diagnosis studies for definite RHD = 0.99 

(95%CI 0.98-1.00); AUC for diagnosis studies for borderline RHD = 0.92 (95%CI 0.79-1.00). Panel B - AUC for screening studies for any RHD 

= 0.90 (95%CI 0.85-0.94), AUC for screening studies for definite RHD = 0.99 (95%CI 0.75-1.00), AUC for screening studies for borderline RHD 

= 0.88 (0.80-0.99). 

 

  

A

. 

B. 



Table S-1: Table of excluded studies 
Study name Reason for exclusion 

Agnes C. 2023 Not diagnostic test accuracy study. Additional: Abstract; no information on screening method. 

Ali et al. 2018a Not diagnostic test accuracy study. Additional: HHE was used, but SE was used only for assessing 

screen positive patients, hence no accurate info on TP, TN, FP and FN.  

Ali et al. 2018b Not diagnostic test accuracy study. Additional: HHE was used, but SE was used only for assessing 

screen positive patients, hence no accurate info on TP, TN, FP and FN.  

Amade et al. 2023 Not diagnostic test accuracy study. Additional: HHE was used, but no information on SE usage and 

results, hence no info on TP, TN, FP and FN.  

Bastian Junior et al. 1989 Not diagnostic test accuracy study. Additional: not HHE. 

Bechtlufft et al. 2020 Not diagnostic test accuracy study. Additional: study assessed a score that predicted progression of 

borderline RHD. 

Bhavnani et al. 2018 Not diagnostic test accuracy study. Additional: RCT assessing HHE vs standard of care in rheumatic and 

structural heart disease clinics in resource-limited areas. 

Brown et al. 2024 Not diagnostic test accuracy study. Additional: study assessing the use of artificial intelligence to 

improve echocardiographic screening of RHD. 

Diamantino et al. 2018 Duplicate data from 4 studies already included in the review. 

Elazrag et al. 2023 Not diagnostic test accuracy study. Additional: HHE was used, but apparently no subsequent SE was 

performed, hence no info on TP, TN, FP and FN. 

Fareed et al. 2023 Not diagnostic test accuracy study. Additional: not HHE. 

Franco et al. 2022 Not diagnostic test accuracy study. Additional: HHE was used, but SE was used only for assessing 

screen positive patients, hence no accurate info on TP, TN, FP and FN. 

Hosseini et al. 2022 Not diagnostic test accuracy study. Additional: HHE was used, but SE was used only for assessing 

screen positive patients, hence no accurate info on TP, TN, FP and FN. 

Hunter et al. 2021 Not diagnostic test accuracy study. Additional: HHE was used, but SE was used only for assessing 

screen positive patients, hence no accurate info on TP, TN, FP and FN. 

Kaltenborn et al. 2023 Not diagnostic test accuracy study. Additional: HHE was used, but only the number of screen positive 

results with HHE and prior to HHE introduction was compared, hence no info on TP, TN, FP and FN. 

Kazahura et al. 2021 Not diagnostic test accuracy study. Additional: not HHE. 

Mapelli et al. 2022 Not diagnostic test accuracy study. Additional: not HHE. 

Meira et al. 2005 Not diagnostic test accuracy study. Additional: not HHE. 

Meira et al. 2006 Not diagnostic test accuracy study. Additional: not HHE. 

Miranda et al. 2014 Not diagnostic test accuracy study. Additional: not HHE. 

Musuku et al. 2018 Not diagnostic test accuracy study. Additional: : HHE was used, but SE was used only for assessing 

screen positive patients, hence no accurate info on TP, TN, FP and FN. 

Nascimento et al. 2021a Not diagnostic test accuracy study. Additional: HHE was used, but SE was used only for assessing 

screen positive patients, hence no accurate info on TP, TN, FP and FN. 

Nascimento et al. 2021b Not diagnostic test accuracy study. Additional: HHE was used, but SE was used only for assessing 

screen positive patients, hence no accurate info on TP, TN, FP and FN. 

Njathi et al. 2023 Not diagnostic test accuracy study. Additional: study assessing the use of artificial intelligence to 

improve echocardiographic screening of RHD. 

Peck et al. 2023 Not diagnostic test accuracy study. Additional: study assessing the use of artificial intelligence to 

improve echocardiographic screening of RHD. 

Regmi et al. 2023 Not diagnostic test accuracy study. Additional: not HHE. 

Roshanitabrizi et al. 2022 Not diagnostic test accuracy study. Additional: study assessing the use of artificial intelligence to 

improve echocardiographic screening of RHD. 

Roshanitabrizi et al. 2023 Not diagnostic test accuracy study. Additional: study assessing the use of artificial intelligence to 

improve echocardiographic screening of RHD. 

Scheel et al. 2019 Not diagnostic test accuracy study. Additional: HHE was used, but SE was used only for assessing 

screen positive patients, hence no accurate info on TP, TN, FP and FN. 

Telford et al. 2018 Protocol for Systematic Review. Telford et al. 2020 

Telford et al. 2020 Systematic Review. Included studies were checked.  

Topçu et al. 2023 Review paper 

Ubels et al. 2020 Not diagnostic test accuracy study. Additional: Modelling study for assessing cost-effectiveness of HHE 

in Brazil. 

Webb et al. 2023 Not diagnostic test accuracy study. Additional: not HHE. 

Wegener et al. 2022 Not diagnostic test accuracy study. Additional: not HHE. 
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Table S-2: Quality Assessment of Diagnostic Accuracy Studies-2 (QUADAS-2) tool 
Diagnostic Studies 

Study Domain   

Beaton et al. 

2014 

Domain 1.  

Patient selection 

 

Patient Sampling Studies recorded during a 2-

week period in September 

2012 included 60 patients 

presenting for follow-up as 

part of a registry and 65 

asymptomatic Ugandan 

schoolchildren who took part 

in an echocardiography-based 

screening program. 

Was a consecutive or random sample of patients enrolled? Yes 

Was a case-control design avoided? No 

Did the study avoid inappropriate exclusions? Yes  

Could the selection of patients have introduced bias? Low risk 

Are there concerns that the included patients do not match 

the review question? 

Low risk 

Domain 2.  

Index Test 

Describe the index test and how it was conducted and 

interpreted 

One pediatric cardiologist 

performed all scans. One 

expert reviewer interpreted all 

echocardiographic images. – 

HHE and SE. 

