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Abstract

Background Obstetric ultrasound has become a routine part of antenatal care in many parts of the world including
low income settings. However, there is a shortage of radiologists and sonographers to perform routine obstetric scans
in many areas especially in the rural settings of low income countries, despite having equipment available to do this.
As a result, Point of care ultrasound (POCUS) has been suggested to bridge this gap by training other health workers
such as midwives to perform basic obstetric ultrasound as part of their clinical care.

Methods It was a prospective cohort pilot study in which trained midwives in point of care obstetric ultrasound
were followed up at 6 months post training to assess their knowledge retention. Eleven trained midwives were
purposively selected and followed up for knowledge retention. These were trained for 6 weeks and were given a
knowledge assessment immediately after training, then given an assessment at 6 months following training. Data was
analyzed using SPSS. Wilcoxon signed rank test was used to compare assessments and perceived knowledge as well
as Spearman correlation to test the relationship between the number of scans performed and exam assessments,
knowledge and exam assessments, and number of scans and knowledge.

Results There were eleven midwives, all female with an average age of 42.3 years. The mean exam score (out of 50)
was 44.2 at the end of the training and 42.9 at 6-months follow up. The midwives demonstrated higher perceived
knowledge at the end of the training when compared to the 6-months follow up. However, this perceived higher
knowledge was not statistically significant when correlated with the exam scores either at the end of the training or at
the follow up of 6 months.

Conclusion This pilot study has demonstrated that training midwives in point of care obstetric ultrasound can result
into acceptable levels of knowledge retention that assist the midwives to apply this knowledge when making routine
clinical decisions in relation to pregnant women.
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Introduction
Point of care ultrasound (POCUS) has become an inte-
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gmubuuke@gmail.com globe [1-3]. This has been due to the relatively low num-
Radiology Department, School of Medicine, College of Health Sciences, bers of radiologists and sonographers that are formally

Makerere University, Kampala, Uganda trained to perform comprehensive obstetric ultrasound

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12884-023-05429-4&domain=pdf

Mubuuke and Nassanga BMC Pregnancy and Childbirth (2023) 23:104

scans [1]. Therefore, there has been a need to transfer
some of the basic obstetric ultrasound skills and knowl-
edge to other health professionals directly responsible for
looking after pregnant women such as midwives. POCUS
refers to the practice of other health professionals who
are not imaging experts using ultrasound to diagnose
basic emergency cases without waiting for a qualified
imaging professional [3]. POCUS in obstetric situations
has become one of the most important application of role
extension to have midwives acquire key knowledge and
skills to perform emergency obstetric scans during their
routine clinical duties. This improves and quickens the
management of these mothers.

POCUS is a fast method used by health workers to
assist them to make quick clinical decisions during rou-
tine clinical practice, and it has been implemented in
many settings [1-5]. In many low income settings, there
are usually few radiologists and sonographers espe-
cially in rural based health facilities to perform obstetric
ultrasound scans. This leads to many pregnant women
seeking these services to wait for long times or resort
to seeking the service from private health facilities. In
some situations, they are referred to large urban health
care facilities for obstetric scanning. This, however, may
delay management. It has thus been argued that train-
ing midwives in basic point of care obstetric ultrasound
would bridge this shortage in the short term. Some basic
obstetric ultrasound parameters that are assessed during
antenatal care can thus be transferred to the attending
midwives. Previous literature has documented the posi-
tive role of POCUS [6-8]. The aim is to transfer some of
the key basic ultrasound skills to other health workers to
accelerate patient management.

POCUS training for non-radiology health care provid-
ers has taken root in various settings [9, 10]. In Kenya,
a POCUS training program was successfully introduced
in 2013 to address the rural health work force shortage
in performing ultrasound scans [6]. In this study, it was
reported that it is useful to have focused training with
well-defined outcomes to increase the proficiency of
other health workers in using ultrasound during their
routine clinical work. Despite the fact that Uganda has
started advocating for such training programs to be
introduced especially for rural-based midwives that rou-
tinely manage pregnant women, there is a scarcity of
published literature from the context of low income set-
tings reporting the knowledge retention levels of trainees
when longitudinally followed up over a defined period of
time.

Various health professionals have been trained in
POCUS obstetric ultrasound including those from low
income countries [3]. However, the extent of knowledge
retention among midwives especially from low income
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settings where POCUS has taken root has not been
widely determined. This is very crucial because knowl-
edge and skills acquisition might be high initially, but may
decay overtime which eventually affects the application
of what has been learnt. This has been reported to occur
in many educational interventions. In this study, our
working hypothesis was that a dedicated 6-week training
course in POCUS obstetric ultrasound among midwives
who handle obstetric cases can allow the trained mid-
wives to retain this knowledge and apply the knowledge
6 months later. This was a pilot study whose purpose was
to assess retention of knowledge and its application after
6 months following POCUS training among midwives at
a rural hospital in Uganda.

