
 

BMJ Open is committed to open peer review. As part of this commitment we make the peer review 

history of every article we publish publicly available.  

WheŶ aŶ aƌtiĐle is puďlished ǁe post the peeƌ ƌeǀieǁeƌs’ ĐoŵŵeŶts aŶd the authoƌs’ ƌespoŶses 
online. We also post the versions of the paper that were used during peer review. These are the 

versions that the peer review comments apply to. 

The versions of the paper that follow are the versions that were submitted during the peer review 

process. They are not the versions of record or the final published versions. They should not be cited 

or distributed as the published version of this manuscript. 

BMJ Open is an open access journal and the full, final, typeset and author-corrected version of 

record of the manuscript is available on our site with no access controls, subscription charges or pay-

per-view fees (http://bmjopen.bmj.com).  

If you haǀe aŶy ƋuestioŶs oŶ BMJ OpeŶ’s opeŶ peeƌ ƌeǀieǁ pƌoĐess please eŵail 
editorial.bmjopen@bmj.com 

 

 

 on A
pril 8, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-020140 on 10 F

ebruary 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/
mailto:editorial.bmjopen@bmj.com
http://bmjopen.bmj.com/


For peer review
 only

�

�

�

����������	
�	�����
���
�������������
����
�	
�	�����
���
�������
������	�����������	����	���

�
������	���������������������	������������������	���������
�

�

�������	� ���������


������
������ ��������������������

���
��������	� ���������

����� ���
���!�����"�����"��	� �#�$��������

%��������&
����'����"���	� ���'��!(�&
��)�*+$$�,� %-..+�"$ ����&(�������������'�
�!
�
���
��!����"
(�&�
��)� �/���"��%"
�!������������
����(�+������"(�,/�����
��(�
������
�(�&����
�0���!�
��
���
�0�1+,�&
2�)�.�
/���
����'�%������3�(�

������������'����!
���
��(�+�!�%�����4���
����
���%"
�!���5��-���
���(��
$�"�!�(�,������)� ����������"�.�
/���
��(�%������'���,/
!���������!�
-����"�%����
6.-&7,(�&�, &)�+�!�%�����4���
����
���%"
�!������-���
���(����!
���
��
%��!
���0�)�*+$$�,� %-..+�"$ ����&(�������������'�
�!
�
���
,�0��(�
��8)�.�/���
����'�%������3�(�
�!
�
���

7��3��!�	�
+"�����
��"�����!
�����(�!
�0����
����������(�������
�0(�,�"����!
�0���"��
9�%�+��$&$*:�

��

�

�

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

 on A
pril 8, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-020140 on 10 F

ebruary 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review
 only

 

1 

 

 

Standard Echocardiography versus Handheld Echocardiography 

for the Detection of Subclinical Rheumatic Heart Disease  

Lisa H Telford
1
, Leila H Abdullahi

2,3, 4
, Eleanor A Ochodo

5
, L J Zühlke

1, 2
 Mark E Engel

1
 

 

 

1
Department of Medicine, Faculty of Health Sciences, University of Cape Town and Groote Schuur Hospital, Cape 

Town, South Africa, 
2
Department of Paediatrics, Red Cross War Memorial Children’s Hospital and University of 

Cape Town, Cape Town, South Africa, 
3
Division of Cardiology, Groote Schuur Hospital and Faculty of Health 

Sciences, University of Cape Town, Cape Town, South Africa, 
4
Save the Children International (SCI), 

Somalia/Somaliland Country Office. Nairobi, Kenya, 
5
Centre for Evidence-based Health Care, Faculty of Medicine 

and Health Sciences, Stellenbosch University, Cape Town, South Africa  

 

Correspondence to: 

Liesl J Zühlke   

Room 2.17 Institute of Child Health, Department of Paediatrics, Red Cross War Memorial Children's 

Hospital, Klipfontein Road, Rondebosch, Cape Town, South Africa, 7700 

Email: liesl.zuhlke@uct.ac.za 

Tel: 021 650 5275 

 

�

�

�

�

�

�

�

�

Page 1 of 22

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

 on A
pril 8, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-020140 on 10 F

ebruary 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review
 only

 

2 

 

ABSTRACT 

Rheumatic heart disease (RHD) is a preventable and treatable chronic condition which persist in many 

developing countries largely affecting impoverished populations. Handheld echocardiography presents 

an opportunity to address the need for cost-effective methods of diagnosing RHD in developing 

countries, where the disease continues to carry high rates of morbidity and mortality. Preliminary 

studies have demonstrated moderate sensitivity as well as high specificity and diagnostic odds for 

detecting RHD in asymptomatic patients. We describe a protocol for a systematic review on diagnostic 

performance of handheld echocardiography for diagnosing asymptomatic RHD.   

Methods and analysis 

Electronic databases as well as reference lists and citations of relevant articles will be searched using a 

predefined strategy incorporating a combination of MeSH terms and keywords. The methodological 

validity and quality of studies deemed eligible for inclusion will be assessed against review specific 

QUADAS-2 criteria and information on metrics of diagnostic accuracy and demographics extracted. 

Forest plots of sensitivity and specificity as well as a scatter plot in Receiver Operating Characteristic 

(ROC) space will be used to investigate heterogeneity. If possible, a meta-analysis will be conducted to 

produce summary results of sensitivity and specificity using the Hierarchical Summary Receiver 

Operating Characteristic (HSROC) method. In addition, a sensitivity analysis will be conducted to 

investigate the effect of studies with a high risk of bias.  

Ethics and dissemination 

Ethics approval is not required for this systematic review of previously published literature. The planned 

review will provide a summary of the diagnostic accuracy of handheld echocardiography. Results may 

feed into evidence-based guidelines and should the findings of this review warrant a change in clinical 

practice, a summary report will be disseminated among leading clinicians and healthcare professionals 

in the field.  

Trial registration number 

This protocol has been registered with the International Prospective Register of Systematic Reviews 

(PROSPERO), registration number CRD42016051 
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Strengths and limitations of this study 

�� We will evaluate the accuracy of handheld echocardiography for detecting subclinical RHD in 

endemic areas, making the proposed review relevant to current global agendas.  

�� We will not impose a search filter or any limits in terms of language during the literature search so 

as to minimise the chance of missing studies. 

�� Data extraction will be performed by two independent reviewers thereby reducing the risk of bias.  

�� Accuracy measures (sensitivity and specificity) may be influenced by underestimated burden of 

disease estimates (incidence and prevalence) due to the scarcity of good quality epidemiologic data.  

�� Variation in diagnostic protocols for handheld echocardiography may affect data synthesis.  