Were the index test results interpreted without knowledge 

of the results of the reference standard? 

Yes 

If a threshold was used, was it pre-specified? Yes. 2012 WHF criteria. 

Modification for assessing 

MR and AR as no continous 

wave Doppler can be used 

with HHE. 

Could the conduct or interpretation of the index test have 

introduced bias?   

Low risk 

Are there concerns that the index test, its conduct, or 

interpretation differ from the review question? 

Low risk 

Domain 3.  

Reference 

Standard 

Describe the reference standard and how it was conducted 

and interpreted: 

Same pediatric cardiologist 

performed the scans.  

Is the reference standard likely to correctly classify the 

target condition? 

Yes 

Were the reference standard results interpreted without 

knowledge of the results of the index test? 

Unclear 

Could the reference standard, its conduct, or its 

interpretation have introduced bias? 

Low risk 

Are there concerns that the target condition as defined by 

the reference standard does not match the review question? 

Low risk 

Domain 4. 

Flow and Timing 

Describe any patients who did not receive the index test(s) 

and/or reference standard or who were excluded from the 

2x2 table (refer to flow diagram): Describe the time 

interval and any interventions between index test(s) and 

reference standard: 

Unclear 

Was there an appropriate interval between index test(s) and 

reference standard? 

Unclear 

Did all patients receive a reference standard? Yes 

Did all patients receive the same reference standard? Yes 

Were all patients included in the analysis? Unclear 

Could the patient flow have introduced bias? Low Risk 

 
Study Domain   

Zühlke et al. 

2016 

Domain 1.  

Patient selection 

 

Patient Sampling Original sample from a 

screening of 2720 scholars 

from the Vanguard 

communities of Cape Town, 

was then processed into 

nested case–control study for 

assessing HHE’s performance 

for diagnosing subclinical 



RHD. Inclusion from August, 

2013 to September 2014. 

Was a consecutive or random sample of patients enrolled? Yes 

Was a case-control design avoided? No 

Did the study avoid inappropriate exclusions? Yes  

Could the selection of patients have introduced bias? Low risk 

Are there concerns that the included patients do not match 

the review question? 

Low risk 

Domain 2.  

Index Test 

Describe the index test and how it was conducted and 

interpreted 

A single experienced 

cardiologist performed and 

interpreted all scans.  

Were the index test results interpreted without knowledge 

of the results of the reference standard? 

Yes 

If a threshold was used, was it pre-specified? Yes. MR jet length 2cm was 

considered positive. 

Could the conduct or interpretation of the index test have 

introduced bias?   

Low risk 

Are there concerns that the index test, its conduct, or 

interpretation differ from the review question? 

Low risk 

Domain 3.  

Reference 

Standard 

Describe the reference standard and how it was conducted 

and interpreted: 

Same cardiologist performed 

the scans. The 2012 WHF 

criteria were used to diagnose 

RHD. 

Is the reference standard likely to correctly classify the 

target condition? 

Yes 

Were the reference standard results interpreted without 

knowledge of the results of the index test? 

Unclear 

Could the reference standard, its conduct, or its 

interpretation have introduced bias? 

Low risk 

Are there concerns that the target condition as defined by 

the reference standard does not match the review question? 

Low risk 

Domain 4. 

Flow and Timing 

Describe any patients who did not receive the index test(s) 

and/or reference standard or who were excluded from the 

2x2 table (refer to flow diagram): Describe the time 

interval and any interventions between index test(s) and 

reference standard: 

Unclear 

Was there an appropriate interval between index test(s) and 

reference standard? 

Unclear 

Did all patients receive a reference standard? Yes 

Did all patients receive the same reference standard? Yes 

Were all patients included in the analysis? Unclear 

Could the patient flow have introduced bias? Low Risk 

 
Screening Studies 

Study Domain   

Beaton et al. 

2015 

Domain 1.  

Patient selection 

 

Patient Sampling Studies conducted over a 5 

day period in 5 schools in 

Uganda. 

 

Was a consecutive or random sample of patients enrolled? Yes. Ten percent were 

randomly preselected 

(through study ID number) to 

undergo HHE as well as SE.  

Was a case-control design avoided? Yes 

Did the study avoid inappropriate exclusions? Unclear  

Could the selection of patients have introduced bias? Low risk 

Are there concerns that the included patients do not match 

the review question? 

Low risk 

Domain 2.  

Index Test 

Describe the index test and how it was conducted and 

interpreted 

Five attending paediatric 

cardiologists, four paediatric 

cardiology fellows, and three 

senior echocardiography 

technicians performed the 

scans. Those acquiring HHE 

images did so in a separate 



area and were blinded to the 

results of SE. An 11-image 

standardized acquisition 

protocol was used, which was 

identical to the longer SE 

protocol with the exception of 

spectral Doppler. 

Were the index test results interpreted without knowledge 

of the results of the reference standard? 

Yes 

If a threshold was used, was it pre-specified? Yes. 2012 WHF criteria. 

Modification for assessing 

MR and AR as no continous 

wave Doppler can be used 

with HHE 

Could the conduct or interpretation of the index test have 

introduced bias?   

Low risk 

Are there concerns that the index test, its conduct, or 

interpretation differ from the review question? 

Low risk 

Domain 3.  

Reference 

Standard 

Describe the reference standard and how it was conducted 

and interpreted: 

Same team. A 7-image 

acquisition protocol that 

focused on left-sided valve 

pathology and function was 

used for studies not pre-

assigned for a paired HHE. 

An extension protocol of five 

additional images was added 

to this standardized 

acquisition protocol, 

including the addition of 

parasternal short images and 

continuous-wave Doppler 

across the mitral inflow and 

aortic outflow for studies pre-

assigned to the paired HHE 

study, and in any study with 

evidence of MR or AR. 

Images interpreted by 6 

experienced cardiologists in 

the US. Reviewers were 

blinded to the paired SE study 

and the reason for HHE. 

Is the reference standard likely to correctly classify the 

target condition? 

Yes 

Were the reference standard results interpreted without 

knowledge of the results of the index test? 

Yes 

Could the reference standard, its conduct, or its 

interpretation have introduced bias? 

Low risk 

Are there concerns that the target condition as defined by 

the reference standard does not match the review question? 

