PLOS ONE

Check for
updates

G OPEN ACCESS

Citation: Isabirye N, Kisa R, Santos N, Shah S,
Mulowooza J, Walker D, et al. (2021) Ultrasound at
labour triage in eastern Uganda: A mixed methods
study of patient perceptions of care and providers’
implementation experience. PLoS ONE 16(11):
€0259770. https://doi.org/10.1371/journal.
pone.0259770

Editor: Frank T. Spradley, University of Mississippi
Medical Center, UNITED STATES

Received: February 3, 2021
Accepted: October 26, 2021
Published: November 12, 2021

Copyright: © 2021 Isabirye et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: Data will be made
available after acceptance.

Funding: DW as principal investigator for the PTBi
study (parent study for this one) received funding
for the study from the Bill and Melinda Gates
Foundation. https://www.gatesfoundation.org/. The
sponsors had no role in study design, data
collection or analysis, decision to publish or
preparation of the manuscript.

RESEARCH ARTICLE

Ultrasound at labour triage in eastern
Uganda: A mixed methods study of patient
perceptions of care and providers'
implementation experience

Nathan Isabirye®'*, Rose Kisa', Nicole Santos?, Sachita Shah®, Jude Mulowooza',
Dilys Walker®*, Peter Waiswa'

1 School of Public Health, Makerere University, Kampala, Uganda, 2 Institute for Global Health Sciences,
University of California San Francisco, San Francisco, California, United States of America, 3 Department of
Emergency Medicine, University of Washington, School of Medicine, Seattle, WA, United States of America,
4 Department of Obstetrics, Gynaecology & Reproductive Sciences, University of California San Francisco,
San Francisco, California, United States of America

* isabiryenathan5 @ gmail.com

Abstract

In settings where antenatal ultrasound is not offered routinely, ultrasound use when a
woman first presents to the maternity ward for labour (i.e., triage) may be beneficial. This
study investigated patients’ perceptions of care and providers’ experience with ultrasound
implementation during labour triage at a district referral hospital (DH) and three primary
health centers (HC) in eastern Uganda. This was a mixed methods study comprising ques-
tionnaires administered to women and key informant interviews among midwives pre- and
post-ultrasound introduction. Bivariate analyses were conducted using chi-square tests.
Qualitative themes were categorized as (1) workflow integration; (2) impact on clinical pro-
cesses; (3) patient response to ultrasound; and (4) implementation barriers. A total of 731
and 815 women completed questionnaires from the HCs and DH, respectively. At the HC-
level, triage quality of care, satisfaction and recommendation ratings increased with imple-
mentation of ultrasound. In contrast, satisfaction and recommendation ratings did not differ
upon ultrasound introduction at the DH, whereas perceived triage quality of care increased.
Most participants noted a perceived improvement in midwives’ experience and knowledge
upon introduction of ultrasound. Women who underwent a scan also reported diverse feel-
ings, such as fear or worry about their delivery, fear of harm due to the ultrasound, or relief
after knowing the baby’s condition. For the midwives’ perspective (n = 14), respondents
noted that ultrasound led to more accurate diagnoses (e.qg., fetal position, heart rate, multi-
ple gestation) and improved decision-making. However, they noted health system barriers
to ultrasound implementation, such as increased workload, not enough ultrasound-trained
providers, and irregular electricity. While triage ultrasound in this context was seen as bene-
ficial to mothers and useful in providers’ clinical assessments, further investigation around
provider-patient communication, system-level challenges, and fears or misconceptions
among women are needed.
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Introduction

Utilization of obstetric ultrasound in many low-and middle-income countries (LMICs) has
increased due to improvements in machine durability, portability, and affordability [1-5]. Pre-
vious studies in LMICs indicate that trained midwives have the capacity to diagnose different
obstetric conditions using ultrasound during pregnancy [6,7]. For example, a maternal ultra-
sound-training program was offered to 21 midwives in a rural health district in Zambia [8].
Quality assurance related to placental location and fetal heart interpretation showed greater
than 90% agreement between learners and external reviewers. Furthermore, 17% of scans
prompted a change in clinical decision-making, such as increased antenatal care visits, referral,
admission for observation, or labour induction. In another study, 14 health centre midwives in
rural southwest Uganda were trained over a 6-week period to conduct limited, screening
obstetric ultrasound. They demonstrated that ultrasound corrected clinical exam findings
6.7% to 12% of the time, including identification of early pregnancy complications (e.g.,
ectopic pregnancy, incomplete/compete abortion), as well as malpresentation and multiple
gestation [9]. Thus, midwife-administered ultrasound may be valuable in early and accurate
diagnosis of certain conditions during pregnancy, and subsequent clinical decision-making.

