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INTRODUCTION

Rheumatic heart disease (RHD) remains a major cause 
of morbidity and mortality in developing countries, 
causing more than 345,000 deaths annually.[1] The 
World Health Organization recommends screening in 
high-prevalence areas.[2] Echocardiography is the most 
sensitive test for the detection of subclinical RHD,[3] 
and modern ultrasound machines enable screening 
in remote and resource-limited settings. However, 
in most high-burden settings there are few trained 
cardiologists or technicians to perform or interpret the 
echocardiograms. Standard echocardiography training, 
comprising of a comprehensive theoretical curriculum 
and extensive supervision,[4] is not practical in these 

settings. Innovative programs are required to deliver 
echocardiography and cardiology services in countries 
with limited resources.[5]

Task shifting is the reallocation of clinical tasks to health 
workers with fewer qualifications, using shorter training 
periods.[6] Task shifting approaches can extend existing 
health services, but innovative programs are required 
to teach the new skills.[7] It is not known whether a 
focused training program can teach health workers 
the skills to perform accurate echocardiography. A 
pilot study demonstrated the feasibility of training two 
nurses,[8] and others have reported limited experience 
with training medical students.[9,10] We present here the 
training curriculum we developed for nonexpert health 
workers in basic echocardiography for RHD screening, 
initial results, and feedback.

MATERIALS AND METHODS

The study took place in Suva, Fiji, in the South Pacific. 
Fiji has among the highest burden of RHD globally.[11] 
The training program consisted of 1 week of classroom-
based workshops, followed by 7 weeks of supervised 
practical training [Figure 1]. The syllabus was enhanced 
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from the pilot study,[8] including a longer period of 
supervised field experience and greater emphasis on the 
optimization of two-dimensional images. Seven nurses 
with child health experience participated; none had any 
prior exposure to echocardiography.

The classroom-based workshops in the 1st week of 
training taught relevant cardiac anatomy and physiology, 
as well as basic knowledge about RHD and the rationale 
for screening. Teaching of pathophysiology focused 
on regurgitation and stenosis of the mitral and aortic 
valves. Nurses were introduced to the principles of 
ultrasound and echocardiographic views; and then 
taught a simplified 12-step protocol, limited to the left 
side of the heart [Table 1]. Practical sessions included 
the essentials of using the machines, and practice with 
volunteer children, including some with known RHD. A 
pediatric cardiologist and pediatrician facilitated the 
training.

During the following 7 weeks, nurses attended weekly 
interactive tutorials that built on these concepts [Figure 1]. 
Each week was dedicated to a key learning topic including 
the three echocardiographic views, optimization of 
images, and measurement of regurgitation. Nurses were 
also taught about differential diagnoses for regurgitation, 
including physiological regurgitation and closing 
volumes. Nurses spent the remainder of the training 
period practicing skills with volunteer children in a 
school setting, supervised by an experienced pediatrician 
and/or technician. Each week, nurses submitted their 
‘Best Echo,’ and training workbooks, demonstrating 
the learning objectives of that week. De-identified 
echocardiograms and workbooks were reviewed online 
by a pediatric cardiologist and pediatrician, who then 
provided individual feedback. Nurses were required to 
maintain a logbook of all training activities, and complete 
self-reflective learning exercises.

Interactive, small-group workshops facilitated 
experiential learning. Anatomical posters, heart models, 
and an echocardiography image and video library 
reinforced visual learning and pattern recognition. 
Daily formative assessments enhanced knowledge 
acquisition and motivation, and personalized feedback 
was given frequently. The nurses used the Sonosite 
M-Turbo® portable ultrasound machine, which is 
relatively affordable and portable whilst maintaining 
adequate quality for assessment of regurgitation with 
color Doppler mode. The teaching program had access 
to two machines between the seven nurses.