Low risk 

Domain 4. 

Flow and Timing 

Describe any patients who did not receive the index test(s) 

and/or reference standard or who were excluded from the 

2x2 table (refer to flow diagram): Describe the time 

interval and any interventions between index test(s) and 

reference standard: 

Unclear 

Was there an appropriate interval between index test(s) and 

reference standard? 

Yes 

Did all patients receive a reference standard? Yes 

Did all patients receive the same reference standard? Yes 

Were all patients included in the analysis? Unclear 

Could the patient flow have introduced bias? Low Risk 

 
Study Domain   

Godonow et 

al. 2015  

Domain 1.  

Patient selection 

 

Patient Sampling Children aged 5 to 17 years 

who attended 5 different 

schools in Uganda. A random 



(sub-study of 

Beaton 2015) 

subset (10%) was preselected 

by a unique identification 

number to undergo HHE. In 

addition, any subject with 

detectable MS, MR, AS, or 

AR, was referred for HHE. 

Was a consecutive or random sample of patients enrolled? Yes 

Was a case-control design avoided? Yes 

Did the study avoid inappropriate exclusions? Yes  

Could the selection of patients have introduced bias? Low risk 

Are there concerns that the included patients do not match 

the review question? 

Low risk 

Domain 2.  

Index Test 

Describe the index test and how it was conducted and 

interpreted 

Performed by experienced 

imagers (attending pediatric 

cardiologists, senior 

cardiology fellows, or 

sonographers) blinded to SE 

findings. Same echo protocol 

as SE, with the omission of 

continuous wave Doppler. 

Interpreted by the same 

cardiologists that interpreted 

SE using modified 2012 

WHF criteria. 

Were the index test results interpreted without knowledge 

of the results of the reference standard? 

Yes 

If a threshold was used, was it pre-specified? Modified 2012 WHF criteria 

Could the conduct or interpretation of the index test have 

introduced bias?   

Low risk 

Are there concerns that the index test, its conduct, or 

interpretation differ from the review question? 

Low risk 

Domain 3.  

Reference 

Standard 

Describe the reference standard and how it was conducted 

and interpreted: 

All subjects underwent a 

focused SE examination. 

SE performed by experienced 

imagers (attending pediatric 

cardiologists, senior 

cardiology fellows, or 

sonographers). Focused 

echocardiogram to evaluate 

aortic and mitral valves. 

Is the reference standard likely to correctly classify the 

target condition? 

Yes 

Were the reference standard results interpreted without 

knowledge of the results of the index test? 

All blindly reviewed by 

experienced cardiologists 

using the 2012 WHF criteria. 

A second reader confirmed 

any study with borderline or 

definite RHD, with any 

disagreements adjudicated by 

a third reader. 

Could the reference standard, its conduct, or its 

interpretation have introduced bias? 

Low risk 

Are there concerns that the target condition as defined by 

the reference standard does not match the review question? 

Low risk 

Domain 4. 

Flow and Timing 

Describe any patients who did not receive the index test(s) 

and/or reference standard or who were excluded from the 

2x2 table (refer to flow diagram): Describe the time 

interval and any interventions between index test(s) and 

reference standard: 

Unclear 

Was there an appropriate interval between index test(s) and 

reference standard? 

Unclear 

Did all patients receive a reference standard? Yes 

Did all patients receive the same reference standard? Yes 

Were all patients included in the analysis? Unclear 

Could the patient flow have introduced bias? Low Risk 



 

 
Study Domain   

Lu et al. 2015 

(sub-study of 

Beaton 2015) 

Domain 1.  

Patient selection 

 

Patient Sampling Children aged 5 to 17 years 

from 5 primary schools in 

Uganda. A random subset 

(10%) was preselected by a 

unique identification number 

to undergo HHE. In addition, 

any subject with detectable 

MS, MR, AS, or AR, was 

referred for HHE. 

Was a consecutive or random sample of patients enrolled? Yes 

Was a case-control design avoided? Yes 

Did the study avoid inappropriate exclusions? Yes  

Could the selection of patients have introduced bias? Low risk 

Are there concerns that the included patients do not match 

the review question? 

Low risk 

Domain 2.  

Index Test 

Describe the index test and how it was conducted and 

interpreted 

Performed by experienced 

imagers (pediatric 

cardiologists, fellows, and 

sonographers) blinded to SE 

findings/isolated from SE 

stations. Same echo protocol 

as SE, with the omission of 

continuous wave Doppler. 

Interpreted by the same 

cardiologists that interpreted 

SE using modified 2012 

WHF criteria. 

Were the index test results interpreted without knowledge 

of the results of the reference standard? 

Yes 

If a threshold was used, was it pre-specified? Individual HHE parameters 

were pre-specified and the 

best combination was then 

chosen: MR1.5cm & or any 

AR 

Could the conduct or interpretation of the index test have 

introduced bias?   

Unclear 

Are there concerns that the index test, its conduct, or 

interpretation differ from the review question? 

Low risk 

Domain 3.  

Reference 

Standard 

Describe the reference standard and how it was conducted 

and interpreted: 

All subjects underwent SE 

examination consisting of 13 

clips: parasternal long-axis 

view through the mitral and 

aortic valves, color Doppler 

over the mitral valve, color 

Doppler over the aortic valve, 

apical four-chamber view, 

apical four-chamber view 

with color Doppler over the 

mitral valve, apical five-

chamber or three-chamber 

view, color Doppler over the 

aortic valve, continuous-wave 

Doppler of any MR or AI, 

parasternal short-axis view at 

the levels of the mitral and 

aortic valves, and color 

Doppler across the mitral and 

aortic valves. 

SE was performed by 

experienced imagers 

(attending pediatric 

cardiologists, senior 



cardiology fellows, or 

sonographers). All images 

were read by six experienced 

pediatric cardiologists using 

2012 WHF criteria. 

Is the reference standard likely to correctly classify the 

target condition? 

Yes 

Were the reference standard results interpreted without 

knowledge of the results of the index test? 

All blindly reviewed by 

experienced cardiologists 

using the 2012 WHF criteria. 

A second reader confirmed 

any study with borderline or 

definite RHD, with any 

disagreements adjudicated by 

a third reader. 

Could the reference standard, its conduct, or its 

interpretation have introduced bias? 