Keywords 

Rheumatic heart disease, echocardiography, screening, diagnostic accuracy 
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INTRODUCTION 

Background 

Rheumatic heart disease (RHD) is a permanent heart valve condition resulting from an abnormal 

immune reaction to group A streptococcal (GAS) infection typically occurring in childhood.[1] If left 

untreated, disease progression can result in irreversible heart valve damage, cardiac failure, stroke and 

premature death.[2,3] Significantly, RHD is an easily preventable and treatable chronic condition which 

mostly affects disadvantaged populations across the world.[2] Often considered a disease of poverty, 

RHD has virtually vanished in wealthier countries, largely as a result of improvements in living 

circumstances, diet and the use and availability of penicillin.[1]  Even though the disease has mostly 

been eradicated in North America and Europe, barring a few indigent pockets, it remains prolific in areas 

of the Middle East, the South Pacific, Africa as well as Central and South Asia.[2] 

The continued persistence of RHD contributes to considerable amounts of preventable morbidity and 

mortality, particularly among adolescents and young adults.[4] This adds additional strain to what are 

often already overburdened health systems.[5] The disease remains the most commonly occurring 

acquired cardiovascular disease among people under the age of 25, thereby affecting those inflicted 

during their most productive years.[2] Moreover, endemic regions bearing the brunt of the disease are 

typically poorly resourced and often lack the capability to treat advanced RHD.[1]  

Findings from the 2015 Global Burden of Disease study showed that the global estimate for RHD 

prevalence has risen to nearly 34 million cases.[6] Furthermore, it was reported that  as many as 319, 

400 premature deaths were attributable to the disease in 2015.[7] A recent systematic review of the 

burden of RHD among children and adolescents in endemic areas conducted by Rothenbühler et al. 

(2014) calculated the pooled prevalence of clinical RHD to be 2.7 per 1000 people (95% CI: 1.6 – 4.4).[8] 

In comparison, the pooled prevalence of subclinical RHD was estimated at 21.1 per 1000 people (95% CI: 

14.1 – 31.4), which they note is around seven to eight times greater than that of clinically manifest 

RHD.[8] These findings highlights the need for more active surveillance systems and screening 

programmes within endemic areas in order to increase rates of early diagnosis.  

Catching and treating early-stage RHD has the advantage of preventing, stopping or even regressing 

further valve damage through the promotion of secondary prophylaxis at the subclinical stage.[9] In 

doing so many of the unwanted consequences associated with advanced RHD can be circumvented.[9] 

Screening for RHD is therefore directed at diagnosing the disease at the subclinical stage. At this point 
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secondary prophylaxis can be initiated and progression to overt clinical RHD avoided.[10]  However, in 

order to effect such changes, more cost-effective and user friendly screening modalities are needed.  

An unfortunate reality is that most people only present to care when their disease becomes 

symptomatic, usually indicating advanced RHD. One of the reasons for this is the latent nature of RHD 

during the initial stages.[11] Moreover, the accurate detection of latent RHD in children and adolescents 

remains hampered by the cost of diagnostic machinery and scarcity of trained personnel.[12] Alternative 

RHD screening tests, which are both accurate and affordable, are therefore needed in many endemic 

areas. The value of such a screening test is that significantly more cases of subclinical RHD might be 

detected, thereby reducing the time to commencement of secondary prophylaxis and  thus, in turn, 

improving long term outcomes.[9]  

Recently, handheld cardiac ultrasound (HHCU) or handheld echocardiography (HAND) has become 

widely available with a variety of clinical uses.[13] Similarly, diagnostic accuracy has already been 

demonstrated in a number of studies assessing its value as a screening tool. Likewise the device has 

been shown to significantly improve the detection of RHD over auscultation alone in preliminary 

studies.[4,13] Due to the non-invasive, safe, portable and relatively inexpensive nature of handheld 

echocardiography, the device has been presented in recent publications as a promising alternative to 

standard echocardiography in resource-limited and remote settings.[4,13] In order to test this assertion 

the diagnostic accuracy of handheld echocardiography needs to be evaluated using a systematic 

approach. This review, therefore, proposes to evaluate the accuracy of handheld echocardiography for 

the detection of RHD in children and adolescents within a screening setting.  We seek to generate new 

quantitative evidence for clinicians and guideline developers to establish evidence-based guidelines for 

diagnosing RHD with handheld echocardiography. Ultimately, this will improve the management of 

patients with RHD, as effective treatment of asymptomatic RHD requires accurate and timely diagnosis. 

Primary objective 

To determine the diagnostic accuracy of handheld echocardiography for the detection of subclinical 

rheumatic heart disease in children and adolescents.  

Secondary objective 

To investigate potential sources of variation in relation to age, gender, geographical location, 

echocardiography protocol and echocardiographer expertise in diagnosing asymptomatic RHD with 

handheld echocardiography.  
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METHODS AND ANALYSIS 

The protocol was prepared according to the Preferred Reporting Items for Systematic review and Meta-

Analysis (PRISMA) guidelines. A PRISMA Protocol checklist is completed and included in appendix 1.[14] 

Inclusion and exclusion criteria 

We will include all primary observational studies which compare the diagnostic accuracy of handheld 

echocardiography to the reference standard, standard echocardiography (2D, continuous-wave, and 

colour-Doppler echocardiography). Eligible studies can be of a cross-sectional, cohort or diagnostic case-

control design, provided both cases and controls have been sampled from the same population. Studies 

which report on, or contain the data necessary to extract information on the proportions of true 

positives (TP), false positives (FP), true negatives (TN) and false negatives (FN) will be included. Studies 

which enrolled only those with a confirmed RHD diagnosis will be excluded on account of the potential 

for overestimation of sensitivity. Descriptive studies such as case studies/series will also be excluded 

from this review. Studies in which we are unable to generate two-by-two tables, as well as different 

studies which report on duplicate data will not be considered for inclusion in this review. �

We will consider all studies in which samples of study participants are either, a randomly, or 

consecutively selected series of individuals from populations in which RHD is prevalent worldwide for 

inclusion. Studies which have participants with a clear history of ARF will be excluded. For the purposes 

of this review, children and adolescents will be defined as being between the ages of 5 and 17 years (age 

range: ≥5 years to <18 years). More specifically, participants will be considered children if they are 

between 5 and 9 years of age and adolescents if they are between 10 and 17 years of age. 

We will include studies evaluating the accuracy of handheld echocardiography for RHD detection. There 

will be no restrictions regarding the type of handheld device used or the aptitude of person performing 

the cardiac ultrasound, however these data will be recorded and analysed accordingly. Studies will be 

deemed eligible for inclusion if the reference standard constituted the interpretation of 

echocardiographic findings using the 2012 WHF criteria when echocardiographic assessment by 2D, 

continuous-wave, and colour-Doppler echocardiography was performed by a cardiologist or cardiac 

sonographer. We will exclude all studies published before 2012 in order to omit any study which does 

not use standard echocardiography in conjunction with the 2012 WHF criteria as the reference standard. 

