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Abstract

Background: There are global disparities in the provision of maternal health care, with women from rural communities and under-
resourced countries expecting poorer access to healthcare services. This potentially compounds the existing higher burden of
maternal and neonatal morbidity within these populations. In this setting, point-of-care ultrasound (PoCUS) has the potential to
improve outcomes while mitigating challenges and barriers associated with the introduction of new medical technology.
Objectives: To explore the availability and impact of PoCUS use for antenatal care (ANC) in under-resourced settings.

Methods: Medline, Embase and Scopus were searched with no year limit. Studies were included if the participants were pregnant
women undergoing ANC in a rural setting or developing country and if the intervention was PoCUS use or training.

Results: A total of 3863 unique articles were identified, with 17 meeting the inclusion criteria. Studies originated from Africa,
Asia, Central America and Australia. All studies reported that POCUS use for ANC produced positive outcomes. PoCUS
introduction into routine ANC resulted in higher antenatal attendance and reduced maternal and neonatal mortality rates. It was
demonstrated that it was feasible to provide local healthcare workers with limited training to perform quality scanning and
reporting in their clinics. Methods and measures of these three primary outcomes varied between studies.

Conclusion: Integration of PoCUS into ANC in the settings examined improved outcomes in under-resourced areas. Further

research should investigate the availability of PoCUS services at a country level, the clinical impact and economic feasibility.

Keywords: antenatal care, developing countries, obstetric ultrasound, point-of-care ultrasound (PoCUS), rural communities,

under-resourced.

Introduction

Obstetric ultrasound has become an imperative component of
ANC worldwide, with the World Health Organisation recom-
mending that every pregnant woman should receive at least
one ultrasound before 24 weeks of gestation.' The Royal Aus-
tralian and New Zealand College of Obstetrics and Gynaecol-
ogy (RANZCOG) recommend for ultrasound examinations to
be performed at 8-14 weeks, 18-20 weeks and 36 weeks.”
Best practice guidelines from the International Society of
Ultrasound in Obstetrics and Gynaecology (ISUOG) advise
ultrasound in the first trimester up to 13 + 6 weeks of gesta-
tion’ and mid-trimester ultrasound between 18 and 22 weeks
of gestation. Third-trimester scans have become a part of a
routine practice in some European countries as well.”
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Antenatal ultrasound applications include gestational age,
identification of multiple gestations, foetal development
assessment, foetal anomaly detection and minimisation of
labour induction.."*®

Despite the well-documented benefits of antenatal care and
ultrasound, there are global disparities in access. Women in
under-resourced countries are less likely to attend antenatal vis-
its and access ultrasound services.”” Disparities persist within
countries, with rural communities less likely to access obstetric
ultrasound compared to women living in urban settings.®
These regions with reduced access to antenatal services are over
represented in global burden of maternal and neonatal mortal-
ity, and therefore, service provision needs to be improved to
allow equity in perinatal health outcomes."”'® Ultrasound utili-
sation for women located in rural communities has the added
benefit of aiding logistical arrangements.'" This may include
allowing mothers to reach appropriate care in preparation for
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delivery or to be referred to a larger centre for pregnancy man-
agement in high-risk cases."!

Barriers to women receiving adequate ANC in under-
resourced settings can be related to the service providers, the
service users (pregnant women) and inequitable distribution of
resources.'” Barriers include a large distance to services, scarcity
of health professionals trained to use the services, a lack of cul-
tural sensitivity by the service providers, limited accessibility to
reach the services and the associated costs.'”'> Common chal-
lenges to the introduction of new medical technology in under-
resourced settings can include the cost of the device, infrastruc-
ture such as a reliable electricity source, storage needs, ease of
use and limited applications for use.'"* PoCUS has been
demonstrated as a viable technology to mitigate these chal-
lenges due to the low outright and maintenance costs, portabil-
ity, compact size, simple use, minimal requirements for use and
the many potential applications.'*'®

The feasibility of PoCUS use in remote and under-resourced
settings has been demonstrated and intricacies reviewed.'*'®
Many studies in this area indicate that ANC is the most common
use for PoCUS, and maternal care may improve significantly
from the introduction of this technology."** The purpose of
this scoping review is to examine the global scope of literature
specifically regarding antenatal PoCUS in under-resourced areas,
such as developing countries and rural communities.