Low risk 

Are there concerns that the target condition as defined by 

the reference standard does not match the review question? 

Low risk 

Domain 4. 

Flow and Timing 

Describe any patients who did not receive the index test(s) 

and/or reference standard or who were excluded from the 

2x2 table (refer to flow diagram): Describe the time 

interval and any interventions between index test(s) and 

reference standard: 

Unclear 

Was there an appropriate interval between index test(s) and 

reference standard? 

Unclear 

Did all patients receive a reference standard? Yes 

Did all patients receive the same reference standard? Yes 

Were all patients included in the analysis? Unclear 

Could the patient flow have introduced bias? Low Risk 

 

 

 

 
Study Domain   

Mirabel et al. 

2015 

Domain 1.  

Patient selection 

 

Patient Sampling School children aged 9–10 

years in New Caledonia from 

April to August 2013. 

Each participant underwent 3 

echocardiograms the same 

day in a randomly allocated 

order, blinded to the child’s 

diagnosis and to the other 

sonographer’s findings. 

Was a consecutive or random sample of patients enrolled? Yes 

Was a case-control design avoided? Yes 

Did the study avoid inappropriate exclusions? Yes  

Could the selection of patients have introduced bias? Low risk 

Are there concerns that the included patients do not match 

the review question? 

Low risk 

Domain 2.  

Index Test 

Describe the index test and how it was conducted and 

interpreted 

HHE performed by two 

nurses trained specifically for 

this. Grayscale and color 

Doppler parasternal long axis 

and parasternal short axis, 

apical 4-, 2-, and 3-chamber 

views were acquired. 

Distances were measured 

with the caliper.  

Were the index test results interpreted without knowledge 

of the results of the reference standard? 

Yes 

If a threshold was used, was it pre-specified? The utilized simplified 

criteria consisted of 

combination of of MR jet 

length ≥2.0 cm or any AR and 



was defined in the first part of 

the study 

Could the conduct or interpretation of the index test have 

introduced bias?   

Low risk 

Are there concerns that the index test, its conduct, or 

interpretation differ from the review question? 

Low risk 

Domain 3.  

Reference 

Standard 

Describe the reference standard and how it was conducted 

and interpreted: 

An experienced cardiologist 

performed SE. Parasternal 

long axis and parasternal 

short axis, apical 4-, 2-, and 

3-chamber views were 

acquired and settings 

optimized: grayscale without 

harmonics were recorded in 

the parasternal long-axis view 

for subsequent measurements 

of the anterior mitral leaflet, 

color Doppler was used in all 

views, continuous wave 

Doppler was applied to 

systematically measure the 

mean transmitral gradient and 

if a mitral or aortic 

regurgitant jet was seen on 

color Doppler. 

Is the reference standard likely to correctly classify the 

target condition? 

Yes 

Were the reference standard results interpreted without 

knowledge of the results of the index test? 

All blindly reviewed by an 

experienced reader using the 

2012 WHF criteria.  

Could the reference standard, its conduct, or its 

interpretation have introduced bias? 

Low risk 

Are there concerns that the target condition as defined by 

the reference standard does not match the review question? 

Low risk 

Domain 4. 

Flow and Timing 

Describe any patients who did not receive the index test(s) 

and/or reference standard or who were excluded from the 

2x2 table (refer to flow diagram): Describe the time 

interval and any interventions between index test(s) and 

reference standard: 

Unclear 

Was there an appropriate interval between index test(s) and 

reference standard? 

Unclear 

Did all patients receive a reference standard? Yes 

Did all patients receive the same reference standard? Yes 

Were all patients included in the analysis? Unclear 

Could the patient flow have introduced bias? Low Risk 

 

 
Study Domain   

Beaton et al. 

2016 

Domain 1.  

Patient selection 

 

Patient Sampling Studies recorded in 5 schools  

in Brazil during a 4-day 

period. 

Was a consecutive or random sample of patients enrolled? Yes 

Was a case-control design avoided? Yes 

Did the study avoid inappropriate exclusions? Yes  

Could the selection of patients have introduced bias? Low risk 

Are there concerns that the included patients do not match 

the review question? 

Low risk 

Domain 2.  

Index Test 

Describe the index test and how it was conducted and 

interpreted 

6 non-experts: 2 nurses, 2 

biotechnicians, and 2 medical 

students) and practical 

experience obtaining 

echocardiographic images (4 

with 6 weeks and 2 with 1 

year) and interpreting them. 

Divided into 2 teams of 3, 



and paired with 2 

cardiologists at parallel sites 

Were the index test results interpreted without knowledge 

of the results of the reference standard? 

Yes 

If a threshold was used, was it pre-specified? Yes. MR 1.5 cm and/ or the 

presence of any AR was 

considered screen positive 

Could the conduct or interpretation of the index test have 

introduced bias?   

Low risk 

Are there concerns that the index test, its conduct, or 

interpretation differ from the review question? 

Low risk 

Domain 3.  

Reference 

Standard 

Describe the reference standard and how it was conducted 

and interpreted: 

Two cardiologists 

cardiologist obtaining images 

with a SE and interpreting 

according to the WHF 2012 

criteria.  

Is the reference standard likely to correctly classify the 

target condition? 

Yes 

Were the reference standard results interpreted without 

knowledge of the results of the index test? 

Yes 

Could the reference standard, its conduct, or its 

interpretation have introduced bias? 

Low risk 

Are there concerns that the target condition as defined by 

the reference standard does not match the review question? 

Low risk 

Domain 4. 

Flow and Timing 

Describe any patients who did not receive the index test(s) 

and/or reference standard or who were excluded from the 

2x2 table (refer to flow diagram): Describe the time 

interval and any interventions between index test(s) and 

reference standard: 

All patients received the 

reference test. 25% normal 

scans were randomly selected 

for HHE and all abnormal 

scans were also screened with 

HHE. Non-experts were 

blinded to which group 

patients belonged to. 

Was there an appropriate interval between index test(s) and 

reference standard? 

Yes 

Did all patients receive a reference standard? Yes 

Did all patients receive the same reference standard? Yes 

Were all patients included in the analysis? Unclear 

Could the patient flow have introduced bias? Low Risk 

 

 
Study Domain   

Ploutz et al. 

2016 

Domain 1.  