We will consider all studies which evaluate definite RHD which is subclinical as the condition of interest 

for inclusion in this review. All case definitions will be consistent with the 2012 WHF criteria.[15] For the 

purposes of this review subclinical RHD will also be referred to as clinically silent or latent disease which 
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“is defined as asymptomatic rheumatic heart disease detected on echocardiography in the absence of a 

history of preceding acute rheumatic fever”.[16] 

Search strategy 

A comprehensive electronic literature search of PubMed, Scopus, Web of Science and EBSCOhost will be 

conducted to identify relevant literature. No restrictions in terms of language will be applied during the 

search. Searches will however be limited to only include articles published from 2012 up until the 

present. All sources will be systematically searched using a combination, where relevant, of both free 

text words and Medical Subject Heading (MeSH) terms. Search strategies will be tailored to meet the 

requirements of each electronic database with as in Table 1 below. Search terms will include synonyms 

for 'rheumatic heart disease', 'echocardiography' and ‘handheld’. A list of all articles identified through 

the literature search will be compiled and references managed using Mendeley software. In addition, a 

manual search of all eligible articles' reference lists, articles citing eligible articles as well as relevant 

review articles will be carried out in order to identify any additional literature not identified by the 

comprehensive electronic literature search. Abstracts from any relevant conference proceedings will 

also be searched for among appropriate websites and followed up on if eligibility requirements are 

sufficiently met. Finally, experts in the field will be contacted for additional information where 

necessary.  

Selection of studies for inclusion 

The titles and/or abstracts of all articles identified by the literature search will be screened 

independently by two reviewers. Based on the predefined inclusion and exclusion criteria any clearly 

irrelevant studies will be excluded. Following this, the full text versions of all potentially eligible studies 

will then be reviewed by two independent reviewers in order to assess their eligibility. Any discrepancies 

over eligibility will be resolved through discussion and consensus with a third reviewer.  
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Table 1 Search Strategy 

Database Search terms Limits 

PubMed  

((((((((((((((((Hand-held) OR handheld) OR hand held) OR hand-carried) OR hand carried) OR HAND) OR HCU) 

OR HHCU) OR pocket size) OR pocked sized) OR portable) OR miniaturization) OR miniaturized) OR focused) 

OR focus)) AND (((("Echocardiography"[Mesh]) OR echocardiography) OR echocardiographic) OR cardiac 

ultrasound)) AND ((("Rheumatic Heart Disease"[Mesh]) OR rheumatic heart disease) OR RHD) 

MeSH terms will be exploded during the search  

Limited to 2012-

2017 

Scopus  

1. Hand-held OR handheld OR hand held OR hand-carried OR hand carried OR HAND OR HCU OR HHCU OR 

pocket size* OR portable OR miniatur* OR focus* 

2. Echocardiograph* OR cardiac ultrasound  

3. Rheumatic Heart Disease OR RHD  

#1 AND #2 AND #3 

Limited to 2012-

2017 

ISI Web of Science  

1. Hand-held OR handheld OR hand held OR hand-carried OR hand carried OR HAND OR HCU OR HHCU OR 

pocket size OR pocket sized OR portable OR Miniaturization OR Miniaturized OR focused OR focus  

2. Echocardiography OR Echocardiographic OR cardiac ultrasound  

3. Rheumatic Heart Disease OR RHD  

Combine #1 AND #2 AND #3 

Limited to 

2012–2017 and 

filtering out 

MEDLINE 

EBSCOHost  

S1. Hand-held OR handheld OR hand held OR hand-carried OR hand carried OR HAND OR HCU OR HHCU OR 

pocket size OR pocket sized OR portable OR Miniaturization OR Miniaturized OR focused OR focus  

S2. Echocardiography OR Echocardiographic OR cardiac ultrasound  

S3. Rheumatic Heart Disease OR RHD  

S1 AND S2 AND S3 

Limited to 2012-

2017 

Page 8 of 22

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

 on A
pril 8, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-020140 on 10 F

ebruary 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review
 only

 

9 

 

Data extraction and management 

Using a predefined data extraction form, two reviewers will independently extract the following 

information from all studies meeting the criteria for inclusion; 

�� Study identifiers: Author(s), year of publication, journal 

�� Study characteristics: Study design, study country/setting/context, study 

population/participants, sample size, participant recruitment procedures, participant 

demographics and RHD prevalence (pre-test probability) in study country/setting/context 

�� Reference standard and index test details;  

�� General: cardiac ultrasound normal or abnormal 

�� Specific: individual findings on cardiac ultrasound 

�� Training level of person performing the cardiac ultrasound 

�� Diagnostic criteria/protocol employed 

�� Number of missing or unavailable test results 

�� Diagnostic test outcome measures: Sensitivity, specificity, positive and negative predictive 

values, number of TP, FP, TN and FN 

If necessary any disagreements will be resolved through discussion with a third reviewer until a 

consensus is reached. Any data missing from the reports of included studies will be requested from 

study authors. In cases where studies have used different diagnostic criteria, attempts will be made to 

standardise these criteria to mirror the 2012 WHF criteria as closely as possible. The information 

garnered through the data extraction process will be used to determine each study’s quality as well as 

for synthesising evidence. 

Risk of bias and quality assessment 

The Quality Assessment of Diagnostic Accuracy Studies (QUADAS-2) tool (see table 2) will be used to 

assess the risk of bias and concerns regarding applicability of all included studies.[17] The tool 

encompasses four domains which have been tailored to meet the specific requirements of the review. 

Two reviewers will independently assess the risk of bias in all included studies according to the revised 

QUADAS-2 criteria. Any discrepancies will be resolved through discussion until consensus is reached and 

with the assistance of a third reviewer if necessary. Both text and graphics will be used to demonstrate 

the results.          
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Table 2 Design-specific criteria to assess methodological quality  

CATEGORIES DOMAINS 

1. Patient Selection 2. Index Test (IT) 3. Reference Standard (RS) 4. Flow & Timing 

 

Description 

 

Briefly describe the methods of patient 

selection: 

Describe the IT (HAND), how it 

was conducted and interpreted: 

Describe the RS (STAND) how it was 

conducted and interpreted: 

Describe patients that did not 

receive HAND, &/or STAND or who 

were excluded from the 2X2 table: 

Describe the time interval & any 

interventions between the HAND 

& STAND: 

Indicator Questions  

(yes, no, unclear) 

Was a consecutive or random sample of 

patients enrolled? 

Were the HAND results 

interpreted without knowledge 

of the results of STAND? 

Was STAND likely to correctly 

classify the target condition? 

Was there an appropriate time 

interval between HAND & STAND? 

Was a case-control design avoided? Was a pre-specified threshold 

used? 

Were the STAND results interpreted 

without knowledge of the HAND 

results? 

Did all patients receive STAND & 

was it the same RS? 

Did the study avoid inappropriate 

exclusions? 

Were all patients included in the 

analysis? 

*Risk of Bias 

(low, high, unclear) 

Based on the indicator questions, could the 

selection of patients have introduced bias? 

Based on the indicator questions, 

could the conduct or 

interpretation of HAND have 

introduced bias?  

Based on the indicator questions, 

could STAND, its conduct, or its 

interpretation have introduced bias? 