Despite the utility of obstetric ultrasound, its implementation in some African settings has
been characterized by challenges to both providers and patients. In Rwanda, midwives
reported differing views on the use of ultrasound, unequal access in rural versus urban areas,
and expressed a desire that they be trained in order to reduce reliance on radiologists and
sonographers [10]. Another study among providers in Tanzania showed that although ultra-
sound was perceived as necessary for proper management of pregnancy complications; how-
ever, concerns related to limited availability of ultrasound, lack of trained staff, and difficulties
counselling patients were expressed [11,12]. From the patient perspective, both positive and
negative perceptions have been reported regarding obstetric ultrasound among women in
Nigeria, Zambia, Botswana and Kenya [13]. Some women believed ultrasound provided moti-
vation to attend antenatal care [8], and reassurance in terms of knowing the status of their
pregnancy [14,15]. Others, however, viewed ultrasound unfavourably, expressing fear of the
ultrasound scan, or harm to their foetus [13,14,16].

The World Health Organization (WHO) recommends early ultrasound before 24 weeks of
gestation in all women to ensure a positive pregnancy experience [17]. Similarly, Uganda’s
protocol for focused antenatal care recommends ultrasound between 20 to 24 weeks for
women attending their second or third antenatal care visit. However, in many public rural
facilities, antenatal ultrasound is often not routinely available, due to lack of trained personnel,
equipment, and infrastructure [13,18]. Additionally, provision of early ultrasound is reliant on
timely initiation into care. In Uganda, only 60% of women received the recommended four
antenatal care visits and the median gestational age at entry was 4.7 months in 2016 [19].

Therefore, in settings where antenatal ultrasound is not universal and where antenatal care
coverage is inadequate, ultrasound use when a woman first presents to the maternity ward for
labour may be beneficial. This time of assessment, known as labour triage, is a critical opportu-
nity to identify conditions that have evolved during pregnancy, or that were missed during
antenatal care, so that these cases can be prioritized if needed [20]. Efforts to ensure quality of
care during the intrapartum period, beginning with entry into care at triage, is a key challenge
facing LMICs like Uganda, where maternal and neonatal mortality rates remain high [21,22].

With the aim of improving the identification of six high-risk obstetric conditions at labour tri-
age, the Preterm Birth Initiative East Africa conducted two parallel studies introducing a clinical
assessment checklist and limited obstetric ultrasound at a district referral hospital [23] and three
primary health centers [24] in eastern Uganda. Nested within these two studies, we ascertained
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patients’ perceptions of care upon receiving these interventions upon arrival to the labour ward,
as well as providers’ experience with triage ultrasound. We specifically explored how introduction
of point-of-care ultrasound in the maternity wards influenced perceptions of patient satisfaction,
provider confidence, patient-provider communication, and work flow processes.

Methods
Study design

This mixed-methods study was nested within two studies that were conducted at a district hos-
pital (DH) and three health centers (HCs) in eastern Uganda. These studies (hereafter, termed
intervention studies) used a phased approach to evaluate the introduction of a clinical assess-
ment checklist and/or limited obstetric ultrasound at labour triage on improving identification
of six selected high-risk obstetric conditions prior to birth (multiple gestation, malpresenta-
tion, oligohydramnios, placenta previa, gestational age<37 weeks, and foetal heart rate abnor-
malities) [23,24]. Briefly, Phase 1 introduced an intake log to register all women who
presented at the maternity ward, and an outcome form for baseline assessment; Phase 2 intro-
duced a triage checklist that guided clinical assessment and decision-making at labour triage,
and also provided support for patient transport in case of a referral from the HC to the DH;
Phase 3 introduced both the checklist and midwife-administered limited obstetric ultrasound
at labour triage. We hypothesized that these interventions-all of which were administered by
facility midwives—would improve standardized documentation and intake processes at triage
and subsequent clinical decision-making for a subset of obstetric conditions. Our a priori
hypotheses for these intervention studies were that there would be differences in correct iden-
tification of obstetric conditions upon introduction of Phase 2 interventions compared to
Phase 1, as well as Phase 3 interventions compared to Phase 1.