Methods

Identifying the research question

The research question developed to guide this scoping review
was ‘What is the availability and impact of antenatal PoCUS
services globally in low-resource settings?’. This question was
developed to produce a broad search strategy while remaining
specific to antenatal services, PoC or compact ultrasound and
low-resource settings. The term ‘low resource’ was used to
include communities disadvantaged due to rural location and
communities in developing countries with transferable barriers
to health care.

Identifying relevant studies
A systematic search was performed to identify the scope of the
literature regarding availability, accessibility and utilisation of
PoCUS for mothers undergoing ANC in regional and remote
areas. The keywords used were ‘mother*®’, ‘expectant’, ‘antena-
tal’, ‘maternal’, ‘pregan*®’, ‘prenatal’, ‘obstetric’, ‘point of care
ultrasound’, ‘PoCUS’, ‘point-of-care ultrasound’, ‘compact
ultrasound’, ‘portable ultrasound’, ‘ultrasound’, ‘ultrasonogra-
phy’, ‘sonography’, ‘availability’, ‘access’, ‘utilisation’, ‘impact’,
‘maternal health’, ‘neonatal health’, ‘developing countr®’, ‘re-
gional’, ‘rural’, ‘remote’, ‘indigenous’, ‘limited resource’, low
resource’, ‘isolated’.

Keywords were applied in Medline, Embase and Scopus. The
World Health Organization and other grey literature sources
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were searched, and a manual search of reference lists was
undertaken; however, no additional studies were identified
through this method. The last day of search was 18 August
2018.

Study selection
Studies were selected based on their participants, imaging
equipment and outcomes.

Data were included if the participants were expectant moth-
ers undergoing ANC in a regional, rural, remote or isolated set-
ting. Studies were included if the type of antenatal imaging
equipment used was described as point-of-care ultrasound,
PoCUS, compact ultrasound and/or portable ultrasound. Stud-
ies were included if the outcomes addressed the impact on
maternal and/or neonatal health, training, mortality, availabil-
ity, accessibility or utilisation. Studies were excluded if they
were not original publications or were not published in the
English language.

From the initial search, duplicates were removed. Titles and
abstracts were screened for eligibility based on the criteria
above, and full texts of potentially included studies were
retrieved and further assessed for eligibility. There were no
exclusions due to the year of the study as the inclusion criteria
yielded a small volume of relevant literature. Figure 1 details
the selection process.

Charting the data

A purpose-built Microsoft Excel sheet was used to extract rele-
vant data from the selected studies including the authors, study
design, setting, participants, type of PoCUS and the associated
outcomes. This extracted data were further screened and were
finally included if they addressed antenatal PoCUS use or ante-
natal PoCUS training in an under-resourced setting. Table 1

provides an overview of the demographics of the 17 studies
identified.

Data collation, summary and reporting of findings

A total of 17 studies were included for content data analysis.
Findings were categorised into continent regions and further
analysed in terms of availability, accessibility, utilisation, patient
and/or health professional perspectives, maternal outcomes,
neonatal outcomes, mortality and training outcomes.

Results

The initial search yielded 3863 original results; however, 17
studies remained for inclusion after screening, as per the study
protocol (see Figure 1). Majority of the results were observa-
tional studies, with 7 prospective cohort studies,”® ® 3 cross-
sectional studies” >’ and 1 retrospective data analysis.’® Other
study designs included a non-blinded clustered randomised
control trial,> a pre-post survey,’* a randomised control trial,*®
a blinded investigational study,’® a field action report®> and a
survey followed by a pilot project.”®
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Figure 1: Flow Chart of Study Selection Assessing Antenatal PoCUS in a Low-Resource Setting.

Variables between studies included the country, setting, study
design and the type of PoCUS used. Studies were categorised
into continent regions for analysis to allow differences in results
between country settings to be identified. The findings were fur-
ther grouped and categorised by outcome. Table 2 summarises
the outcomes of the included studies.

Africa

Africa was the region with the largest volume of literature, with
11 studies identified.*"*>** 2273133 Common themes
explored included the utilisation of ANC, clinical knowledge
and skills and patient outcomes.