Based on the indicator questions, 

could the patient flow and timing 

have introduced bias?  

Concerns Regarding 

Applicability  

(low, high, unclear) 

Describe included patients (prior testing, 

presentation, intended use of HAND and 

setting): 

Based on the description of included 

patients, are there concerns that the 

included patients do not match the review 

question? 

 

Are there concerns that HAND, 

its conduct, or interpretation 

differ from the review question? 

Are there concerns that the target 

condition as defined by STAND does 

not match the review question? 

 

 

 

 

* Criteria for Grading Risk of Bias: 

�� If all indicator questions for a single domain are answered “yes” then the risk of bias will be judged as being “low” 

�� If any indicator question is answered “no” then the potential for bias will be flagged and the review authors will be required to judge the risk of bias with the assistance of the 

senior author (ME) 

�� If all or most indicator questions were answered "no" then the risk of bias will be judged as being "high" 

�� Indicator questions are can only be answered as “unclear” when the data are insufficient to allow for the formulation of a judgment 

**Adapted from Whiting et al.[17] 
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Sensitivity analysis 

If data are sufficient, we will also conduct a sensitivity analysis to investigate the effect of excluding 

studies with a high risk of bias on the accuracy of summary estimates, sensitivity and specificity. We will 

not investigate publication bias.  

Statistical analysis and data synthesis 

We will first analyse data descriptively by plotting the sensitivity and specificity (including 95% 

confidence intervals) of all included studies in both forest plots and Receiver Operating Characteristic 

(ROC) space. These plots will be generated using the Review Manager software package.[18] If there are 

sufficient data, we will conduct a meta-analysis to produce summary results of sensitivity and specificity. 

Because we anticipate that studies will have different positivity thresholds due to the use of different 

sets of diagnostic criteria, we will pool the results using the Hierarchical Summary Receiver Operating 

Characteristic (HSROC) method. Meta-analysis will be performed using SAS/STAT
®
 software.[19]  

Investigations of heterogeneity will initially begin by visually examining the forest and ROC plots for 

heterogeneity in sensitivity and specificity. We will then analyse the possible sources of heterogeneity as 

covariates in the statistical models. Potential sources of heterogeneity to be investigated as categorical 

variables include; age (children vs adolescents), sex (male vs female), geographical location (high vs low 

and middle income countries), protocols (single view, multiple views and differing measurements) and 

echocardiographer expertise (cardiologist vs non-expert). 

Presenting and reporting of results 

The study selection process will be summarised in the form of a flow diagram detailing the reasoning 

behind all exclusions. Results will be reported in accordance with the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) guidelines.[20]  

Dissemination 

The planned review will provide a summary of the diagnostic accuracy of handheld echocardiography. 

Results may feed into evidence-based guidelines and will therefore be disseminated to members of the 

WHF criteria working group. Should the findings of this review warrant a change in clinical practice, a 

summary report will be circulated amongst leading clinicians and healthcare professionals in the field.  
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APPENDIX 1  

PRISMA-P checklist  

Section/Topic # Checklist Item 
Information reported Page 

number(s) Yes No 

ADMINISTRATIVE INFORMATION 

Title 

  Identification  1a Identify the report as a protocol of a systematic review 
  

2 

  Update  1b If the protocol is for an update of a previous systematic review, identify as such 
  

N/A 

        Registration  2 
If registered, provide the name of the registry (e.g., PROSPERO) and registration number in the 

abstract   
2 

Authors 

  Contact  3a 
Provide name, institutional affiliation, and e-mail address of all protocol authors; provide physical 

mailing address of corresponding author   
1 

  Contributions  3b Describe contributions of protocol authors and identify the guarantor of the review 
  

10 

        Amendments  4 
If the protocol represents an amendment of a previously completed or published protocol, identify 

as such and list changes; otherwise, state plan for documenting important protocol amendments   
N/A 

Support 

  Sources  5a Indicate sources of financial or other support for the review 
  

10 

  Sponsor  5b Provide name for the review funder and/or sponsor 
  

N/A 

  Role of   

        Sponsor/Funder  
5c Describe roles of funder(s), sponsor(s), and/or institution(s), if any, in developing the protocol 

  
N/A 

INTRODUCTION 

        Rationale  6 Describe the rationale for the review in the context of what is already known 
  

4 - 5 

       Objectives  7 
Provide an explicit statement of the question(s) the review will address with reference to 

participants, interventions, comparators, and outcomes (PICO)   
5 

METHODS 

         Eligibility  

         Criteria  
8 

Specify the study characteristics (e.g., PICO, study design, setting, time frame) and report 

characteristics (e.g., years considered, language, publication status) to be used as criteria for 

eligibility for the review 
  

6 
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Section/Topic # Checklist Item Information reported 
Page 

number(s) 

        Information        

        Sources  
9 

Describe all intended information sources (e.g., electronic databases, contact with study authors, 

trial registers, or other grey literature sources) with planned dates of coverage   
7 

        Search Strategy  10 
Present draft of search strategy to be used for at least one electronic database, including planned 

limits, such that it could be repeated   
7 

Study Records 

        Data    

        Management 
11a Describe the mechanism(s) that will be used to manage records and data throughout the review 

  
8 

        Selection    

        Process 
11b 

State the process that will be used for selecting studies (e.g., two independent reviewers) through 

each phase of the review (i.e., screening, eligibility, and inclusion in meta-analysis)   
8 

        Data Collection  

        Process 
11c 

Describe planned method of extracting data from reports (e.g., piloting forms, done independently, 

in duplicate), any processes for obtaining and confirming data from investigators   
8 

        Data Items 12 
List and define all variables for which data will be sought (e.g., PICO items, funding sources), any 

pre-planned data assumptions and simplifications   
8 

        Outcomes and  

        Prioritization 
13 

List and define all outcomes for which data will be sought, including prioritization of main and 

additional outcomes, with rationale   
10 

        Risk of Bias in  

        Individual   

        Studies 

14 

Describe anticipated methods for assessing risk of bias of individual studies, including whether this 

will be done at the outcome or study level, or both; state how this information will be used in data 

synthesis 
  

8 - 9 

Data 

        Synthesis  

15a Describe criteria under which study data will be quantitatively synthesized 
  

10 

15b 

If data are appropriate for quantitative synthesis, describe planned summary measures, methods of 

handling data, and methods of combining data from studies, including any planned exploration of 

consistency (e.g., I 
2
, Kendall’s tau) 

  
10 

15c Describe any proposed additional analyses (e.g., sensitivity or subgroup analyses, meta-regression) 
  

10 

15d If quantitative synthesis is not appropriate, describe the type of summary planned 
  

N/A 

       Meta-Bias(es)  16 
Specify any planned assessment of meta-bias(es) (e.g., publication bias across studies, selective 

reporting within studies)   
10 

      Confidence in  

      Cumulative    

      Evidence  

17 Describe how the strength of the body of evidence will be assessed (e.g., GRADE) 
  

 

*Adapted from Moher et al.[14] 
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APPENDIX 1  