For this nested study that focused on women’s and providers’ perceptions, study research
nurses administered a questionnaire to a sub-sample of participants from the intervention
studies across the three phases. To understand provider perceptions around introduction of
ultrasound at triage, we conducted key informant interviews (KIIs) among a subset of mid-
wives trained in study procedures. While we believed women’s and providers’ experiences
would be positive based on other published antenatal ultrasound studies [8-16], we recognized
the labour triage setting would be a critical influencing factor.

Study setting

This study was conducted at a DH, two level IV HC and one HC level III in Busoga region,
eastern Uganda. The average monthly delivery volumes were approximately 640 at the DH
and 60-75 deliveries at each HC. Typically, each DH shift is covered by approximately four
midwives, one obstetrician/gynaecologist and one medical officer, while each HC shift is
staffed by one midwife in the labour room and another servicing antenatal care. The catch-
ment population is estimated at 20,000 for the HC III, 100,000 at HCIV, and over 2,000,000
for the DH. The three HCs are located approximately 10 to 40km away from the DH, and pro-
vide 24-hour delivery services without caesarean delivery capacity. Prior to these studies, no
ultrasound services were available at HCs, while at the DH it was solely available in the outpa-
tient department where women were required to wait in queue and pay a fee.

Study participants and recruitment

As part of the larger intervention studies, research nurses obtained consent from eligible
women upon presentation to the maternity ward. Women who participated in the intervention
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study were then approached by a research nurse before they were discharged to ask if they
would participate in a short questionnaire measuring her perceptions of care provided at the
facility. If consent was obtained, a study research nurse administered the questionnaire. Using
a confidence interval of 95% and a minimum power of 80%, we needed to survey at least 292
women per phase to understand their perception of the quality of care they received during
labour (i.e., 292 per phase at the DH; 292 per phase across the three HCs).

As summarized in Table 1, a total of 815 women with linked intake data completed the sur-
vey- 216 (26.5%), 278 (34.1%) and 321 (39.4%) across the phases from the DH. A total of 731
women participated in the HC-level questionnaires, with 290 (39.7%), 332 (45.4%) and 109
(14.9%) across the three phases. Intended sample size was not reached in some phases given
missingness or inability to link intake or outcome data. For HC Phase 3 specifically, lower
enrolment rates for the larger intervention study influenced sample size for questionnaire
completion [24].

To ascertain provider perceptions of ultrasound, a qualitative researcher independent of the
intervention studies conducted 12 KIIs with providers at the DH and HCs. At each of the three
HCs, KlIs were conducted with 2 midwives who were trained as part of the ultrasound study
for a total of 6 midwives. At the DH, four ultrasound-trained midwives were interviewed, two
of whom were additionally trained as Master Trainers. These Master Trainers provided men-
torship to the HC trainees [25], so it was an invaluable benefit to hear if or how their role as
trainer influenced their perspectives.

Data collection

Study research nurses collected women’s questionnaire data on paper-based forms. A 5-point
Likert scale (e.g., excellent, very good, good, poor, very poor) was used to query topics related
to patient perceptions of quality of care provided at triage, as well as experience of ultrasound
scan (Phase 3 only). Free text responses related to reasons of perceived quality were coded into
categories. This questionnaire (included in Supplemental Information) was not validated prior
to use; however, during a 4-day training period before the study initiation, each question was
read and discussed and to ensure clarity and correct interpretation. It was then pilot tested
among women at the DH. Responses were transferred via tablet into Open Data Kit (ODK)
and then to a secure server. All devices used for data entry (laptops or tablets) were encrypted
and password protected.

All KIIs were conducted by a qualitative researcher, not part of the study team. The inter-
view guide (Supplemental Information) was pilot tested on 2 midwives to determine appropri-
ateness of the tool in terms of length, word choice, clarity of questions and flow. KIIs were
audio recorded and a designated notetaker was present in all interviews. The audio recordings
were transcribed verbatim and augmented with the use of the notes captured by the notetaker.

Table 1. Recruitment of questionnaire participants across phases.

Phase DISTRICT HOSPITAL RESPONDENTS HEALTH CENTER RESPONDENTS
n N, N N

1 216 1234 290 1013

2 278 1219 332 870

3 321 1412 109 388

Totals 815 3865 731 2271

n = number of questionnaire respondents; N; = number of women enrolled in the DH intervention study; N, =

number of women enrolled in the HC intervention study.

https://doi.org/10.1371/journal.pone.0259770.t001
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All interviews were conducted in English. Interviews lasted between 45 minutes and one hour.
Participants’ names were not recorded; rather, a participant ID number was assigned to ensure
anonymity across all interviewees. Prior to the KIIs, informed written consent was obtained.