Methods

Design and participants

This was a prospective cohort study in which the mid-
wives trained in POCUS obstetric ultrasound were fol-
lowed 6 months post training to assess their knowledge
retention as the outcome. Eleven midwives who con-
sented, were selected to participate in this pilot study.
Purposive sampling was used to select the midwives.
The inclusion was that a participant had to be a midwife
because these are the people who mostly handle the preg-
nant mothers at the hospital including deliveries before
doctors intervene. In addition, they should not have been
trained in POCUS before. Midwives with prior POCUS
training were excluded from the study as their prior
knowledge would confound the findings. Only those who
consented to be part were included in the study. The mid-
wives stay at the hospital premises and therefore would
come into the training sessions. The Principal Nursing
Officer assisted to inform the midwives and also obtain-
ing them to be part of the study.

POCUS training

A POCUS curriculum was developed in obstetric ultra-
sound by a panel of experts who agreed on the final
competencies. The experts included 4 radiologists and 3
sonographers. The key competencies that were targeted
included: identification of a fetus, identification of num-
ber of fetuses, identifying a fetal heartbeat, demonstrating
fetal lie and presentation, localizing the placenta, assess-
ing maternal cervical length, assessing amniotic fluid
adequacy, estimating fetal age using Mean Sac Diameter
(MSD), Crown Rump Length (CRL) & Biparietal Diam-
eter (BPD). The training, which was entirely physical
attendance was for 6 weeks and had both didactic and
practical sessions. There were 6 didactic classes, one class
each week. Each lesson lasted one and a half hours. Each
week also had 2 h of practical demonstrations on a preg-
nant woman. After the 6 weeks, the participants were
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then free to apply the knowledge gained in POCUS dur-
ing their clinical situations.

Data collection

Participants completed a questionnaire which captured
the number of scans they had performed, a pre- and
post-self-rated knowledge tool on a 10-point scale. The
questionnaire tool used was formulated by the research
team and was first piloted with 2 midwives before
administering it to the rest of the participants. This is
because instruments in literature were not very specific
to the Ugandan setting as POCUS outcomes differ for
different contexts. The tool contained information on
number of scans performed and self-rated knowledge
on the targeted outcomes as described in the POCUS
curriculum above. They also completed an exam that
comprised of 50 multiple choice questions. Of the 50
questions, 36 were written and 14 were video based.
After 6 months, the trainees completed a follow up ques-
tionnaire as the first as well as the exam that contained
similar content areas as the first one. Their self-rated
knowledge of obstetric ultrasound and exam scores were
then compared between end of the training and then
6 months following the training. The exam completed
was set by the ultrasound experts. The exam questions
also were centered around the targeted POCUS out-
comes explained above.

Analysis

Data was analyzed using SPSS (SPSS 24; IBM, Armonk,
NY, USA, 2016). Statistics were provided for the end
of training data as well as following 6 months after the
training. Since this was a pilot study with just small num-
bers of trainees, we used non-parametric tests of associa-
tion. In order to compare total, written and video exam
assessments, as well as the perceived knowledge between
end of training and following 6 months, the Wilcoxon
signed rank tests were used. We used Spearman cor-
relations to test the relationship between the number of
scans performed and exam assessments, knowledge and
exam assessments, and number of scans and knowledge.

Ethics

Ethical approval to conduct the study was granted by
Makerere University School of Health Sciences Research
Ethics Committee (REC No. 2019-080). Additional
administrative clearance to conduct the study was also
obtained from Kiwoko Hospital.

POCUS training outcomes

The training was for a period of 6 weeks. The first two
weeks comprised of didactic lectures on the basic prin-
ciples of ultrasound and the last four weeks focused on
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practical obstetric ultrasound scanning with the patients.
The participants were trained by both radiologists and
sonographers. The targeted outcomes included: identifi-
cation of a live fetus, identification of number of fetuses,
identifying a fetal heartbeat, demonstrating fetal lie and
presentation, localizing the placenta, assessing maternal
cervical length, assessing amniotic fluid adequacy, esti-
mating fetal age using Mean Sac Diameter (MSD), Crown
Rump Length (CRL) and Biparietal Diameter (BPD)
and demonstrating professionalism and ethics during
scanning.

Results

The purpose of this study was to assess knowledge reten-
tion of midwives following POCUS training at Kiwoko
hospital in Uganda. The entire POCUS training involved
25 nurses and midwives combined. However, for this
pilot study of assessing knowledge retention at 6 months
follow up, we purposively selected 11 midwives as they
directly deal with pregnant women on daily basis. There-
fore, the findings presented here relate to the 11 midwives
that were followed up at 6 months post-training. How-
ever, to give an indication of Kiwoko Hospital parameters
regarding staff numbers and obstetric volume, Table 1
summarizes this information. For this specific study, all
the eleven midwives were female with an average age of
42.3 years.