PRISMA-P checklist  

Section/Topic # Checklist Item 
Information reported Page 

number(s) Yes No 

ADMINISTRATIVE INFORMATION 

Title 

  Identification  1a Identify the report as a protocol of a systematic review 
  

2 

  Update  1b If the protocol is for an update of a previous systematic review, identify as such 
  

N/A 

        Registration  2 
If registered, provide the name of the registry (e.g., PROSPERO) and registration number in the 

abstract   
2 

Authors 

  Contact  3a 
Provide name, institutional affiliation, and e-mail address of all protocol authors; provide physical 

mailing address of corresponding author   
1 

  Contributions  3b Describe contributions of protocol authors and identify the guarantor of the review 
  

10 

        Amendments  4 
If the protocol represents an amendment of a previously completed or published protocol, identify 

as such and list changes; otherwise, state plan for documenting important protocol amendments   
N/A 

Support 

  Sources  5a Indicate sources of financial or other support for the review 
  

10 

  Sponsor  5b Provide name for the review funder and/or sponsor 
  

N/A 

  Role of   

        Sponsor/Funder  
5c Describe roles of funder(s), sponsor(s), and/or institution(s), if any, in developing the protocol 

  
N/A 

INTRODUCTION 

        Rationale  6 Describe the rationale for the review in the context of what is already known 
  

4 - 5 

       Objectives  7 
Provide an explicit statement of the question(s) the review will address with reference to 

participants, interventions, comparators, and outcomes (PICO)   
5 

METHODS 

         Eligibility  

         Criteria  
8 

Specify the study characteristics (e.g., PICO, study design, setting, time frame) and report 

characteristics (e.g., years considered, language, publication status) to be used as criteria for 

eligibility for the review 
  

6 

Page 20 of 22

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

 on A
pril 8, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-020140 on 10 F

ebruary 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

 

3 

 

Section/Topic # Checklist Item Information reported 
Page 

number(s) 

        Information        

        Sources  
9 

Describe all intended information sources (e.g., electronic databases, contact with study authors, 

trial registers, or other grey literature sources) with planned dates of coverage   
7 

        Search Strategy  10 
Present draft of search strategy to be used for at least one electronic database, including planned 

limits, such that it could be repeated   
7 

Study Records 

        Data    

        Management 
11a Describe the mechanism(s) that will be used to manage records and data throughout the review 

  
8 

        Selection    

        Process 
11b 

State the process that will be used for selecting studies (e.g., two independent reviewers) through 

each phase of the review (i.e., screening, eligibility, and inclusion in meta-analysis)   
8 

        Data Collection  

        Process 
11c 

Describe planned method of extracting data from reports (e.g., piloting forms, done independently, 

in duplicate), any processes for obtaining and confirming data from investigators   
8 

        Data Items 12 
List and define all variables for which data will be sought (e.g., PICO items, funding sources), any 

pre-planned data assumptions and simplifications   
8 

        Outcomes and  

        Prioritization 
13 

List and define all outcomes for which data will be sought, including prioritization of main and 

additional outcomes, with rationale   
10 

        Risk of Bias in  

        Individual   

        Studies 

14 

Describe anticipated methods for assessing risk of bias of individual studies, including whether this 

will be done at the outcome or study level, or both; state how this information will be used in data 

synthesis 
  

8 - 9 

Data 

        Synthesis  

15a Describe criteria under which study data will be quantitatively synthesized 
  

10 

15b 

If data are appropriate for quantitative synthesis, describe planned summary measures, methods of 

handling data, and methods of combining data from studies, including any planned exploration of 

consistency (e.g., I 
2
, Kendall’s tau) 

  
10 

15c Describe any proposed additional analyses (e.g., sensitivity or subgroup analyses, meta-regression) 
  

10 

15d If quantitative synthesis is not appropriate, describe the type of summary planned 
  

N/A 

       Meta-Bias(es)  16 
Specify any planned assessment of meta-bias(es) (e.g., publication bias across studies, selective 

reporting within studies)   
10 

      Confidence in  

      Cumulative    

      Evidence  

17 Describe how the strength of the body of evidence will be assessed (e.g., GRADE) 
  

 

*Adapted from Moher et al.[14] 
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ABSTRACT 

Introduction 

Rheumatic heart disease (RHD) is a preventable and treatable chronic condition which persists in many 

developing countries largely affecting impoverished populations. Handheld echocardiography presents 

an opportunity to address the need for more cost-effective methods of diagnosing RHD in developing 

countries, where the disease continues to carry high rates of morbidity and mortality. Preliminary 

studies have demonstrated moderate sensitivity as well as high specificity and diagnostic odds for 

detecting RHD in asymptomatic patients. We describe a protocol for a systematic review on diagnostic 

performance of handheld echocardiography compared to standard echocardiography using the 2012 

World Heart Federation (WHF) criteria for diagnosing subclinical RHD.   

Methods and analysis 

Electronic databases including PubMed, Scopus, Web of Science and EBSCOhost as well as reference lists 

and citations of relevant articles will be searched from 2012 to date using a predefined strategy 

incorporating a combination of MeSH terms and keywords. The methodological validity and quality of 

studies deemed eligible for inclusion will be assessed against review specific QUADAS-2 criteria and 

information on metrics of diagnostic accuracy and demographics extracted. Forest plots of sensitivity 

and specificity as well as a scatter plot in Receiver Operating Characteristic (ROC) space will be used to 

investigate heterogeneity. If possible, a meta-analysis will be conducted to produce summary results of 

sensitivity and specificity using the Hierarchical Summary Receiver Operating Characteristic (HSROC) 

method. In addition, a sensitivity analysis will be conducted to investigate the effect of studies with a 

high risk of bias� 

Ethics and dissemination 

Ethics approval is not required for this systematic review of previously published literature. The planned 

review will provide a summary of the diagnostic accuracy of handheld echocardiography. Results may 

feed into evidence-based guidelines and should the findings of this review warrant a change in clinical 

practice, a summary report will be disseminated among leading clinicians and healthcare professionals 

in the field.  

Trial registration number 

This protocol has been registered with the International Prospective Register of Systematic Reviews 

(PROSPERO), registration number CRD42016051261. 
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Strengths and limitations of this study 

�� We will evaluate the accuracy of handheld echocardiography for detecting subclinical RHD in 

endemic areas, making the proposed review relevant to current global agendas.  

�� We will not impose a search filter or any limits in terms of language during the literature search so 

as to minimise the chance of missing studies. 

�� Data extraction will be performed by two independent reviewers thereby reducing the risk of bias.  

�� Accuracy measures (sensitivity and specificity) may be influenced by underestimated burden of 

disease estimates (incidence and prevalence) due to the scarcity of good quality epidemiologic data.  

�� Variation in diagnostic criteria for handheld echocardiography may affect data synthesis.  