Data analysis

For the quantitative data, all individual-level data from the questionnaire, intake log and out-
come forms were linked through an individual study identification number and inpatient
number. Bivariate analyses of women’s sociodemographic and reproductive health characteris-
tics were conducted for categorical data using chi-square tests or Fisher’s exact statistics. Likert
data related to patient perceptions of care were converted to dichotomous outcome variables:
quality of care perceived as excellent or very good = 1, all other answers = 0; very satisfied or
satisfied with care at triage = 1, all other answers = 0; overall facility recommendation rating
very likely or likely = 1, all other answers = 0. All other answers included negative, neutral and
missing responses. Chi-square tests or Fisher’s exact statistics were used to analyse data by
phase. Where possible, logistic regression with adjustment for maternal age, education level,
fuel source, and attendance to 4 antenatal care visits were conducted. Significance was consid-
ered at a p-value of less than 0.05. Given the sampling methods and differences in sample size
across the phases, sampling weights were included in the analysis (S1 Table, Supplemental
information). Patient-reported reasons for perceived care and perceptions regarding ultra-
sound were analysed descriptively.

For the provider KIIs, transcripts were reviewed by two readers. Codes were grouped into
categories and then themes and subthemes were further identified and discussed. Themes
were identified and coded in matrix tables using Excel.

Ethical considerations

All study participants—women and providers—provided written informed consent. Partici-
pants were able to opt-out of the questionnaire or interview at any time, or not respond to cer-
tain questions if desired. Ethical approval for this study was obtained from the Institutional
Review Board at the University of California San Francisco IRB (#17-23310) and the Higher
Degrees, Research and Ethics Committee at Makerere University in Uganda (#515).

Results
Women’s perceptions

Characteristics of women stratified by DH and HC are shown in Table 2. The majority of
mothers were between 20 and 35 years old. Participants’ education level, with higher numbers
completing some university in Phase 3 compared to Phases 1 and 2, was different across
phases. The primary source of cooking fuel (which served as an unvalidated proxy for socio-
economic status [26]) reported by phase was charcoal for DH (63.0%, 48.9%, 71.3%) and fire-
wood for the HCs (76.9%, 93.7%, 87.2%) respectively. A significant difference among DH
participants was observed for completion of four or more antenatal care visits by phase
(35.6%, 37.8%, 75.8%), though this trend was not observed at the HC-level. As expected, the
use of ultrasound during the current pregnancy was highest among participants recruited in
Phase 3.

In weighted analyses (Table 3), DH participants’ perceived quality of care at the time of tri-
age trended in the positive direction (i.e., from less to more satisfied) between Phase 2 and
Phase 1, between Phase 3 and Phase 1, and between Phase 3 and Phase 2. However, satisfaction
of care and overall recommendation rating was higher in Phase 2 relative to Phase 1 and to
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Table 2. Women’s sociodemographic and reproduction health characteristics across phases.

Phase 1 Phase 2 Phase 3 pvalue Phase 1 Phase 2 Phase 3 pvalue
(n =216) (n=278) (n=321) (n =290) (n=332) (n =109)
Mother’s age (years) <20 20.4% 15.8% 21.5% 0.438 19.7% 23.2% 22.9% 0.217
20-<35 72.7% 75.2% 71.0% 75.1% 68.1% 72.5%
> =35 6.9% 9.0% 7.5% 5.2% 8.7% 4.6%
Education None 0.5% 0.0% 0.6% 0.002* 0.0% 1.2% 0.0% <0.0001
Some or completed | 49.8% 51.1% 42.9% 69.2% 76.5% 64.8% '
Primary
Some or completed | 45.9% 48.2% 49.8% 29.8% 21.4% 26.9%
Secondary
Some or completed | 3.8% 0.7% 6.6% 1.0% 0.9% 8.3%
University
Source of cooking fuel | Charcoal 63.0% 48.9% 71.3% <0.0001 |23.1% 6.3% 12.8% <0.0001
Gas, electric or 0.5% 1.4% 2.8% : 0 0 0 '
paraffin
Firewood 36.6% 49.6% 25.9% 76.9% 93.7% 87.2%
Attended > =4 No 64.4% 62.8% 24.2% <0.0001 |45.2% 49.7% 45.3% 0.496
antenatal care visits | yeg 35.6% 37.2% 75.8% 54.8% 50.3% 54.7%
US scan current no 90.3% 94.2% 0.3% <0.0001 |97.9% 99.7% 5.5% <0.0001
pregnancy yes 9.7% 5.8% 99.7% 2.1% 0.3% 94.5%