The mean exam score (out of 50) was 44.2 at the end of
the training and 42.9 at 6-months follow up. The mean
video exam scores (out of 14) for the two points in time
were 12.4 and 11.6 respectively. The equivalent for the
written exam scores (out of 36) were 32.1 and 31.6. The
Wilcoxon signed rank test showed no statistical signifi-
cance when the three comparisons were made (Video,
p=0.13; Written, p=0.70; Total, p =0.49).

At the end of the POCUS training, all the 11 mid-
wives reported being competent with using obstetric
ultrasound while at the end of 6 months, 9 out of 11
midwives reported that they were competent in using
ultrasound. The midwives demonstrated higher per-
ceived knowledge (out of 10) at the end of the training
(7.9) when compared to the 6-months follow up (5.7),
p=0.002. However, this perceived higher knowledge

Table 1 Kiwoko Hospital Characteristics

Item Number
Mid-wives 48
Nurses 136
Medical Officers 15
Monthly Deliveries 300
Monthly obstetric emergencies 70
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Table 2 Number of scans performed during 6-week POCUS

training.

Participants Number
of scans
performed

Participant 1 20

Participant 2 18

Participant 3 17

Participant 4 23

Participant 5 26

Participant 6 19

Participant 7 20

Participant 8 21

Participant 9 17

Participant 10 21

Participant 11 22

Table 3 Number of scans performed between conclusion of
6-week training and endline period of 6 months.

Participants Number
of scans
performed

Participant 1 68

Participant 2 65

Participant 3 50

Participant 4 55

Participant 5 65

Participant 6 70

Participant 7 50

Participant 8 60

Participant 9 60

Participant 10 63

Participant 11 64

was not statistically significant when correlated with
the exam scores either at the end of the training
(rho=0.31, p=0.33) or at the follow up of 6 months
(rho=0.16, p=0.61).

On average, the number of obstetric scans completed
during the training and following 6-months were 60
and 5 respectively. Table 2 shows the number of scans
performed by each participant during the 6-week
POCUS training while Table 3 summarizes the num-
ber of scans performed by each participant between
the conclusion of the 6-weeks training and the endline
period of 6 months. No correlation was noted between
the number of scans performed during POCUS train-
ing and the post exam score (rho=0.031, p=0.91).
However, a significant correlation was noted between
the number of scans performed during the POCUS
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training and perceived knowledge gained at 6-months
follow up (rho=0.802, p =0.004).

Discussion

The purpose of this pilot study was to assess knowledge
retention of midwives after going through POCUS train-
ing in obstetric ultrasound. The midwives do handle
pregnant mothers on daily basis and we thus thought it
was wise to follow these up to determine their application
and retention of this ultrasound knowledge at 6 months.
Previous studies have followed up POCUS trainees at
6 months to assess knowledge retention [2, 3]. The goal of
POCUS is to transfer some of the basic ultrasound skills
to non-imaging health professionals such that these skills
assist them in making clinical decisions to manage their
patients. This also addresses the critical shortage of imag-
ing professionals in many settings especially low income
settings [4]. In this study, the midwives demonstrated
minimal decrease in knowledge even at 6 months follow
up as can be evidenced in the exam scores. This finding is
similar to what has been previously reported. For exam-
ple, in one study following a 13-days ultrasound course in
echocardiography and perioperative ultrasound, anaes-
thetic interns sustained similar exam scores at the end of
the training and at 90 days later [11]. However, another
study reported that the residents’ ultrasound knowledge
increased in 2.5 h following a training workshop in ultra-
sound, but this knowledge significantly decreased twelve
months later [12].

Generally, when knowledge and skills are not frequently
used, they tend to decay over time. In this study, the
midwives® perception was that their ultrasound knowl-
edge had decreased at 6 months post-training. However,
this was not corroborated by the exam scores obtained
between the two points in time. The likely explanation
for this is multifactorial. First, is the idea of reinforce-
ment and dispersed learning [13, 14]. This relates to the
fact that perhaps the midwives incorporated the POCUS
knowledge and skills gained into their routine clinical
practice when managing obstetric cases at the hospital.
They therefore had opportunities to constantly apply
the knowledge and skills learnt hence leading to longer
term retention. However, the other reason could be the
proctored POCUS training that was used that led to long
term retention. This kind of training has been reported
in other ultrasound training initiatives [15]. In addition,
the practical hands on training by the facilitators during
the 6 weeks of training plus the learning materials left
behind could have contributed to constant referral to
these materials hence longer term knowledge retention.