Utilisation of ANC
Four observational studies reporting on the utilisation of ANC
demonstrated the association between the implementation of
PoCUS services and ANC attendance.*****"*® These studies used
variable measures of outcome such as ANC attendance, service
utilisation or the number of ANC interventions administered.
Amoah et al.>® used a pilot test to evaluate the implementa-
tion of low-cost mobile phones and PoCUS in four rural Ghana
communities. At least, one community health worker (CHW)
was equipped and trained in PoCUS use per community.”® One
hundred women who had been pregnant in the previous
5 years completed an initial pre-pilot survey to serve as a base-
line for comparison, and 323 pregnant women were followed
throughout their pregnancy as the pilot study.”® The
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implementation resulted in a statistically significant increase in
ANC utilisation and hospital deliveries.*® It was also indicated
that CHW’s can be easily equipped with PoCUS as part of a
prenatal care approach, allowing quality ANC to be accessible
to women in rural communities.®

Cherniak et al.’' explored the relationship between advertis-
ing the availability of PoCUS and ANC attendance in a non-
blinded clustered randomised control trial. Eight rural sub-
counties of Uganda were included, with four rural sub-counties
of Uganda randomised to a control arm (advertisement of
ANC without POCUS mention) and four sub-counties ran-
domised to different interventions (advertisements of ANC
with PoCUS).>! The interventions included a PoCUS word of
mouth advertisement, a PoCUS word of mouth advertisement
with ANC radio advertisement, and word of mouth and radio
advertisement of both ANC and PoCUS.>" The ANC atten-
dance rate was highest when PoCUS was mentioned in both
radio advertisement and word of mouth advertisement, and
was significantly higher than in the control communities (rate
of attendance was 65.1 per 1000 pregnant women compared to
11.1 per 1000 pregnant women in the control).”’

Mbuyita et al.** used a cohort study to investigate the effects
of introducing PoCUS on the utilisation of ANC services and
healthcare facility deliveries. Ten health facilities in a rural dis-
trict of Tanzania were selected, with five as control facilities and
five facilities receiving POCUS equipment and training.** Two
hundred and fifty-seven pregnant women were surveyed across
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Table 1: Characteristics of included studies.

Region

Study

Design

Setting

Participants

Aim

Africa

Amoah et al. (2017)%

Survey preceding pilot
project

Rural Ghana

Four communities

To evaluate the impact
of mobile phones and
POCUS implementa-
tion on ANC atten-
dance

Cherniak et al.

Non-blinded clustered

Rural and isolated

Eight facilities

To determine the effec-

(2017)* randomised trial Uganda tiveness of advertising
POCUS on the uptake
of ANC
Mbuyita et al. (2015)** Prospective cohort Rural Tanzania 10 facilities Determine the effects
of introducing POCUS
on the number of ANC
visits
Ross et al. (2014)% Retrospective data Rural Uganda One facility To determine the effect
analysis pre-post inter- of introducing POCUS
vention on ANC utilisation
Kinnevey et al. Prospective cross sec- Rural Uganda 12 midwives Determine the cost of

(2016)%

tional

providing POCUS
equipment and an
antenatal POCUS
training programme

Greenworld et al.

Prospective cohort

Rural Mozambique

Nine nurses and clini-

To implement an

(2014)* cal officers obstetric ultrasound
training programme
Kimberly et al. Prospective cohort Rural Zambia 21 midwives To teach focused
(2009)% obstetric ultrasound to
midwives using
POCUS
Vinayak et al. (2017)° | Prospective cross sec- Rural Kenya Three midwives To train midwives to
tional perform basic obstetric
POCUS
Bentley, Hexom & Nel- | Prospective longitudi- Urban Liberia 31 midwives To evaluate a POCUS
son (2015)% nal curriculum
Swanson et al. Field action report Rural Democratic One facility To identify the chal-

(2017)%

Republic of the Congo

lenges of implementing
antenatal POCUS in a
rural study site

Rulisa et al. (2016)°

Prospective cross sec-
tional

Urban Rwanda

386 pregnant women

To evaluate the change
in patient management
with POCUS use for
emergency obstetric
conditions

Central America

Crispin Milart et al.
(2016)%

Prospective cohort

Rural Guatemala

Three nurses

Impact of training and

introducing POCUS on

maternal and neonatal
outcomes
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Table 1. Continued

Region Study Design

Setting Participants Aim

Vyas et al. (2018)** | Blinded investigational

study

Determine the feasibil-

ity of training medical

students in ROUTE to
perform POCUS

Rural Panama Eight medical students

(15 year)

Asia Kozuki et al. (2016)% Prospective cohort

Determine the accu-
racy of training health
workers to assess
obstetric risk factors in
homes using POCUS

Rural Nepal Three auxiliary nurse

midwives

Dalmacion et al.
(2018)%

Prospective cross sec-
tional

To determine the
impact of POCUS on
maternal and neonatal
deaths

Urban and rural Philip-
pines

20 community health
workers

Neufeld et al. (2009)** | Randomised control

trial

To determine the accu-
racy and precision of
training paramedics to
perform foetal biometry
measurements using
POCUS