*Fisher’s exact test.

https://doi.org/10.1371/journal.pone.0259770.t002

Phase 3, but was not statistically different between Phase 3 and Phase 1. At the HC-level, all
measures increased in Phase 3 relative to both Phase 1 and Phase 2. Comparing Phase 2 to
Phase 1, quality of care at the time of triage trended in the positive direction, but satisfaction

Table 3. Women’s perceptions of care*.

Phase 1 (n =216) | Phase 2 (n=278) |Phase3 (n=321) | Weighted pvalue
Likert rating % % % Ph2vs.1 |Ph3vs.1 |Ph3vs2
Rating of quality of care at triage Else 86.6% 43.9% 29.6% <0.001 <0.001 <0.001
excellent or very good 13.4% 56.1% 70.4%
Satisfaction of care at triage Else 8.8% 2.9% 6.9% <0.001 0.060 <0.001
very satisfied or satisfied | 91.2% 97.1% 93.1%
Overall facility recommendation rating | Else 5.1% 1.4% 5.3% <0.001 0.812 <0.001
very likely or likely 94.9% 98.6% 94.7%
Phase 1 (n =290) | Phase 2 (n=332) |Phase3 (n=109) | Weighted pvalue
Likert rating % % % Phlvs.2 |Phlvs.3 |[Ph2vs3
Rating of quality of care at triage else 48.3% 30.4% 15.6% <0.001 <0.001 <0.001
excellent or very good 51.7% 69.6% 84.4%
Satisfaction of care at triage else 9.3% 13.0% 1.8% 0.010 <0.001 <0.001
very satisfied or satisfied | 90.7% 87.0% 98.2%
Overall facility recommendation rating | else 5.9% 9.6% 0.0% 0.002 <0.001 <0.001
very likely or likely 94.1% 90.4% 100.0%
*data are weighted to account for sampling design.
https://doi.org/10.1371/journal.pone.0259770.t003
PLOS ONE | https://doi.org/10.1371/journal.pone.0259770 November 12, 2021 6/16


https://doi.org/10.1371/journal.pone.0259770.t002
https://doi.org/10.1371/journal.pone.0259770.t003
https://doi.org/10.1371/journal.pone.0259770

PLOS ONE Women and providers’ perceptions of obstetric triage ultrasound

Table 4. Logistic regression of women’s perceptions of care controlled for sampling weights and covariates.

DISTRICT HOSPITAL RESPONDENTS HEALTH CENTER RESPONDENTS
OR 95% C.I. p-value OR 95% C.I. p-value
Lower Upper Lower Upper
Quality of care at triage Phase number 1 (ref)
Phase number 2 8.34 6.81 10.21 <0.001 2.04 1.67 2.50 <0.001
Phase number 3 16.45 13.27 20.38 <0.001 4.41 3.19 6.09 <0.001
Satisfaction of care at triage Phase number 1 (ref)
Phase number 2 3.20 2.16 4.74 <0.001 0.71 0.52 0.97 0.033
Phase number 3 1.14 0.84 1.55 0.399 4.25 1.95 9.26 <0.001
Opverall facility recommendation rating Phase number 1 (ref)
Phase number 2 3.80 2.21 6.50 <0.001 0.62 0.43 0.90 0.110
Phase number 3 0.91 0.63 1.32 0.623 - - - -

Controlled for sampling weights and covariates: Maternal age, education level, cooking fuel, and attendance at 4 antenatal care visits.

https://doi.org/10.1371/journal.pone.0259770.t004

and overall facility recommendation trended in the opposite direction, with less women
expressing improvements.

It is worth noting that while satisfaction of care and recommendation measures had rela-
tively positive responses during Phase 1 (>90%), ratings around perceived quality of care at
triage was much lower at both the DH and HCs (13.4% and 51.7%, respectively).

Adjustment for differences in sample characteristics and survey weighting across study
phases did not change results seen at the DH-level, or quality of care at triage and satisfaction
at the HC-level (Table 4). However, we observed wide confidence intervals and an inability to
fit the model for HC recommendation rating.