Keywords 

Rheumatic heart disease, echocardiography, screening, diagnostic accuracy 
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INTRODUCTION 

Background 

Rheumatic heart disease (RHD) is a permanent heart valve condition resulting from an abnormal 

immune reaction to group A streptococcal infection typically occurring in childhood.[1] If left untreated, 

disease progression can result in irreversible heart valve damage, cardiac failure, stroke and premature 

death.[2,3] Significantly, RHD is a preventable and treatable chronic condition which mostly affects 

disadvantaged populations across the world.[2] Even though the disease has mostly been eradicated in 

North America and Europe, barring a few indigent pockets, it remains prolific in areas of the Middle East, 

the South Pacific, Africa as well as Central and South Asia.[2] 

The continued persistence of RHD contributes to considerable amounts of preventable morbidity and 

mortality, particularly among adolescents and young adults.[4] This adds additional strain to what are 

often already overburdened health systems with endemic regions, which are typically poorly resourced, 

bearing the brunt of the disease.[1,5] Furthermore the accurate detection of subclinical RHD in children 

and adolescents remains hampered by the cost of diagnostic machinery and scarcity of trained 

personnel.[6] Alternative RHD screening tests, which are both accurate and affordable, are therefore 

needed in many endemic areas. The value of such a screening test is that significantly more cases of 

subclinical RHD might be detected, thereby reducing the time to commencement of secondary 

prophylaxis and  thus, in turn, improving long term outcomes.[7]  

Recently, handheld echocardiography has become widely available with a variety of clinical uses.[8] 

Similarly, diagnostic accuracy has already been demonstrated in a number of studies assessing its value 

as a screening tool, despite some limitations such as lack of Doppler capabilities. Due to the non-

invasive, safe, portable and relatively inexpensive nature of handheld echocardiography, the device has 

been presented in recent publications as a promising alternative to standard echocardiography in 

resource-limited and remote settings.[4,8] In order to test this assertion the diagnostic accuracy of 

handheld echocardiography needs to be evaluated using a systematic approach. This review, therefore, 

proposes to evaluate the accuracy of handheld echocardiography for the detection of RHD in children 

and adolescents within a screening setting.  We seek to generate new quantitative evidence for 

clinicians and guideline developers to establish evidence-based guidelines for diagnosing RHD with 

handheld echocardiography. Ultimately, this will improve the management of patients with RHD, as 

effective treatment of subclinical RHD requires accurate and timely diagnosis. 
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Primary objective 

To determine the diagnostic accuracy of handheld echocardiography compared to standard 

echocardiography (2D, continuous-wave, and colour-Doppler echocardiography) performed by an 

experienced imager in conjunction with the 2012 World Heart Federation (WHF) criteria for the 

detection of any RHD in children and adolescents.  

Secondary objective 

To investigate potential sources of variation in relation to age, gender, geographical location, 

echocardiographic criteria and echocardiographer expertise in detecting subclinical RHD with handheld 

echocardiography.  

METHODS AND ANALYSIS 

The protocol was prepared according to the Preferred Reporting Items for Systematic review and Meta-

Analysis (PRISMA) guidelines. A PRISMA Protocol checklist is completed and included in appendix 1.[9] 

Inclusion and exclusion criteria 

We will include all primary observational studies which compare the diagnostic accuracy of handheld 

echocardiography to the reference standard; standard echocardiography performed by an experienced 

imager and in conjunction with the 2012 WHF criteria. Eligible studies can be of a cross-sectional, cohort 

or diagnostic case-control design, provided both cases and controls have been sampled from the same 

population. Studies which report on, or contain the data necessary to extract information on the 

proportions of true positives (TP), false positives (FP), true negatives (TN) and false negatives (FN) will be 

included. Studies which enrolled only those with a confirmed RHD diagnosis will be excluded on account 

of the potential for overestimation of sensitivity. Descriptive studies such as case studies/series will also 

be excluded from this review. Studies in which we are unable to generate two-by-two tables, as well as 

different studies which report on duplicate data will not be considered for inclusion in this review. �

We will consider all studies in which samples of study participants are either, a randomly, or 

consecutively selected series of individuals from populations in which RHD is prevalent worldwide for 

inclusion. For the purposes of this review, children and adolescents will be defined as being between the 

ages of 5 and 17 years (age range: ≥5 years to <18 years). More specifically, participants will be 

considered children if they are between 5 and 9 years of age and adolescents if they are between 10 and 

17 years of age. 
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We will include studies evaluating the accuracy of handheld echocardiography for RHD detection. There 

will be no restrictions regarding the type of handheld device used or the aptitude of person performing 

the cardiac ultrasound, however these data will be recorded and analysed accordingly. Studies will be 

deemed eligible for inclusion if the reference standard constituted the interpretation of 

echocardiographic findings using the 2012 WHF criteria when echocardiographic assessment by 2D, 

continuous-wave, and colour-Doppler echocardiography was performed by a cardiologist or cardiac 

sonographer. We will exclude all studies published before 2012 in order to omit any study which does 

not use standard echocardiography in conjunction with the 2012 WHF criteria as the reference standard. 

We will consider all studies which evaluate any RHD (definite and borderline) as the condition of interest 

for inclusion in this review. All case definitions will be consistent with the 2012 WHF criteria.[10]  

Search strategy 

A comprehensive electronic literature search of PubMed, Scopus, Web of Science and EBSCOhost will be 

conducted to identify relevant literature. No restrictions in terms of language will be applied during the 

search. Searches will however be limited to only include articles published from 2012 up until the 

present. All sources will be systematically searched using a combination, where relevant, of both free 

text words and Medical Subject Heading (MeSH) terms. Search strategies will be tailored to meet the 

requirements of each electronic database as in Table 1 below. Search terms will include synonyms for 

'rheumatic heart disease', 'echocardiography' and ‘handheld’. A list of all articles identified through the 

literature search will be compiled and references managed using Mendeley software. In addition, a 

manual search of all eligible articles' reference lists, articles citing eligible articles as well as relevant 

review articles will be carried out in order to identify any additional literature not identified by the 

comprehensive electronic literature search. Abstracts from any relevant conference proceedings will 

also be searched for among appropriate websites and followed up on if eligibility requirements are 

sufficiently met. Finally, experts in the field will be contacted for additional information where 

necessary.  