Rural Bangladesh Nine paramedics

Australia Glazebrook, Manahan

& Chater (2005)*2

Pre-post survey

To evaluate a POCUS
programme (obstetric
and emergency
medicine)

Rural and remote Aus- 61 doctors

tralia

the ten facilities to generate comparative data.”* The introduc-
tion of PoCUS did not result in a statistically significant change
among women attending ANC services at least once; however,
an increase in the percentage of women attending ANC clinic
four times or more (27.2% to 60.3%) was observed.* There was
also an increase in referrals made to higher facilities, due to the
additional detection of abnormal conditions using PoCUS.**

Ross et al.®® retrospectively analysed the total number and
rate of ANC interventions and attendance, prior to and after
the implementation of PoCUS at a clinic in rural Uganda. Data
of anti-parasitic treatment, HIV testing, intermittent preventive
therapy for malaria and iron and folate provision were used for
analysis.”® The implementation of PoCUS was associated with
an increase in ANC attendance and an increase in the number
of antenatal interventions provided.*® The increase in antenatal
interventions is potentially beneficial to the maternal and
neonatal health of the community; however, longitudinal stud-
ies are required to validate this hypothesis.

Training- clinical knowledge and skills

Five observational studies from Africa reporting on PoCUS
training were identified.*""*******’ These studies investigated
the current clinical skills and/or outcomes of introducing ante-
natal PoCUS training and services in rural clinics. Variable
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measures of outcomes were used including the clinicians’ self-
rated knowledge, reporting accuracy compared to the trainers
and observed structured clinical examinations (OSCE).

Kinnevey et al.”® used a cross-sectional design to investigate
the cost of providing 12 midwives from different rural Ugandan
health facilities with PoCUS equipment and a 6-week antenatal
PoCUS training programme. The total cost of equipping a pow-
ered rural facility was $6888 USD ($3669 for training and
$3219 for a Mindray DP-10) and a non-powered site was
$8288, as additional costs were required to maintain the service
using solar power.”® A pre-training self-assessment survey was
administered to assess the prior ultrasound knowledge of the
midwives and the nature of their clinics.”® The self-assessed
scores ranged between ‘not at all comfortable’ and ‘somewhat
comfortable’ in 9 of 11 selected diagnoses, with higher scores in
understanding the clinical significance than management of
diagnoses.”® Combined the midwives managed over 6700 ANC
visits with a low referral rate (3.2%), demonstrating that mid-
wives were the primary physicians responsible for management
of care®®,

Greenworld et al.”" evaluated the effectiveness of an 8-week
obstetric ultrasound training programme using a cohort study
in rural Mozambique. Nine nurses and clinical officers were
trained using one week of lectures, 7 weeks of practical training

l.21
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Table 2: Summary of scoping review results.

et al. (2014)%

clinical officers

rates of multiple
conditions
between trai-
nees scanning
alone and under

Region Type of Studies Population Outcomes
POCUS o -
for ANC Knowle.dge Utilisation Patient Other
intervention and skills outcomes outcomes
Africa Utilisation of Amoah et al. Four 1 Antenatal Less likely to 1 Hospital deliv-
ANC (2017)%® communities attendance have a miscar- eries
riage or practice
self -medication
Cherniak et al. Eight facilities 1 Antenatal
(2017)* attendance
Mbuyita et al. 10 facilities = Attendance of 1 Referrals to
(2015)% ANC once higher facilities
1 Four or more
antenatal visits
Ross et al. One facility 1 Antenatal
(2014)% attendance
1 Antenatal
interventions
provided
Training Kinnevey et al. 12 midwives Minimal comfort Cost for provid-
(2016)% levels in man- ing a health
agement of facility with
diagnoses pre- training and
training equipment is
$6888 -$8288
Greenworld Nine nurses and | Equal detection

supervision
Kimberly et al. 21 midwives 1 OSCE scores 1 Change in
(2009)? at 2 months clinical manage-
1 OSCE scores ment
at 6 months
Vinayak et al. Three midwives High reporting
(2017)% accuracy
Bentley, Hexom 31 midwives 1 Comfort levels
and Nelson 1 OSCE scores
(2015)% 1 Test scores
immediately
post-training
| Test scores
1 year post-
training
Swanson et al. One facility Challenges
(2017)% include
equipment
security,
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Table 2. Continued

