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By Dr J Godown & Dr A Beaton  

handheld echocardiography:  
how new technology could improve 
the practicality and affordability of 
rheumatic heart disease screening

Rheumatic heart disease (RHD), the result of 
untreated or undertreated streptococcal infec-
tions, is responsible for high morbidity and 
mortality among children and young adults 

worldwide [1-3].  New prevalence data estimate the cur-
rent global burden of RHD to be 32.9 million patients, 
with the vast majority of them living in low-resource 
populations [4].  Currently, the most cost-effective strat-
egy for RHD control starts with the identification of 
patients with acute rheumatic fever (ARF) or RHD 
[1].  Once identified, these patients can be placed on 
penicillin prophylaxis (secondary prophylaxis), which 
can arrest disease progression and sometimes lead to 
disease regression.

It stands to reason that the earlier a patient with RHD is 
identified, the greater is the potential for the prevention 
of disease progression.  Certainly, this is true in patients 
with documented clinical ARF and early-stage RHD 
[5, 6].  However, in the developing world, identifying 
these patients can be challenging.  Most patients with 
RHD are diagnosed late in the course of disease with 
advanced valvular involvement and serious complica-
tions [7], and few patients remember a clinical history 
of ARF [8].  

Screening asymptomatic children and young adults for 
latent RHD offers the chance for earlier disease detection 

and thus treatment  before clinical symptoms develop.   
Given this potential, the World Health Organization (WHO) 
advocates screening for RHD in asymptomatic youths living 
in endemic areas [3].  In the 1980s the WHO undertook 
large-scale auscultation-based screening programs involv-
ing 1.4 million children in 16 developing countries; 3,000 
cases were identified with previously undiagnosed RHD 
(prevalence 2.2%) [9].  Unfortunately, auscultatory screen-
ing has been shown to have both poor sensitivity and poor 
specificity for the detection of RHD [10, 11].  Echocar-
diography, which has become more widely available, has in 
contrast, high sensitivity, and can detect  3-10 times as many 
patients with latent RHD compared to auscultation [12-14].
Despite these advantages , there has been essentially no 
global uptake of national echocardiography-based RHD 
screening programs.  There are many reasons for this.  
First, there remains uncertainty regarding the clinical 
relevance and natural history of children found to have 
latent RHD [15].  Secondly, before echocardiographic 
screening programs can be launched, many low-resource 
areas need first to develop the critical infrastructure for 
registry-based secondary prophylaxis programs [16]. 
Thirdly, the practicality and affordability of echocardio-
graphic screening (in particular the implementation and 
cost-effectiveness of echocardiography in low-resource 
settings) requires further investigation,. 
Compared to standard portable echocardiography 
(STAND), handheld echocardiography (HAND), offers 
a more cost-effective option.  HAND has been shown to 
have reasonable sensitivity and specificity for early RHD 
detection, with excellent performance in the detection of 
more significant valvular involvement [17].  We recently 
studied the performance of HAND compared to STAND 
and auscultation for the diagnosis of latent RHD. 

METHodS/RESulTS

Our group recently conducted a large-scale RHD screen-
ing study at schools in Gulu, Uganda comparing STAND 
(using either the Vivid Q/I system from GE Healthcare  
Electric; or the CX50 system from  Phillips),  with HAND, 
(using  a VScan system from GE Healthcare )and aus-
cultation in the diagnosis of  latent RHD [18-20]. Each 
child underwent STAND examination performed by an 
experienced echocardiographer. Any child with evidence 
of aortic or mitral valve disease, plus a randomly selected 
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group of children with normal results also underwent HAND 
and auscultation.  STAND studies were reviewed by 6 blinded 
experienced cardiologists.  RHD was classified as borderline 
or definite based on STAND findings using the 2012 World 
Heart Federation (WHF) criteria for the echocardiographic 
diagnosis of latent RHD [Table 1]  [21].  HAND lacks spectral 
Doppler capability (required by the WHF diagnostic guide-
lines), and therefore modified WHF criteria were used to 
classify HAND studies  Auscultation was performed by two 
experienced local physicians.  Patients were classified as nor-
mal if no murmur was present or if the murmur was felt to 
be physiologic in nature [Table 2].  All other murmurs were 
classified as mitral or aortic regurgitation, mitral or aortic 
stenosis, or other.   
STAND was performed on a total of 4,773 children, with 
HAND being carried out in 1,420 and, of these, auscultation 
was carried out  1,317 (93%).  Figure 1 shows typical RHD 
findings by HAND.  Definite RHD was detected in 52 chil-
dren (1.1%) and borderline RHD in 140 (2.9%). Compared 
to STAND,  HAND showed good sensitivity and specificity 
for RHD detection (78.9% and 87.2% respectively), but was 
most sensitive for definite RHD (97.9%) [18].  Compared to 
auscultation, HAND showed markedly improved sensitivity 
for any RHD (78.4% vs. 16.4%, p < 0.0001) and for definite 
RHD (97.8% vs. 22.2%, p < 0.0001) [Table 3] [19].

dIScuSSIoN

While auscultation has traditionally been the screening method 
of choice for the detection of RHD in the developing world, 
it has both low sensitivity and low specificity for latent RHD.  

