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Abstract—Point-of-care ultrasound (POCUS) has become a topical subject and can be applied in a variety of ways
with differing outcomes. The cost of all diagnostic procedures including obstetric ultrasound examinations is a ma-
jor factor in the developing world and POCUS is only useful if it can be equated to good outcomes at a lower cost
than a routine obstetric examination. The aim of this study was to assess a number of processes including accuracy
of images and reports generated by midwives, performance of a tablet-sized ultrasound scanner, training of mid-
wives to complete ultrasounds, teleradiology solution transmissions of images via internet, review of images by a
radiologist, communication between midwife and radiologist, use of this technique to identify high-risk patients
and improvement of the education and teleradiologymodel components. Themidwives had no previous experience
in ultrasound. They were stationed in rural locations where POCUS was available for the first time. After scanning
the patients, an interim report was generated by the midwives and sent electronically together with all images to
the main hospital for validation. Unique software was used to send lossless images bymobile phone using amodem.
Transmission times were short and quality of images transmitted was excellent. All reports were validated by two
experienced radiologists in our department and returned to the centers using the same transmission software. The
transmission times, quality of scans, quality of reports and other parameters were recorded and monitored. Anal-
ysis showed excellent correlation between provisional and validated reports. Reporting accuracy of scans per-
formed by the midwives was 99.63%. Overall flow turnaround time (from patient presentation to validated
report) was initially 35 min but reduced to 25 min. The unique mobile phone transmission was faultless and there
was no degradation of image quality.We found excellent correlation between final outcomes of the pregnancies and
diagnoses on the basis of reports generated by the midwives. Only 1 discrepancy was found in the midwives’ re-
ports. Scan results versus actual outcomes revealed 2 discrepancies in the 20 patients identified as high risk. In
conclusion, we found that it is valuable to trainmidwives in POCUS to use an ultrasound tablet device and transmit
images and reports via the internet to radiologists for review of accuracy. This focus on the identification of high-
risk patients can be valuable in a remote healthcare facility. (E-mail: sudhir.vinayak@aku.edu) � 2017 The Au-
thors. Published by Elsevier Inc. on behalf of World Federation for Ultrasound in Medicine & Biology. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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INTRODUCTION

Antenatal ultrasound has proven to be an extremely
useful examination during pregnancy. In realization
of its importance in clinical care, the International
Federation of Gynecology and Obstetrics (FIGO
2014) recently issued a recommendation that all preg-

nant women should be offered at least 2 ultrasound ex-
aminations at 11 1 0–13 1 6 wk and at 18–22 wk
(FIGO 2014). Indeed, this is the practice in most devel-
oped economies; however, many women in low
resource regions especially in sub-Saharan Africa will
still go through pregnancy without the benefit of even
a single ultrasound examination (Ostensen 2000;
Rijken et al. 2009; Sippel, et al. 2011).
Unfortunately, regions with low access to this
technology contribute significantly to the global
burden of perinatal morbidity and mortality.
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In the developing world, antenatal ultrasound is
available to only a few privileged people in urban centers;
yet the majority of the population live in rural areas with
little or no access to diagnostic services, and patients have
to travel long distances to access medical care. The cost
of ultrasound machines has decreased significantly in
the past few years and good-quality imaging can be per-
formed using portable machines that run off batteries,
which can be charged using solar power. As such, ultra-
sound is inexpensive, easy to perform and train personnel
in its use. Ultrasound machines are robust; thereby mak-
ing them easy to take to a rural setting where patients
need it most. Ultrasound as an imaging modality has
many advantages such as image resolution and definition
of anatomy, real-time imaging that allows immediate
diagnosis which can be precisely controlled by the oper-
ator, wide availability of ultrasound equipment and the
existence of multiple simple and straightforward prac-
tical techniques that cover a broad range of applications
(Allan et al. 2011). Furthermore, the availability of ultra-
sound in highly compact form allows its use in virtually
any location where medical care can be delivered
(Jones et al. 2009).

Another challenge in developing countries is the
extreme shortage of sonographers and doctors trained to
perform ultrasound. This shortage is so significant that
even urban areas have an acute shortage; ironically, the
number of trained nurses and midwives is far greater.
An innovative proposal would be to train midwives to
perform point-of-care ultrasound (POCUS) to identify
high-risk pregnant patients who can then be referred to
regional hospitals for further management. This arrange-
ment would be similar to a triage service that identifies
patients requiring further medical management. A key
feature of POCUS is that it is not a replacement for
comprehensive ultrasound practice but a focused ultra-
sound examination, often in suboptimal conditions,
with the goal being to identify high-risk patients. There-
fore, POCUS training and practice needs to reflect the nu-
ances of the particular region it covers (Dietrich et al.
2015). The specific applications and training methodol-
ogy should be tailored to suit the local environment
(Nathan et al. 2016).

This pilot project in Kenya focuses on training mid-
wives to perform basic ultrasound to identify high-risk
pregnancies. The project requires identifying midwives
who are up to the task of learning and performing ultraso-
nography, compiling and implementing a training curric-
ulum, establishing ultrasound facilities, transmitting
images and having Radiologists validating reports.

The tablet platform used is light, portable and has
the same resolution as a standard ultrasound machine.
In addition, the tablet platform has built-in software to
transmit images via the internet. The inclusion of this

software is an advantage over a routine ultrasound ma-
chine, which does not usually include transmission capa-
bility because the additional software is cost prohibitive.
The transmission software compresses the images to
make smaller packets that are easy to transmit and can
be uncompressed after transmission. A lossless image is
the final product whereby it does not lose any resolution
during transmission; as opposed to lossy images that lose
some resolution when uncompressed. Success of the pilot
project may be replicated on a national scale to provide
cost-effective antenatal care for women in rural areas.

OBJECTIVES

The primary objectives of our project are to: (i)
determine the accuracy of images and reports generated
by trained midwives performing basic obstetric ultra-
sound examinations at our satellite sites; (ii) evaluate per-
formance of a tablet-sized ultrasound scanner VISIQ
(Philips Ultrasound, Inc., Bothell, WA,USA) as sole ul-
trasound system for this obstetric triage system (Fig. 1).

The secondary objectives of our project are to: (i)
implement a teleradiology solution, including protocols
to guide communication between sites as a quality control
mechanism to review studies from newly trained frontline
healthcare providers; (ii) identify components of the edu-
cation and teleradiology model, which need to be further
improved to facilitate ultrasound examinations by inex-
perienced users.

MATERIALS AND METHODS

Design
This was a prospective cross-sectional study. A cur-

riculum was designed to teach midwives who had no pre-
vious training in ultrasound to independently work at a
healthcare facility to identify high-risk pregnancies. Im-
ages and provisional reports were sent to the main hospi-
tal using an innovative online teleradiology solution for

Fig. 1. VISIQ ultrasound machine with transducer (Philips Ul-
trasound, Inc., Bothell, WA).
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