Region Type of Studies Population Outcomes
POCUS - -
for ANC Knowledge Utilisation Patient Other
intervention and skills outcomes outcomes
electricity,
servicing,
ordering
supplies and
engaging
health care
workers
Patient Rulisa et al. 386 pregnant 1 Change in
outcomes (2016)% women clinical manage-
ment
Central America Training Vyas et al. Eight medical High reporting
(2018)* students (1°t accuracy
year)
Patient out- Crispin Milart Three nurses | Maternal mor- 1 Referrals to
comes et al. (2016)% tality higher facilities
| Neonatal mor-
tality
Asia Training Kozuki et al. Three auxiliary High reporting
(2016)% nurse midwives accuracy
High inter-rater
reliability
Dalmacion et al. 20 community High reporting | Maternal mor-
(2018)% health workers accuracy tality
1 Neonatal mor-
tality
Neufeld et al. Nine parame- Acceptable
(2009) dics intra- and inter-
observer errors
Australia Training Glazebrook, 61 doctors 1 Test scores
Manahan & 1 Self-rated
Chater (2005)%2 confidence and
expertise

1 statistically significant increase, { statistically significant decrease, = no significant change.

and 10 months of remotely supported scanning.*' The study
compared the results of the trainees scanning under supervision
of the trainer and scanning alone.*' The detection rates of twin
pregnancies, breech presentations, transverse presentations and
placenta previa cases were similar between the two groups,
while the detection of foetal anomalies was higher when the
trainees were scanning under supervision.*!

Kimberly et al.** used a cohort study to evaluate an obstetric
PoCUS training programme and the change in clinical manage-
ment with PoCUS use in rural Zambia. Twenty-one midwives
were trained with 2 h of interactive teaching followed by
3 weeks of supervised scanning at the beginning of the

180 AJUM August 2019 22 (3)

programme, the 2-month mark and the 6-month mark.*> An
OSCE demonstrated that the midwives had an improvement at
both the 2-month (69% improvement) and 6-month mark
(83%).%* About 16.5% of the total scans performed by the mid-
wives prompted a change in a patient’s clinical management,
including increased antenatal visits and referral to a larger facil-
ity.”?

Vinayak et al.*® assessed the feasibility of training rural mid-
wives in obstetric PoOCUS and mobile phone transmission tech-
nology, by conducting a cross-sectional study in rural Kenya.
Three midwives were trained over a 4-week period utilising
online modules, lectures, practical training and scanning under
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direct supervision.”” The midwives’ competency was assessed
through a test upon completion of the online modules and an
exit examination, where 100% was required to pass.”’ Two hun-
dred and seventy-one pregnant women were independently
scanned by the three midwives, and the images produced were
electronically sent for evaluation.”® The reporting accuracy of
the midwives” images was 99.63%, and only one discrepancy
was found between trainee and evaluator reporting.”

Bentley et al.*® evaluated an obstetric PoCUS training cur-
riculum using a prospective cohort study in Liberia. Thirty-
one midwives underwent a 1-week programme including a
theoretical, practical and supervised scanning components.*®
The training programme was evaluated using a pre-post sur-
vey of comfort levels using PoCUS, a post-training test to
assess the midwives’ knowledge and an OSCE.*® Fourteen
midwives were retained for a longitudinal evaluation at
1 year.”® There was a statistically significant increase in test
scores, comfort levels using ultrasound and OSCE results
between the pre-workshop scores and post-workshop scores;
however, the test scores showed decreased knowledge at the
one-year evaluation (36.6% pre-training, 90% post-training
and 66% 1-year evaluation).*®

Training—challenges

Swanson et al.>> was the only study identified to directly analyse
the challenges associated with the implementation of antenatal
PoCUS. The key challenges associated with training nurses, mid-
wives and clinical officers in a 2-week course and providing
PoCUS equipment were identified in a field action report from
the rural Demographic Republic of the Congo segment’ of the
‘First Look Ultrasound Study’.”” The security of the equipment
and providing an electricity source were easily corrected chal-
lenges, using solutions such as locking the equipment and provid-
ing solar panels.” Servicing the machines provided a greater
challenge as the PoCUS unit needed to be shipped to the manu-
facturers to manage repairs, proving to be costly and timely.>
Limited supplies, such as ultrasound gel and paper towels for
cleaning the gel, were required but necessitated bulk ordering and
planning.”® Engaging healthcare workers for training and to pro-
vide PoCUS scanning in their clinic was a challenge as it required
structural and workflow change.’® The challenge of ensuring
ample patients were presenting to the clinic on days of training
was negated by notifying women in advance.”