Auscultation alone will miss a significant number of cases, 
thereby limiting opportunities for early intervention with sec-
ondary prophylaxis.  STAND is highly sensitive for the detection 
of RHD, but also has high equipment costs.  Even with the high 
start-up costs, new data suggest that echocardiographic screen-
ing for RHD offers an economic advantage over both clinical 
screening and no screening at all [22, 23].  The development 
of smaller and more affordable echocardiography machines 
(HAND) holds great potential to improve the practicality and 
affordability of RHD screening programs.  While the reported 
sensitivity and specificity of HAND is lower than STAND, we 
believe that it offers reasonable case detection, missing very 
few cases of definite RHD.  Additionally, given limited access 
to STAND, HAND offers significant improvement in both sen-
sitivity and specificity compared to auscultation.

Despite these encouraging early results, further work is 
needed prior to recommending the widespread use of 
HAND for RHD screening.  In the studies reported here, 
HAND screening examinations were both performed and 
interpreted by experts.  Severely limited human resources 
in most RHD endemic areas make it unlikely that future 
screening efforts could be carried out by experts.  Task-
shifting of echocardiographic screening is essential if RHD 
screening is to become a sustainable public health initia-
tive.  Use of non-experts will require simplified screen-
ing and interpretation protocols.  Early work, including 
that derived from our recent study [20], shows that the 
use of a very simplified approach based only on aortic 

Figure 1.  Pathologic findings consistent with RHD detected by HAND. A) Apical 
4-chamber view: mitral stenosis by two-dimensional imaging. B) Apical 4-chamber 
view: mitral stenosis by color Doppler. C) Parasternal long-axis view: mitral regurgita-
tion by two-dimensional imaging.  D) Parasternal long-axis view: mitral regurgitation 
by color Doppler. [19]

TABlE 1. 2012 WHF guidelines for echocardiographic diagnosis of RHD in 
patients aged < 20 years. [19, 21]

TABlE 2. 2012 WHF guidelines for diagnosis of pathologic regurgitation. [19, 21] 
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and mitral valve function (in contrast 
to valve function and morphology) 
holds promise.  Standardized training 
programs for education and compe-
tency testing are also needed.  Recent 
efforts by Engelman and colleagues 
have demonstrated the feasibility of 
this approach [24], and the develop-
ment of interactive internet-based 
modules (www.wiredhealthresources.
net/EchoProject/) have advanced this 
goal.  Combining these two features, 
Mirabel and colleagues recently con-
ducted a field evaluation of non-
experts using HAND and a simplified 
screening approach [25].  Following a 
short, focused training period, non-
experts using HAND demonstrated 
both good sensitivity (81%) and spec-
ificity (91%) for RHD case detection.  
Our group recently completed a sim-
ilarly promising field study, testing 
the use of our simplified criteria [20] 
and HAND by non-experts (currently 
under review).

Importantly, even as we advance research 
into HAND for RHD screening, we must 
remember that RHD screening cannot be 
recommended in a vacuum.  Improve-
ments in the penicillin supply chain and 

improved clinical infrastructure are 
essential to ensure safe medication admin-
istration and long-term follow-up.  Further 
study into the natural history of latent RHD 
is needed to understand which patients are 
at highest risk of disease advancement and 
should be therefore be placed on penicil-
lin prophylaxis.  Further cost-effectiveness 
analyses are also needed to look at various 
screening strategies, including how less-
expensive technology changes the cost/ben-
efit balance.  For these goals to be achieved, 
a priority must be placed on education and 
advocacy aimed at raising the global profile 
of RHD and ensuring RHD is included on 
the health agendas of low-resource nations.

coNcluSIoN
Hand-held echocardiography (HAND) 
is a more cost-effective option for 
deployment of echocardiography-based 
screening programs in low-resource 
settings.  We found that HAND per-
formed reasonably well for early RHD 
detection compared to STAND, and 
that its performance was nearly per-
fect for the detection of definite RHD.  
Additionally, HAND offered significant 
improvements compared to ausculta-
tion alone. While important questions 
and the need to develop critical infra-
structure for RHD care remain before 
echocardiography-based RHD screen-
ing can be recommended globally, 
HAND represents a critical advance-
ment in the development of sustain-
able and affordable RHD screening 
programs worldwide.
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