Patient selection 

 

Patient Sampling June to August 2014 in two 

schools from Uganda. 

Each participant underwent 2 

echocardiograms the same 

day with operators blinded to 

each others findings. 

Was a consecutive or random sample of patients enrolled? Yes 

Was a case-control design avoided? Yes 

Did the study avoid inappropriate exclusions? Yes  

Could the selection of patients have introduced bias? Low risk 

Are there concerns that the included patients do not match 

the review question? 

Low risk 

Domain 2.  

Index Test 

Describe the index test and how it was conducted and 

interpreted 

HHE performed by two non-

experts (nurses). This 

included 2D and colour 

Doppler in the parasternal 

long-axis and apical four-

chamber and five-chamber 

views, with a total of 11–13 

recorded images per 

examination. Measurements 

done with caliper.  

Were the index test results interpreted without knowledge 

of the results of the reference standard? 

Yes. Operators were blinded 

to each other’s findings. 



If a threshold was used, was it pre-specified? A combination of of MR jet 

length ≥1.5 cm or any AR 

was considered a positive 

screen. 

Could the conduct or interpretation of the index test have 

introduced bias?   

Low risk 

Are there concerns that the index test, its conduct, or 

interpretation differ from the review question? 

Low risk 

Domain 3.  

Reference 

Standard 

Describe the reference standard and how it was conducted 

and interpreted: 

SE performed by Senior 

Pediatric Cardiology fellow.  

Is the reference standard likely to correctly classify the 

target condition? 

Yes 

Were the reference standard results interpreted without 

knowledge of the results of the index test? 

Off-line independent 

interpretation by two 

cardiologists with expertise in 

RHD using the 2012 WHF 

criteria. Any disagreement 

between the two reviewers 

was adjudicated by a third 

paediatric cardiologist. 

Could the reference standard, its conduct, or its 

interpretation have introduced bias? 

Low risk 

Are there concerns that the target condition as defined by 

the reference standard does not match the review question? 

Low risk 

Domain 4. 

Flow and Timing 

Describe any patients who did not receive the index test(s) 

and/or reference standard or who were excluded from the 

2x2 table (refer to flow diagram): Describe the time 

interval and any interventions between index test(s) and 

reference standard: 

Unclear 

Was there an appropriate interval between index test(s) and 

reference standard? 

Yes 

Did all patients receive a reference standard? Yes 

Did all patients receive the same reference standard? Yes 

Were all patients included in the analysis? Unclear 

Could the patient flow have introduced bias? Low Risk 

 

 

 
Study Domain   

Francis et al. 

2021 

Domain 1.  

Patient selection 

 

Patient Sampling All participants aged 5 to 20 

presenting to the screening 

sites in Timor-Leste and 

Australia on the day of 

screening. 

Was a consecutive or random sample of patients enrolled? Yes 

Was a case-control design avoided? Yes 

Did the study avoid inappropriate exclusions? Yes  

Could the selection of patients have introduced bias? Low risk 

Are there concerns that the included patients do not match 

the review question? 

Low risk 

Domain 2.  

Index Test 

Describe the index test and how it was conducted and 

interpreted 

Non-experts performing HHE 

to identify presence or 

absence of any MR or AR in 

a single parasternal long-axis 

view. 

Were the index test results interpreted without knowledge 

of the results of the reference standard? 

Yes 

If a threshold was used, was it pre-specified? positive index test was 

defined as any MR and/or AR 

Could the conduct or interpretation of the index test have 

introduced bias?   

Low risk 

Are there concerns that the index test, its conduct, or 

interpretation differ from the review question? 

Low risk 

Domain 3.  Describe the reference standard and how it was conducted 

and interpreted: 

SE performed by cardiologist 

of sonographer with 



Reference 

Standard 

experience in diagnosis of 

RHD. WHF diagnosis criteria 

were used. All abnormal 

cases were reviewed in real 

time by a panel of 3 expert 

echo- cardiographers 

including at least one 

cardiologist to determine a 

consensus diagnosis 

Is the reference standard likely to correctly classify the 

target condition? 

Yes 

Were the reference standard results interpreted without 

knowledge of the results of the index test? 

Unclear 

Could the reference standard, its conduct, or its 

interpretation have introduced bias? 

Low risk 

Are there concerns that the target condition as defined by 

the reference standard does not match the review question? 

Low risk 

Domain 4. 

Flow and Timing 

Describe any patients who did not receive the index test(s) 

and/or reference standard or who were excluded from the 

2x2 table (refer to flow diagram): Describe the time 

interval and any interventions between index test(s) and 

reference standard: 

Unclear 

Was there an appropriate interval between index test(s) and 

reference standard? 

Unclear 

Did all patients receive a reference standard? Yes 

Did all patients receive the same reference standard? Yes 

Were all patients included in the analysis? Unclear 

Could the patient flow have introduced bias? Low Risk 

 

 
Study Domain   

Voleti et al. 

2021 

Domain 1.  

Patient selection 

 

Patient Sampling Elementary school in Palau 

screening over a 9 day period 

in 2 independent rooms.  

Was a consecutive or random sample of patients enrolled? Yes 

Was a case-control design avoided? Yes 

Did the study avoid inappropriate exclusions? Yes  

Could the selection of patients have introduced bias? Low risk 

Are there concerns that the included patients do not match 

the review question? 

Low risk 

Domain 2.  

Index Test 

Describe the index test and how it was conducted and 

interpreted 

HHE performed by six novice 

users from various health-care 

backgrounds (two nurses, two 

physicians, one medical 

student, one patient care 

technician) without previous 

echocardiography experience. 

HHE was performed to 100% 

of RHD cases diagnosed by 

experts and 25% of children 

without RHD by expert scan. 

Assignement to non-experts 

was random, and these ere 

blinded to the reason for the 

referral.  

Were the index test results interpreted without knowledge 

of the results of the reference standard? 

Yes. Operators were blinded 

to each other’s findings. 

If a threshold was used, was it pre-specified? A combination of of MR jet 

length ≥1.5 cm or any AR 

was considered a positive 

screen. 

Could the conduct or interpretation of the index test have 

introduced bias?   

Low risk 

Are there concerns that the index test, its conduct, or 

interpretation differ from the review question? 

Low risk 



Domain 3.  