Patient outcomes

Two observational studies from Africa were identified which
reported on the impact of antenatal PoCUS implementation on
patient outcomes.”>*° The intervention used, and outcome
measures varied between both studies.

The study by Amoah et al.*® has been further described pre-
viously in terms of ANC attendance and the increase with the
introduction of PoCUS. The survey also demonstrated that
women who attended ANC were less likely to have a
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miscarriage or practice self-medication and were more likely to
have a hospital delivery.*®

Rulisa et al.*> used a cohort study to prospectively review
PoCUS use for emergency obstetric conditions in a Rwandan
tertiary hospital and the impact on patient management. All
obstetric patients admitted over a 4-month period were cate-
gorised by their pre- and post-PoCUS diagnosis severity.”
Three hundred and eighty-six obstetric patients were admitted,
and all received PoCUS assessment.”” Nine patients with an ini-
tially benign pre-scan diagnosis were changed to a life-threaten-
ing diagnosis post-scan.”> Twelve patients’ classification
changed from moderate to severe post-scan.> Six patients were
scanned for analysis of foetal well-being and were diagnosed
with placenta previa post-scan.*’

Central America

Two of the identified studies were from Guatemala, Central
America.’”** A prospective cohort study analysed the impact of
antenatal PoCUS training on clinical outcomes,”® while a
blinded investigational study evaluated the effectiveness of an
antenatal PoCUS training programme.**

Crispin Milart et al”® addressed the impact of training
nurses in and introducing PoCUS on maternal and neonatal
outcomes by conducting an observational study in the rural dis-
tricts of Guatemala. Three nurses were trained using a 1-week
programme and provided with a prenatal care kit comprised of
PoCUS equipment and dried blood screening tests.”” These
nurses attended 762 pregnant women as the intervention
group.20 A control group of 747 pregnant women received care
from the community facilitator, as per common practice in this
area.” Five maternal deaths were reported in the control group
(two from post-partum haemorrhage and three due to external
causes), whereas no maternal deaths were reported in the inter-
vention group.”” A 64% reduction in neonatal mortality rate
was observed in the intervention group in comparison with the
control group.”® Seventy women were referred to higher facili-
ties for management in the intervention group due to condi-
tions detected by ultrasound, including foetal malpresentation
(66%), multiple gestation, placenta previa and amniotic fluid
problems.*’

Vyas et al’* used a blinded investigational study to train
eight-first-year medical students from the University of Califor-
nia in the Rural Obstetrical Ultrasound Triage Exam (ROUTE),
to perform ANC using PoCUS in rural Panama. Sixty pregnant
women in their second or third trimesters were scanned in the
study, where biparietal diameter, head circumference, foetal
presentation and placental location were measured.”* Upon
review by an experienced obstetric physician, the students cor-
rectly assessed biparietal diameter in 95.3% of cases and head
circumference in 90.0% of cases.’* This suggests that healthcare
workers with limited PoCUS training can utilise ROUTE to
screen for high-risk conditions in pregnant women in low-
resource settings.34
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Table 3: Training programme differences.

Study Participants

Training duration Measurement tools

Kinnevey et al. (2016)% 12 midwives

6 weeks Pre-training self-assessment survey

Greenworld et al. (2014)%' Nine nurses and clinical officers

8 weeks Compared detection rates of condi-
tions when trainees scanning under
supervision of the trainer and scan-

ning alone (10 month period)

Kimberly et al. (2009)?2 21 midwives

9 weeks OSCE to measure ultrasound ability
and skill retention (at 2 months and

6 months)

Vinayak et al. (2017)%® Three midwives

4 weeks Agreement between the readings
produced by the trainees and the

trainers

Bentley et al. (2015)* 31 midwives

1 week Test and survey—pre, post and one
year

OSCE—post and one year

Crispin Milart et al. (2016)%° Three nurses

1 week Maternal and neonatal morbidity

rates

Vyas et al. (2018)% 18t

Eight medical students (1** year)