Selection of studies for inclusion 

The titles and/or abstracts of all articles identified by the literature search will be screened 

independently by two reviewers. Based on the predefined inclusion and exclusion criteria any clearly 

ineligible studies will be excluded. Following this, the full text versions of all potentially eligible studies 

will then be reviewed by two independent reviewers in order to assess their eligibility. Any discrepancies 

regarding eligibility will be resolved through discussion and consensus with a third reviewer.  
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Table 1 Search Strategy 

Database Search terms Limits 

PubMed  

((((((((((((((((Hand-held) OR handheld) OR hand held) OR hand-carried) OR hand carried) OR HAND) OR HCU) 

OR HHCU) OR pocket size) OR pocket sized) OR portable) OR miniaturization) OR miniaturized) OR focused) 

OR focus)) AND (((("Echocardiography"[Mesh]) OR echocardiography) OR echocardiographic) OR cardiac 

ultrasound)) AND ((("Rheumatic Heart Disease"[Mesh]) OR rheumatic heart disease) OR RHD) 

MeSH terms will be exploded during the search  

Limited to 2012-

2017 

Scopus  

1. Hand-held OR handheld OR hand held OR hand-carried OR hand carried OR HAND OR HCU OR HHCU OR 

pocket size* OR portable OR miniatur* OR focus* 

2. Echocardiograph* OR cardiac ultrasound  

3. Rheumatic Heart Disease OR RHD  

#1 AND #2 AND #3 

Limited to 2012-

2017 

ISI Web of Science  

1. Hand-held OR handheld OR hand held OR hand-carried OR hand carried OR HAND OR HCU OR HHCU OR 

pocket size OR pocket sized OR portable OR Miniaturization OR Miniaturized OR focused OR focus  

2. Echocardiography OR Echocardiographic OR cardiac ultrasound  

3. Rheumatic Heart Disease OR RHD  

Combine #1 AND #2 AND #3 

Limited to 

2012–2017 and 

filtering out 

MEDLINE 

EBSCOHost  

S1. Hand-held OR handheld OR hand held OR hand-carried OR hand carried OR HAND OR HCU OR HHCU OR 

pocket size OR pocket sized OR portable OR Miniaturization OR Miniaturized OR focused OR focus  

S2. Echocardiography OR Echocardiographic OR cardiac ultrasound  

S3. Rheumatic Heart Disease OR RHD  

S1 AND S2 AND S3 

Limited to 2012-

2017 
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Data extraction and management 

Using a predefined data extraction form, two reviewers will independently extract the following 

information from all studies meeting the criteria for inclusion; 

�� Study identifiers: Author(s), year of publication, journal 

�� Study characteristics: Study design, study country/setting/context, study 

population/participants, sample size, participant recruitment procedures, participant 

demographics and RHD prevalence (pre-test probability)  

�� Reference standard and index test details;  

�� General: test positive or negative 

�� Specific: individual findings on cardiac ultrasound 

�� Expertise of person(s) performing and/or interpreting tests: expert vs non-expert  

�� Diagnostic criteria: test threshold(s) 

�� Number of missing or unavailable test results 

�� Diagnostic test outcome measures: Sensitivity, specificity, positive and negative predictive 

values, number of TP, FP, TN and FN 

If necessary any disagreements will be resolved through discussion with a third reviewer until a 

consensus is reached. Any data missing from the reports of included studies will be requested from 

study authors. In cases where studies have used different diagnostic criteria for handheld 

echocardiography, attempts will be made to standardise them to mirror the 2012 WHF criteria as closely 

as possible. The information garnered through the data extraction process will be used to determine 

each study’s quality as well as for synthesising evidence. 

Risk of bias and quality assessment 

The Quality Assessment of Diagnostic Accuracy Studies (QUADAS-2) tool (see table 2) will be used to 

assess the risk of bias and concerns regarding applicability of all included studies.[11] The tool 

encompasses four domains which have been tailored to meet the specific requirements of the review. 

Two reviewers will independently assess the risk of bias in all included studies according to the revised 

QUADAS-2 criteria. Any discrepancies will be resolved through discussion until consensus is reached and 

with the assistance of a third reviewer if necessary. Both text and graphics will be used to demonstrate 

the results.          
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Table 2 Design-specific criteria to assess methodological quality  

CATEGORIES DOMAINS 

1. Patient Selection 2. Index Test (IT) 3. Reference Standard (RS) 4. Flow & Timing 

 

Description 

 

Briefly describe the methods of patient 

selection: 

Describe the IT (HAND), how it 

was conducted and interpreted: 

Describe the RS (STAND) how it was 

conducted and interpreted: 

Describe patients that did not 

receive HAND, &/or STAND or who 

were excluded from the 2X2 table: 

Describe the time interval & any 

interventions between the HAND 

& STAND: 

Indicator Questions  

(yes, no, unclear) 

Was a consecutive or random sample of 

patients enrolled? 

Were the HAND results 

interpreted without knowledge 

of the results of STAND? 

Was STAND likely to correctly 

classify the target condition? 

Was there an appropriate time 

interval between HAND & STAND? 

Was a case-control design avoided? Was a pre-specified threshold 

used? 

Were the STAND results interpreted 

without knowledge of the HAND 

results? 

Did all patients receive STAND & 

was it the same RS? 

Did the study avoid inappropriate 

exclusions? 

Were all patients included in the 

analysis? 

*Risk of Bias 

(low, high, unclear) 

Based on the indicator questions, could the 

selection of patients have introduced bias? 

Based on the indicator questions, 

could the conduct or 

interpretation of HAND have 

introduced bias?  

Based on the indicator questions, 

could STAND, its conduct, or its 

interpretation have introduced bias? 

Based on the indicator questions, 

could the patient flow and timing 

have introduced bias?  

Concerns Regarding 

Applicability  

(low, high, unclear) 

Describe included patients (prior testing, 

presentation, intended use of HAND and 

setting): 

Based on the description of included 

patients, are there concerns that the 

included patients do not match the review 

question? 

 

Are there concerns that HAND, 

its conduct, or interpretation 

differ from the review question? 

Are there concerns that the target 

condition as defined by STAND does 

not match the review question? 

 

 

 

 

* Criteria for Grading Risk of Bias: 

�� If all indicator questions for a single domain are answered “yes” then the risk of bias will be judged as being “low” 

�� If any indicator question is answered “no” then the potential for bias will be flagged and the review authors will be required to judge the risk of bias with the assistance of the 

senior author (ME) 

�� If all or most indicator questions were answered "no" then the risk of bias will be judged as being "high" 

�� Indicator questions are can only be answered as “unclear” when the data are insufficient to allow for the formulation of a judgment 

**Adapted from Whiting et al.[11] 
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Subgroup and sensitivity analyses 

Subgroup analysis may be performed, considering specific characteristics of the studies, such as 

echocardiography protocol, training background of the examiner, age and geographical location. 

We will conduct a sensitivity analysis to investigate the effect of variations in criteria on the overall 

accuracy of diagnosis. In addition we will explore the effect of excluding studies with a high risk of bias 

on the accuracy of summary estimates, sensitivity and specificity. We will not investigate publication 

bias.  

Statistical analysis and data synthesis 

We will first analyse data descriptively by plotting the sensitivity and specificity (including 95% 

confidence intervals) of all included studies in both forest plots and Receiver Operating Characteristic 

(ROC) space. These plots will be generated using the Review Manager software package.[12] If there are 

sufficient data, we will conduct a meta-analysis to produce summary results of sensitivity and specificity. 