Reference 

Standard 

Describe the reference standard and how it was conducted 

and interpreted: 

SE performed by five expert 

screeners (four paediatric 

cardiologists and one senior 

paediatric cardiology fellow). 

A detailed protocol 

incorporating 2D, colour and 

continuous wave Doppler to 

allow usage of the 2012 WHF 

echocardiographic diagnostic 

criteria for RHD was 

followed. 

Is the reference standard likely to correctly classify the 

target condition? 

Yes 

Were the reference standard results interpreted without 

knowledge of the results of the index test? 

All positive studies identified 

by a first expert reader, along 

with 20 randomly selected 

negative studies, were 

compiled into a scrambled, 

de-identified list and sent to a 

blinded second expert for a 

second read. Cases of non- 

agreement were referred to an 

external paediatric 

cardiologist.  

Could the reference standard, its conduct, or its 

interpretation have introduced bias? 

Low risk 

Are there concerns that the target condition as defined by 

the reference standard does not match the review question? 

Low risk 

Domain 4. 

Flow and Timing 

Describe any patients who did not receive the index test(s) 

and/or reference standard or who were excluded from the 

2x2 table (refer to flow diagram): Describe the time 

interval and any interventions between index test(s) and 

reference standard: 

Unclear 

Was there an appropriate interval between index test(s) and 

reference standard? 

Yes 

Did all patients receive a reference standard? Yes 

Did all patients receive the same reference standard? Yes 

Were all patients included in the analysis? Unclear 

Could the patient flow have introduced bias? Low Risk 

 
Study Domain   

Chillo et al. 

2023 

Domain 1.  

Patient selection 

 

Patient Sampling A multi-stage sampling 

procedure was utilized to 

identify schools and districts 

in Tanzania. At each selected 

school all children aged 5–16 

years were invited to 

participate through letters 

distributed to their 

parents/guardians, with written 

consent from parents and 

children verbal consent 

required for participation. 

Was a consecutive or random sample of patients enrolled? Yes 

Was a case-control design avoided? Yes 

Did the study avoid inappropriate exclusions? Yes  

Could the selection of patients have introduced bias? Low risk 

Are there concerns that the included patients do not match 

the review question? 

Low risk 

Domain 2.  

Index Test 

Describe the index test and how it was conducted and 

interpreted 

Two expert cardiologists 

performed HHE in a quiet 

room or outside under 

enclosed space. 

Were the index test results interpreted without knowledge 

of the results of the reference standard? 

Not specified 



If a threshold was used, was it pre-specified? Yes. 2012 WHF criteria. 

Modification for assessing 

MR and AR as no continous 

wave Doppler can be used 

with HHE. 

Could the conduct or interpretation of the index test have 

introduced bias?   

Low risk 

Are there concerns that the index test, its conduct, or 

interpretation differ from the review question? 

Low risk 

Domain 3.  

Reference 

Standard 

Describe the reference standard and how it was conducted 

and interpreted: 

Auscultation 

was done in a quiet room or 

outside in an enclosed screen 

with participants having bear-

chest and rested in a 450 

inclined examination bed. 

This was done by two trained 

last year Medical students. All 

4 auscultatory areas (mitral, 

tricuspid, aortic and pulmonary 

area) were assessed. Abnormal 

sounds were considered a 

positive finding, and murmurs 

were then classified as systolic 

or diastolic. 

Is the reference standard likely to correctly classify the 

target condition? 

Unclear 

Were the reference standard results interpreted without 

knowledge of the results of the index test? 

Yes 

Could the reference standard, its conduct, or its 

interpretation have introduced bias? 

Unclear risk 

Are there concerns that the target condition as defined by 

the reference standard does not match the review question? 

Low risk 

Domain 4. 

Flow and Timing 

Describe any patients who did not receive the index test(s) 

and/or reference standard or who were excluded from the 

2x2 table (refer to flow diagram): Describe the time 

interval and any interventions between index test(s) and 

reference standard: 

Unclear 

Was there an appropriate interval between index test(s) and 

reference standard? 

Unclear 

Did all patients receive a reference standard? Yes 

Did all patients receive the same reference standard? Yes 

Were all patients included in the analysis? Yes 

Could the patient flow have introduced bias? Low Risk 

 

 

 
Study Domain   

Francis et al. 

2023 

Domain 1.  

Patient selection 

 

Patient Sampling All patients aged 5 to 20 

presenting to the screening 

sites in Timor-Lest and 

Australia on the day of 

screening. 

Was a consecutive or random sample of patients enrolled? Yes 

Was a case-control design avoided? Yes 

Did the study avoid inappropriate exclusions? Yes  

Could the selection of patients have introduced bias? Low risk 

Are there concerns that the included patients do not match 

the review question? 

Low risk 

Domain 2.  

Index Test 

Describe the index test and how it was conducted and 

interpreted 

Non-experts performing HHE 

to identify presence or 

absence of any MR or AR in 

a single parasternal long-axis 

view. 

Were the index test results interpreted without knowledge 

of the results of the reference standard? 

Yes 



If a threshold was used, was it pre-specified? positive index test was 

defined as any MR and/or AR 

Could the conduct or interpretation of the index test have 

introduced bias?   

Low risk 

Are there concerns that the index test, its conduct, or 

interpretation differ from the review question? 

Low risk 

Domain 3.  

Reference 

Standard 

Describe the reference standard and how it was conducted 

and interpreted: 

SE performed by expert 

cardiologist of sonographer 

with experience in diagnosis 

of RHD. All abnormal cases 

were reviewed on site by a 

panel of 3 experts to 

determine a consensus 

diagnosis on the basis of 

WHF diagnosis criteria. 

Is the reference standard likely to correctly classify the 

target condition? 

Yes 

Were the reference standard results interpreted without 

knowledge of the results of the index test? 

Unclear 

Could the reference standard, its conduct, or its 

interpretation have introduced bias? 

Low risk 

Are there concerns that the target condition as defined by 

the reference standard does not match the review question? 

Low risk 

Domain 4. 

Flow and Timing 

Describe any patients who did not receive the index test(s) 

and/or reference standard or who were excluded from the 

2x2 table (refer to flow diagram): Describe the time 

interval and any interventions between index test(s) and 

reference standard: 

Unclear 

Was there an appropriate interval between index test(s) and 

reference standard? 