Not specified Agreement between the readings
produced by the trainees and the

trainers

Kozuki et al. (2016)% Three auxiliary nurse midwives

2 weeks Sensitivity and specificity measures
between two participants’ results of

the same patient

Dalmagcion et al. (2018)*" 20 community health workers

78 h Agreement between the readings
produced by the trainees and the
trainers

Neufeld et al. (2009)* Nine paramedics

6 weeks Agreement between the readings
produced by the trainees and the

trainers

Glazebrook et al. (2005)% 61 doctors

2 days Pre-post knowledge questionnaire

Asia

Three of the included studies were from Asia, all reporting on
the effectiveness of training health workers from rural commu-
nities in obstetric PoCUS.*>*”>* All studies used a comparison
between the trainees’ reporting and the reviewers’ reporting;
however, the methods used and outcomes varied.”**”**

Kozuki et al>® evaluated the accuracy of training health
workers in Nepal to assess obstetric risk factors using PoCUS in
a cohort study. Three auxiliary nurse midwives were provided
with two 1-week ultrasound trainings one-month apart, com-
prised of lectures, demonstrations and supervised scanning.>®
No test of competency was used pre- or post—training.23 Home
visits were provided to 804 pregnant women in their third tri-
mester, where two auxiliary nurse midwives examined each
woman to calculate inter-rater reliability.>> Sensitivity, speci-
ficity, positive and negative predictive values were between 90
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and 100% for the three auxiliary nurse midwives.”> For cases of
multiple gestation, there was 100% agreement with the auxiliary
nurse midwives and the sonogram reviewers.*>

Dalmacion et al.*” used a cross-sectional study to analyse the
maternal and neonatal outcomes associated with training 20
community healthcare workers (six doctors, five nurses and
nine midwives) in antenatal PoCUS at an urban and rural site
in the Philippines. Pre-post tests were used to assess the train-
ing; however, the only results reported from this testing was
that training outcomes did not differ between the two loca-
tions.”” Four hundred and sixty women were scanned, with
31.7% showing abnormal findings (most commonly foetal mal-
presentation 124/146).>” PoCUS utilisation potentially averted
6.3% maternal deaths and 14.6% neonatal deaths at the time of
delivery.”” About 95% agreement was measured between the
readings produced by the trainees and the trainers.>’
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As a component of a larger randomised intervention trial,
Neufeld et al.*® investigated the accuracy and precision of
training paramedics to perform foetal biometry measurements
using PoCUS in rural Bangladesh. Nine paramedics from dif-
ferent clinics received a 6-week training course consisting of
general ultrasound theory, technique training and practical
experience.”” One hundred and eighty women were scanned by
the participants and then the study supervisor to determine
accuracy and precision of the trainees” results.”> Intraobserver
error of the paramedics’ measurements ranged from 0.97 mm
(mean standard deviation) for first-trimester biparietal diame-
ter to 7.25 mm for the abdominal circumference in the third
trimester.” Interobserver error ranged from 0.00 mm for
femur diaphysis length to 3.36 mm for abdominal circumfer-
ence in the third trimester.”> All measurement errors were
within the specified acceptable range.*?

Australia

One study specific to antenatal PoCUS in a rural setting was
identified from Australia.”* Glazebrook et al.>* used a pre- and
post-workshop questionnaire to evaluate an obstetric and emer-
gency medicine PoCUS programme provided to 61 rural or
remote Australian doctors. A 2-day workshop was provided in
four Australian states consisting of lectures and practical expe-
rience with PoCUS use.’® The questionnaire consisted of a self-
rated confidence level section and a knowledge test section
(multiple choice and true or false questions).”> A statistically
significant increase in knowledge was observed by the test and
the self-rated confidence and expertise in intermediate obstetric
ultrasound by the participants.’® All participants had varying
degrees of previous knowledge and clinical experience in
PoCUS; therefore, it is difficult to draw precise conclusions.

Discussion

This is one of limited reviews to analyse antenatal PoCUS use
in rural communities and under-resourced settings. While there
is a volume of literature regarding antenatal ultrasound imple-
mentation, the associated benefits and the barriers in develop-
ing countries, there is minimal literature specific to antenatal
PoCUS.

All studies which addressed the utilisation of ANC demon-
strated that the introduction of PoCUS produced a statistically
significant increase in pregnant women attending and utilising
ANC services.”****"*° Each study used different interventions
and methods, with Cherniak et al.*! providing the most robust
results exploring the effects of different methods of advertise-
ment. The utilisation of PoCUS, and in turn ANC, was influ-
enced by the mother’s awareness of this technology, and
therefore, the advertisement method largely influenced results
produced. Increased ANC attendance and ANC interventions
can improve maternal and neonatal outcomes, and therefore,
PoCUS introduction can potentially produce benefits by associ-
ation as well as primary outcomes from the scan (e.g.
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identification of anomalies). Longitudinal investigations of
maternal and neonatal health of the community are required to
validate this hypothesis.