In the 8th (final) week, nurses’ skills in echocardiography 
was assessed. Each nurse screened eight volunteer 
children (from a total cohort of 16 children, including 
four previously diagnosed with RHD) and measured 
any valvular regurgitation. A technician performed an 
extended echocardiogram on all children. A pediatric 

Figure 1: Overview of echocardiography training program. 
RHD = Rheumatic heart disease

Table 1: Simplified 12-step echocardiographic 
protocol for rheumatic heart disease screening
View Valve Mode Identify 

regurgitation
Measure 

longest jet
PLAX Mitral 2D

Mitral Doppler Yes Yes
Aortic 2D
Aortic Doppler Yes Yes

PSAX Aortic 2D
Aortic Doppler Yes No
Mitral 2D
Mitral Doppler Yes No

Apical Mitral 2D
Mitral Doppler Yes Yes
Aortic 2D
Aortic Doppler Yes Yes

PLAX: Parasternal long-axis view, PSAX: Parasternal short-axis view, 
2D: Two-dimensional imaging mode, Doppler: Color Doppler mode

cardiologist reported all images. The overall quality of 
nurse’s echocardiograms was graded as:
1. Adequate;
2. Poor quality but assessment made; or
3. Not interpretable.

Although not powered as an evaluation of accuracy, the 
nurses’ assessment of regurgitation was compared to the 
cardiologist’s diagnosis of borderline or definite RHD on 
the technician echocardiogram, according to the 2012 
World Heart Federation criteria.[12]

Participants reported their knowledge of cardiac 
anatomy, physiology, and features of RHD before and 
after the training. A knowledge score (maximum of 15) 
was calculated from the sum of knowledge questions. 
Participants also completed a questionnaire on the 
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training components and design, such as length and 
difficulty of the program. Responses were grouped 
thematically and key quotes identified. The Fiji Human 
Research Ethics Review Committee approved the project.

RESULTS

At the end-of-training skills assessment, 55 of 56 (98%) 
nurse echocardiograms were of adequate quality for 
diagnosis. Four children were diagnosed with definite 
or borderline RHD on the technician echocardiograms. 
All nurses identified all RHD cases, but also recorded 
regurgitation in several children without RHD, where 
physiological regurgitation or closing volumes were 
visible on color Doppler.

Mean knowledge scores increased from 8.1 prior to 
training (range 5-15) to 14.9 (range 14-15) after training. 
On the feedback questionnaire, nurses described the 
classroom workshops as “interesting” and “easy to 
understand”, and the screening protocol as “easy 
to follow” and “helps me remember which image to do 
first”. Several nurses mentioned that during the practical 
weeks, supervisors were “very helpful” but “sometimes 
unavailable or too busy”. Most comments were strongly 
positive, particularly for the “opportunity to learn new 
knowledge and skills”. Two negative comments referred 
to the training being “very tiring” and the “wasted time 
waiting”. Most nurses judged the length of training to 
be appropriate, although two recommended “as least 
2 weeks for classroom theory,” and conversely, another 
suggested to “shorten the training to 1 month”. All 
nurses felt “well supported by colleagues and family”, 
and therefore the time away from home “was worth it”.

DISCUSSION

At the completion of our program, nurses were able 
to perform screening echocardiography of adequate 
quality, despite no prior relevant experience. Feedback 
on the training methods was strongly positive, and 
knowledge appeared to have increased. Increased access 
to echocardiography machines and trainers may allow 
a shorter training duration, although resources are 
unlikely to permit this in most settings. Further, trainers 
observed that mastery of the new skills took considerable 
time and the 8-week program consolidated learning 
through repeat experiences.

The results from our program are encouraging, but 
insufficient to draw conclusions about the effectiveness 
of training. We have commenced a follow-on study 
that will evaluate the accuracy of RHD screening by 
nonexpert operators using an adequately powered 
study design. Further refinements of training methods 
and screening protocols may lead to greater efficiency. 
For example, the parasternal short axis view may not be 

required. Screening models may need to be adapted to 
other regions, for example, in settings with low school 
enrolment. Developing a national population-screening 
program requires considerable further planning, 
including the scale-up of training and strategies to 
improve capacity in diagnosis and patient management.

Training health workers without prior experience to perform 
basic echocardiography is feasible, and may facilitate RHD 
screening in settings with limited resources. The training 
syllabus presented here may be useful for other programs 
planning to train nonexpert operators in RHD screening.
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