Unclear 

Did all patients receive a reference standard? Yes 

Did all patients receive the same reference standard? Yes 

Were all patients included in the analysis? Unclear 

Could the patient flow have introduced bias? Low Risk 

 

 
Study Domain   

Ali et al. 2024 Domain 1.  

Patient selection 

 

Patient Sampling Febrile children aged 3 to 18 

presenting to a Pediatric 

Emergency in Sudan with 

possible acute rheumatic 

fever  

Was a consecutive or random sample of patients enrolled? Unclear 

Was a case-control design avoided? Yes 

Did the study avoid inappropriate exclusions? Yes  

Could the selection of patients have introduced bias? Low risk 

Are there concerns that the included patients do not match 

the review question? 

Low risk 

Domain 2.  

Index Test 

Describe the index test and how it was conducted and 

interpreted 

Non-expert performing HHE, 

2D + Colour Doppler on a 

single parasternal long-axis 

view. 

Interpreted with the aid of an 

Expert cardiologist 

Were the index test results interpreted without knowledge 

of the results of the reference standard? 

Yes 

If a threshold was used, was it pre-specified? positive index test was 

defined as MR1.5cm, or 

presence of any AR or 

mitral/aortic valve changes 

consistent with ARF/RHD in 

Could the conduct or interpretation of the index test have 

introduced bias?   

Low risk 

Are there concerns that the index test, its conduct, or 

interpretation differ from the review question? 

Low risk 



Domain 3.  

Reference 

Standard 

Describe the reference standard and how it was conducted 

and interpreted: 

Auscultation by unspecified 

physician – presence of 

murmur 

Is the reference standard likely to correctly classify the 

target condition? 

Unclear 

Were the reference standard results interpreted without 

knowledge of the results of the index test? 

Unclear 

Could the reference standard, its conduct, or its 

interpretation have introduced bias? 

Unclear 

Are there concerns that the target condition as defined by 

the reference standard does not match the review question? 

Low risk 

Domain 4. 

Flow and Timing 

Describe any patients who did not receive the index test(s) 

and/or reference standard or who were excluded from the 

2x2 table (refer to flow diagram): Describe the time 

interval and any interventions between index test(s) and 

reference standard: 

Unclear 

Was there an appropriate interval between index test(s) and 

reference standard? 

Unclear 

Did all patients receive a reference standard? Yes 

Did all patients receive the same reference standard? Yes 

Were all patients included in the analysis? Yes 

Could the patient flow have introduced bias? Low Risk 



Table S-3: Evidence Table for Diagnostic Studies  
 

 
 

Pre-test probabilities – 0.444% from Watkins 2017 (defined as “RHD identified by a clinician, with or without echocardiographic confirmation”) for high-prevalence areas, and 2.61% and 1.13% 

from Noubiap 2019 based on echocardiographic studies using WHF and WHO criteria, respectively. 

Pooled results for: 

- PPV 16.7%, 53.4% and 33.3% for pre-test probabilities of 0.444%, 2.61% and 1.13%, respectively. 

- NPV 100%, 99.7% and 99.9% for pre-test probabilities of 0.444%, 2.61% and 1.13%, respectively. 

- LR+ = 43.5 

- LR-  = 0.1 

Using the estimated prevalence of any RHD across the two studies used included in our systematic review (i.e. 68/218 = 31.22%), the effect per 1,000 patient tested would be: TP = 272, FN = 

40,  TN = 674 & FP = 14. 

 

 

  



Table S-4: Evidence Table for HHE Screening Studies  
 

 
 
Pre-test probabilities – 0.444% from Watkins 2017 (defined as “RHD identified by a clinician, with or without echocardiographic confirmation”) for high-prevalence areas, and 2.61% and 1.13% 

from Noubiap 2019 based on echocardiographic studies using WHF and WHO criteria, respectively. 

Pooled results for: 

- PPV 2.1%, 6.1% and 12.8% for pre-test probabilities of 0.444%, 2.61% and 1.13%, respectively. 

- NPV 99.9%, 99.3% and 99.8% for pre-test probabilities of 0.444%, 2.61% and 1.13%, respectively. 

- LR+ = 5.5 

- LR- = 0.3 

Using the estimated prevalence of any RHD across the two studies used included in our systematic review (i.e. 721/14,960 = 4.82%), the effect per 1,000 patient tested would be: TP = 38, FN = 

10,  TN = 800 & FP = 152. 

 



Table S-5: Positive and Negative predictive values (PPV and NPV), and positive and negative likelihood ratios 
(LR+ and LR-) for definite or borderline rheumatic heart disease 
 

Study 
PPV, 

95%CI 

NPV, 

95%CI 

LR+, 

95%CI 

LR-, 

95%CI 

Diagnostic studies (Handheld echocardiogram vs. Standard echocardiogram) 

Beaton et al. 

2014 

86.0% 

73.9-93.1 

95.1% 

88.5-98.0 

12.6 

5.8-27.5 

0.1 

0.04-0.3 

Zhülke et al. 

2016 

100% 

83.9-100.0 

92.7% 

85.2-96.6 
43* 0.08* 

Screening studies (Handheld echocardiogram vs. Standard echocardiogram) 

Beaton et al. 

2015 

47.2% 
43.1-51.3 

96.5% 

95.4-97.3 

6.1 

5.2-7.2 

0.3 

0.2-0.3 

Godown et al. 

2015 

19.0% 

16.9-21.3 

96.9% 

95.2-98.6 

1.7 

1.5-2.0 

0.2 

0.1-0.4 

Beaton et al. 

2016 

45.8% 

38.2-53.5 

96.8% 

92.6-98.7 

5.5 

4.0-7.5 

0.2 

0.1-0.5 

Ploutz et al. 2016 
14.2% 

11.7-17.0 

98.5% 

97.5-99.1 

3.5 

2.8-4.3 

0.3 

0.2-0.5 

Francis et al. 

2021 

15.8% 

13.1-18.9 

97.8% 

97.1-98.4 

3.2 

2.8-3.7 

0.4 

0.3-0.5 

Francis et al. 

2023  

(approach 1) 

8.53% 

7.9-9.2 

99.1% 

98.6-99.4 

2.2 

2.1-2.4 

0.2 

0.1-0.3 

Francis et al. 