Because we anticipate that studies will have different positivity thresholds due to the use of different 

sets of diagnostic criteria, we will pool the results using the Hierarchical Summary Receiver Operating 

Characteristic (HSROC) method. Meta-analysis will be performed using SAS/STAT
®
 software.[13]  We will 

also explore, through meta-regression, the relationship of test accuracy with categorical or continuous 

covariates such as test threshold.[14] 

Investigations of heterogeneity will initially begin by visually examining the forest and ROC plots for 

heterogeneity in sensitivity and specificity. We will then analyse the possible sources of heterogeneity as 

covariates in the statistical models. Potential sources of heterogeneity to be investigated as categorical 

variables include; age (children vs adolescents), sex (male vs female), geographical location (high vs low 

and middle income countries), diagnostic criteria (single vs multiple views and different thresholds) and 

echocardiographer expertise (expert vs non-expert). 

Presenting and reporting of results 

The study selection process will be summarised in the form of a flow diagram detailing the reasoning 

behind all exclusions. Results will be reported in accordance with the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) guidelines.[15]  

Ethics 

Ethics approval is not required for this systematic review of previously published literature.  
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Dissemination 

The planned review will provide a summary of the diagnostic accuracy of handheld echocardiography. 

Results may feed into evidence-based guidelines and will therefore be disseminated to members of the 

WHF criteria working group. Should the findings of this review warrant a change in clinical practice, a 

summary report will be circulated amongst leading clinicians and healthcare professionals in the field.  
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APPENDIX	1		

PRISMA-P	checklist		

Section/Topic	 #	 Checklist	Item	
Information	reported	 Page	

number(s)	Yes	 No	

ADMINISTRATIVE	INFORMATION	

Title	

	 	 Identification		 1a	 Identify	the	report	as	a	protocol	of	a	systematic	review	
	 	

2	

	 	 Update		 1b	 If	the	protocol	is	for	an	update	of	a	previous	systematic	review,	identify	as	such	
	 	

N/A	

								Registration		 2	
If	registered,	provide	the	name	of	the	registry	(e.g.,	PROSPERO)	and	registration	number	in	the	

abstract	 	 	
2	

Authors	

	 	 Contact		 3a	
Provide	name,	institutional	affiliation,	and	e-mail	address	of	all	protocol	authors;	provide	physical	

mailing	address	of	corresponding	author	 	 	
1	

	 	 Contributions		 3b	 Describe	contributions	of	protocol	authors	and	identify	the	guarantor	of	the	review	
	 	

10	

								Amendments		 4	
If	the	protocol	represents	an	amendment	of	a	previously	completed	or	published	protocol,	identify	

as	such	and	list	changes;	otherwise,	state	plan	for	documenting	important	protocol	amendments	 	 	
N/A	

Support	

	 	 Sources		 5a	 Indicate	sources	of	financial	or	other	support	for	the	review	
	 	

10	

	 	 Sponsor		 5b	 Provide	name	for	the	review	funder	and/or	sponsor	
	 	

N/A	

	 	 Role	of			 5c	 Describe	roles	of	funder(s),	sponsor(s),	and/or	institution(s),	if	any,	in	developing	the	protocol	
	 	

N/A	

Page 15 of 18

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

 on A
pril 8, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-020140 on 10 F

ebruary 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

								Sponsor/Funder		

INTRODUCTION	

								Rationale		 6	 Describe	the	rationale	for	the	review	in	the	context	of	what	is	already	known	
	 	

4	-	5	

							Objectives		 7	
Provide	an	explicit	statement	of	the	question(s)	the	review	will	address	with	reference	to	

participants,	interventions,	comparators,	and	outcomes	(PICO)	 	 	
5	

METHODS	

									Eligibility		

									Criteria		
8	

Specify	the	study	characteristics	(e.g.,	PICO,	study	design,	setting,	time	frame)	and	report	

characteristics	(e.g.,	years	considered,	language,	publication	status)	to	be	used	as	criteria	for	

eligibility	for	the	review	
	 	

6	

Section/Topic	 #	 Checklist	Item	 Information	reported	
Page	

number(s)	

								Information								

								Sources		

9	
Describe	all	intended	information	sources	(e.g.,	electronic	databases,	contact	with	study	authors,	

trial	registers,	or	other	grey	literature	sources)	with	planned	dates	of	coverage	 	 	
7	

								Search	Strategy		 10	
Present	draft	of	search	strategy	to	be	used	for	at	least	one	electronic	database,	including	planned	

limits,	such	that	it	could	be	repeated	 	 	
7	

Study	Records	

								Data				

								Management	

11a	 Describe	the	mechanism(s)	that	will	be	used	to	manage	records	and	data	throughout	the	review	
	 	

8	

								Selection				

								Process	

11b	
State	the	process	that	will	be	used	for	selecting	studies	(e.g.,	two	independent	reviewers)	through	

each	phase	of	the	review	(i.e.,	screening,	eligibility,	and	inclusion	in	meta-analysis)	 	 	
8	

								Data	Collection		

								Process	

11c	
Describe	planned	method	of	extracting	data	from	reports	(e.g.,	piloting	forms,	done	independently,	

in	duplicate),	any	processes	for	obtaining	and	confirming	data	from	investigators	 	 	
8	
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								Data	Items	 12	
List	and	define	all	variables	for	which	data	will	be	sought	(e.g.,	PICO	items,	funding	sources),	any	

pre-planned	data	assumptions	and	simplifications	 	 	
8	

								Outcomes	and		

								Prioritization	

13	
List	and	define	all	outcomes	for	which	data	will	be	sought,	including	prioritization	of	main	and	

additional	outcomes,	with	rationale	 	 	
10	

								Risk	of	Bias	in		

								Individual			

								Studies	

14	

Describe	anticipated	methods	for	assessing	risk	of	bias	of	individual	studies,	including	whether	this	

will	be	done	at	the	outcome	or	study	level,	or	both;	state	how	this	information	will	be	used	in	data	

synthesis	
	 	

8	-	9	

Data	

								Synthesis		

15a	 Describe	criteria	under	which	study	data	will	be	quantitatively	synthesized	
	 	

10	

15b	

If	data	are	appropriate	for	quantitative	synthesis,	describe	planned	summary	measures,	methods	of	

handling	data,	and	methods	of	combining	data	from	studies,	including	any	planned	exploration	of	

consistency	(e.g.,	I	
2
,	Kendall’s	tau)	

	 	
10	

15c	 Describe	any	proposed	additional	analyses	(e.g.,	sensitivity	or	subgroup	analyses,	meta-regression)	
	 	

10	

15d	 If	quantitative	synthesis	is	not	appropriate,	describe	the	type	of	summary	planned	
	 	

N/A	

							Meta-Bias(es)		 16	
Specify	any	planned	assessment	of	meta-bias(es)	(e.g.,	publication	bias	across	studies,	selective	

reporting	within	studies)	 	 	
10	

						Confidence	in		

						Cumulative				

						Evidence		

17	 Describe	how	the	strength	of	the	body	of	evidence	will	be	assessed	(e.g.,	GRADE)	
	 	

	

*Adapted	from	Moher	et	al.[9]	
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