The clinical skills and performance of healthcare workers fol-
lowing limited antenatal PoCUS training was the most commonly
investigated outcome, with six studies from Africa,>"?>2%2%2%3
one study from Central America,”" three studies from Asia
and one from Australia.”* This totals 11 of the 17 included stud-
ies. There were many differences between the training provided
including the participants, the duration of the training pro-
gramme and the measurement tools (see Table 3).

A standardised method of training evaluation should be used
in the future to allow accurate comparison of results. Some
studies did not directly assess the participants knowledge
post-training, creating difficulties in accurate assessment of the
effectiveness of the programme. In all instances, it would be
beneficial to evaluate the training programme provided in addi-
tion to reporting the further outcomes associated with antenatal
PoCUS implementation to contribute to increasing the litera-
ture on this topic. An OSCE would provide the most structured
evidence; however, this may not be achievable in under-
resourced settings as it would require additional time and plan-
ning. A pre-post survey provides less robust evidence; however,
it can be a more feasible method. There is also the opportunity
for qualitative feedback provided by the participants in a sur-
vey, in terms of what staff would prefer or require in the train-
ing specific to their practice. Follow-up of the participants and
evaluation of reporting is especially beneficial to ensure the
post-training outcomes are reflected in clinical practice.

It is evident on reflection of results that the sustainability of
skills was associated with access to PoCUS equipment. In stud-
ies which provided the trainees with equipment, skills were
maintained and developed upon follow-up,** whereas in studies
where the trainees had limited access to equipment, skills were
degraded®® (but still higher than pre-training). The transient
nature of staff posed an additional challenge, as when the
trained staff move this resource was lost for the community.*®
PoCUS training of permanent healthcare workers in these rural
communities should be prioritised and include incentives to
maintain these staff.”® This can include ensuring that the equip-
ment is well functioning, adequate service pathways are in
place, and there is support from larger centres.”®

Further research should focus on the sustainability of skills
and to longitudinally evaluate the impact on clinical outcomes
as a result of the training and PoCUS introduction into routine
ANC. All 11 studies provided evidence that training local
healthcare workers to utilise POCUS for ANC was feasible and
effective. The primary physicians responsible for the manage-
ment and administration of ANC in the community should be
the staff trained to provide the best utilisation of PoCUS. The
value of antenatal PoCUS use should be maximised by provid-
ing a referral path for the management of mothers requiring a
higher level of care.

23,27,33
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There is no literature worldwide detailing the availability of
PoCUS services within countries or the utilisation of these
services. This review clearly demonstrates that PoCUS for
ANC can directly influence the identification, diagnosis and
treatment of conditions associated with maternal and neona-
tal morbidity in under-resourced settings.”>*>*” As explained
previously, women in rural communities and developing
countries suffer worse pregnancy outcomes, and yet, these
are the regions with the least provision of services."”'
Implementation of PoCUS equipment, training and addi-
tional services to ensure sustainability is extremely cost-effec-
tive (as explored by Kinnevey et al) and does not present
significant technical and logistical challenges (as explored by
Swanson et al.). It is unacceptable that preventable maternal
and neonatal deaths are occurring on a global scale, espe-
cially in countries where the funding for this simple and
effective solution is available. Resource allocation and funding
for PoCUS need to be addressed by governing bodies to
improve the current inequitable health status. Further
research may involve the availability of PoCUS or obstetric
ultrasound services on a country level to document and high-
light the inequities in service provision to provide evidence
for government funding.

Conclusion

Antenatal PoCUS implementation in rural and wunder-
resourced communities can result in an increased uptake of
ANC service utilisation and reduce maternal and neonatal mor-
bidity. With limited training, local healthcare workers can accu-
rately determine gestational age, number of gestations and
identify foetal anomalies in all trimesters. Challenges for service
implementation include electricity supply and establishing
pathways for equipment servicing and maintenance. PoCUS is
an exceptionally cost-effective method of providing quality
ANC to pregnant women to improve outcomes in areas with
minimal facilities. Further studies should investigate producing
an ideal standardised method of obstetric PoCUS training, lon-
gitudinally evaluating the maintenance of skills developed from
training, evaluating the direct impact on clinical outcomes as a
result of service provision, the availability of PoCUS services
and an ideal method for increasing utilisation of PoCUS when
the service is available.
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