2023  

(approach 2) 

14.0% 

13.0-15.1 

99.4% 

99.0-99.6 

3.9 

3.5-4.2 

0.2 

0.1-0.2 

Diagnostic studies (Auscultation vs. Standard echocardiogram) 

Zhülke et al. 

2016 

83.3 % 

37.9-97.6 

74.7% 

71.1-78.0 

12.2 

1.5-99.8 

0.8 

0.7-1.0 

Diagnostic studies (Auscultation vs. Handheld Echocardiogram) 

Ali et al. 2024 
84.6% 

54.5-97.3 

85.8% 

84.8-86.2 

27.8 

6.1-180.8 

0.8 

0.8-0.9 

Screening studies (Auscultation vs. Standard echocardiogram) 

Godown et al. 

2015 

27.7% 

20.9-35.7 

89.9% 

88.9-90.8% 

2.8 

1.9-4.1 

0.8 

0.7-0.9 

Screening studies (Auscultation vs. Handheld Echocardiogram) 

Chillo et al. 2023 
11.3% 

5.3-22.6 

98.0% 

97.9-98.1% 

5.8 

2.6-13.3 

1.0 

0.9-1.0 

 

 
*values provided by authors as per contingency tables adjusted for 0 values according to Glas et al. J Clin Epidemiol 2003; 56: 1129–1135.



 

Table S-6: Effects per 1,000 patients tested for the different sub-analyses on RHD Diagnosis or Carditis/ARF. 
 

Index test 
(no. of studies) 

Reference 

standard 
Population Prevalence 

TP 

95%CI 

FN 

95%CI 

TN 

95%CI 

FP 

95%CI 

HHE (2) SE Definite RHD WHF : 1.14% 
11 

10-11 

0 

0-1 

969 

919-979 

20 

10-70 

   WHO : 0.64% 
6 

5-6 

0 

0-1 

974 

924-984 

20 

10-70 

   Syst.Review: 17.43% 
169 

146-174 

5 

0-28 

809 

768-817 

17 

9-58 

HHE (2) SE Borderline RHD WHF: 1.52% 
11 

8-13 

4 

2-7 

965 

680-985 

20 

0-305 

   WHO: 0.56% 
4 

3-5 

2 

1-3 

975 

686-994 

19 

0-308 

   Syst.Review: 13.76% 
99 

74-118 

39 

20-64 

845 

595-862 

17 

0-267 

Auscultation (1) SE Definite RHD WHF : 1.14% 
1 

0-5 

10 

6-11 

939 

860-879 

50 

10-129 

   WHO : 0.64% 
1 

0-3 

5 

3-6 

944 

864-984 

50 

10-130 

   Syst.Review: 17.43% 
16 

0-71 

158 

103-174 

784 

718-817 

42 

9-108 

Auscultation (1) SE Borderline RHD WHF: 1.52% 
0 

0-0 

15 

15-15 

936 

857-975 

49 

10-128 

   WHO: 0.56% 
0 

0-0 

6 

6-6 

945 

865-984 

49 

10-129 

   Syst.Review: 13.76% 
0 

0-0 

138 

138-138 

819 

750-854 

43 

8-112 

Auscultation (1) HHE Carditis/ARF Sub-clinical: 18.10% 
31 

16-51 

150 

130-165 

811 

803-819 

8 

0-16 

   Syst.Review: 16.50% 
28 

15-46 

137 

119-150 

827 

818-835 

8 

0-17 

  
Pre-test probabilities from Noubiap 2019 based on echocardiographic studies using WHF and WHO criteria, respectively, and sub-clinical carditis as per Tubridy-Clark et al. Int J Cardiol. 

2007;119:54-58. Estimated probabilities from our systematic review: any RHD: 68/218 = 31.22%; definite RHD: 38/218 = 17.43%, borderline RHD: 30/218 = 13.76%, and Carditis: 66/400 = 

16.50%.



Table S-7: Effects per 1,000 patients tested for the different sub-analyses on RHD Screening. 
 

Index test 
(no. of studies) 

Reference 

standard 
Population Prevalence 

TP 

95%CI 

FN 

95%CI 

TN 

95%CI 

FP 

95%CI 

HHE (2) SE Definite RHD WHF : 1.14% 
11 

10-11 

0 

0-1 

860 

840-870 

129 

119-149 

   WHO : 0.64% 
6 

6-6 

0 

0-1 

864 

845-874 

130 

120-149 

   Syst.Review: 1.84%  
18 

17-18 

0 

0-1 

854 

834-864 

128 

118-148 

HHE (2) SE Borderline RHD WHF: 1.52% 
11 

8-13 

4 

2-7 

965 

680-985 

20 

0-305 

   WHO: 0.56% 
4 

3-5 

2 

1-3 

975 

686-994 

19 

0-308 

   Syst.Review: 2.97% 
21 

16-26 

9 

4-14 

951 

670-970 

19 

0-300 

Simplified HHE / 

Non-expert (7) 

SE with 

complete 

diagnostic 

criteria 

Any RHD Clinical: 0.44% 
3 

3-4 

1 

0-1 

836 

787-876 

160 

120-209 

   WHF: 2.61% 
20 

19-22 

6 

4-7 

818 

769-857 

156 

117-205 

   WHO: 1.13% 
9 

8-9 

2 

2-3 

831 

781-870 

158 

119-208 

   Syst.Review: 4.82% 
38 

35-40 

10 

8-13 

800 

752-838 

152 

114-200 

Expert HHE (1) Expert SE Any RHD Clinical: 0.44% 
3 

3-4 

1 

0-1 

866 

846- 

130 

110-150 

   WHF: 2.61% 
21 

19-22 

5 

4-7 

847 

828-867 

127 

107-146 

   WHO: 1.13% 
9 

8-10 

2 

1-3 

860 

840-880 

129 

109-149 

   Syst.Review: 4.82% 
38 

35-41 

10 

7-13 

828 

809-847 
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Pre-test probabilities from Watkins 2017 (clinical diagnosis) and from Noubiap 2019 based on echocardiographic studies using WHF and WHO criteria, respectively, for high-prevalence areas. Estimated probabilities 

from our systematic review for: any RHD: 721/14,960 = 4.82%; definite RHD: 276/14,960 = 1.84%; and borderline RHD: 445/14,960 = 2.97%. 
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