Due to the shortage of radiologists and sonographers in
many low income settings including Uganda where this
study was conducted, there have been efforts to transfer
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some basic ultrasound skills to other health profession-
als especially in rural settings so that they are able to use
ultrasound to inform some of their quick clinical deci-
sions. Obstetric ultrasound has thus been identified as
one area where POCUS involving midwives is crucial
as part of antenatal care. Despite these efforts however,
there has been no empirical evidence to show whether
targeted POCUS actually works over a sustained period
of time to achieve the intended objective. This pilot study
has thus demonstrated that targeted POCUS training
may vyield the envisaged objective over time as the mid-
wives followed up at 6 months demonstrated satisfactory
retention of ultrasound knowledge.

In our cohort, those who completed more scans dur-
ing the POCUS training had higher perceived knowl-
edge at 6 months follow up. This means that frequent
practice of ultrasound may result in attainment of
clinical competency in scanning, self-efficacy and self-
confidence, a key principle in learning [16]. This is
accentuated by the fact that the trainees received ade-
quate feedback from the trainers during the POCUS
training, hence further improving their proficiency. The
number of scans completed was not uniform across
the midwives and there was no prescribed number of
scans that each participant had to perform. Each par-
ticipant performed the scans according to their need in
their routine clinical work. In addition, the midwives
had no prior training in POCUS, hence any knowledge
retention noted in this study could readily be attribut-
able to our training intervention. However, one cannot
rule out the fact that since the midwives knew that they
would be re-tested at 6 months, they perhaps put in
more effort to master the knowledge and skills taught
and this may not necessarily guarantee that this level of
proficiency can be sustained even beyond the 6 months.
The amount of training, duration and clinical experi-
ence during POCUS required to achieve adequate pro-
ficiency in ultrasound for non-imaging professionals
is still a subject of debate [17, 18]. This coupled with
a lack of proper standardized curriculum, regulation
and supervision still pose a challenge around POCUS
training. What is however clear is that adequacy of
training should be tagged to competency-based assess-
ment where clear learning outcomes are well defined
in any POCUS curriculum [19]. This study has demon-
strated that those trained can actually attain that level
of knowledge retention to aid their clinical practice and
we believe that findings from this study do contribute
to the current debates surrounding POCUS training
and knowledge retention, especially from the context
of low income settings where POCUS has taken root,
but with a dearth of published literature to provide evi-
dence that it may work. Country-specific training in
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POCUS need to involve radiology professional bodies
in setting up standards and supervision mechanisms
for the trainees.

This pilot study did not set out to evaluate impact of
POCUS training among midwives on health outcomes
and indicators such as reduced referrals, reduced
maternal mortality due to obstetric emergencies and
others. This needs more time as the trainees continue
to use POCUS to demonstrate real impact on obstet-
ric health outcomes. As such, more studies following
trainees over longer periods of time to demonstrate
real impact on health indicators are recommended in
future. In addition, from this study, there seems to have
been optimal utilization of POCUS by the midwives as
each of them at least performed more than 50 scans
post training. This further indicates that POCUS can
be utilized, but also points out that the need is great
as many mothers do report to the facility for obstetric
scans. This is also justified by the fact that the hospi-
tal receives a substantial number of obstetric cases as
can be seen from Table 1. Although Kiwoko hospital
where this study was conducted had fairly stable power
supply, standby generators and fairly good numbers
of staff, the demand for POCUS in many other low-
resource settings can be affected by a number of factors
such as power shortages and low numbers of health
workers which should be put into consideration when
designing POCUS programmes.

The small sample size used in this study is a limita-
tion. Therefore, findings may not be generalizable.
However, it should be noted that this was a pilot study
which has thus yielded important evidence that can be
used to scale up and design larger studies to inform the
practice of POCUS training. In addition, having a con-
trol group would perhaps have increased the rigor of
the study. Lastly, our 6 months follow up assessment did
not involve real practical bedside ultrasound scanning
exam to assess and compare self-reported efficacy and
real technical ability. Due to technical reasons, we could
not do a real bedside ultrasound practical exam. The
focus of this study was mainly on ultrasound knowledge
retention following POCUS training and not necessarily
technical proficiency with the ultrasound machines at
the bedside. However, previous literature has reported
that exam scores could provide some level of predic-
tion on how the trainee can perform in a practical
exam. We thus do recommend further studies in many
other settings that involve follow up of more trainees
over a longer period of time, incorporate real practical
bedside ultrasound scanning in the testing to compare
self-reported efficacy and real technical ultrasound scan-
ning ability and perhaps have designs that have a control

group.
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Conclusion

This pilot study has demonstrated that intensive POCUS
training in obstetric ultrasound for midwives involving
both didactic and practical sessions can result into satis-
factory retention of knowledge that could be applied in
routine obstetric care by the midwives. More studies are
needed to determine if this longer retention can result
into real clinical proficiency and positive impact to the
pregnant women.
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