Respondents were asked to give reasons for perceived quality of care. Among both DH and
HC participants who rated perceived quality of care at triage as excellent or very good, the
leading reasons for perceived quality of care included having a healthy/safe delivery and being
attended to by a caring and kind midwife (Table 5). In Phase 3, more women at both the DH
and HCs stated that their perceived quality of care was due to having a knowledgeable and
experienced midwife, compared to Phases 1 and 2 (Table 5).

For Phase 3, we explored patient perceptions of ultrasound. Across both facility levels,
women reported high rates of being asked permission, providers explained the procedure, and
they were able to see the screen (Fig 1). However, differences were observed when asked if pro-
viders explained images to the patient (DH 100% vs HC 75.7%), as well as companions’ ability
to see screen (DH 18.1% vs HC 73.8%).

While the majority of participants felt no risk and had no change in feelings after the scan, a
significant proportion (11.1% and 14.4%) felt their feelings change after the scan. Among

Table 5. Reasons given for perceived care among participants who rated perceived quality of care at triage as excellent or very good.

DISTRICT HOSPITAL RESPONDENTS HEALTH CENTER RESPONDENTS
Phase 1 (n=29) | Phase2 (n=156) | Phase3 (n=226) | Phase 1l (n=150) | Phase2 (n=231) | Phase3 (n=92)
Healthy/safe delivery 72.4% 76.3% 73.9% 22.0% 21.2% 8.7%
Caring and kind midwife 10.3% 10.9% 15.5% 62.7% 55.8% 65.2%
Knowledgeable and experienced midwife | 3.4% 3.8% 7.5% 7.3% 14.3% 26.1%
All other answers 13.8% 9.0% 3.1% 8.0% 8.7% 0.0%

n = number of women who rated perceived quality of care as excellent or good.

https://doi.org/10.1371/journal.pone.0259770.t005
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Fig 1. Patients’ perception on ultrasound at the different health facilities during Phase 3 (n = 103 health centers;
n = 320 district hospital).

https://doi.org/10.1371/journal.pone.0259770.9001

those who gave a reason for a change post-scan (n = 67), reasons included: (a) fear or worry, as
mothers were scared of giving birth and caring for a preterm/small baby, big baby, or multiple
gestation (17/67, 25.4%); (b) fear that the scanning procedure and gel used would harm the
baby or client (36/67, 53.8%); (c) relief as they were worried about the baby’s wellbeing (9/67,
13.4%).

Providers’ experience

The qualitative component of the study explored providers’ experience in ultrasound provision
and implementation. Data are presented under four thematic areas: (1) workflow integration;
(2) impact on clinical processes; (3) perceived patient response to ultrasound; and (4) imple-
mentation barriers.

Thematic area 1: Workflow integration. Key informants were asked about how they
were able to integrate ultrasound into their existing workflow routine. All 12 respondents
mentioned that they did the scanning immediately after taking the mother’s history and con-
ducting a physical examination. In this regard, they found it easy to integrate these services as
a continuation of the care they provide on admission.

“We have integrated it in this way that after the mother has come at the reception, you assess,
you take history, then vitals, after you take her for physical examination, you examine her
abdomen, then you assess whether she is in labour or not. If she is in labour and has con-
sented, you begin filling the checklist up to the part for examination and then you scan since
we are using the same room for both services. So this has helped us to integrate immediately.
Then after scanning you go ahead and fill the rest of the behind part of the checklist, then after
I continue with my management according to the results from the scan.” (KI-DH)

A majority (7/12) of the participants reported that the introduction of triage ultrasound
increased the amount of time spent with each mother. This included time to scan, interpret
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results, and counsel the mother. High patient volume was an issue expressed specifically by
DH midwives.

“The time spent on a mother increased because previously, we used to just examine them,
admit her in the file and then continue monitoring. But with the introduction of the scan,
after examining, you scan her and then admit her in the file. So generally, the time lag spent
on one patient increased yet you may have very many patients waiting.” (KI-DH)

“Well, the time increased somehow but not in a bad way, the ultrasound activity would take
like 10 to 20 minutes which was not a very big time difference. Before, I would just examine,
listen to the foetal heart, presentation and so forth and end there, this would take very little

time but currently I will need an extra time to further take the mother to the scan.” (KI-HC)

A few key informants, specifically at the HC-level, also reported that the introduction of
ultrasound interfered with their work responsibilities. It increased the waiting time for other
patients in other departments and affected efficiency of these services.

“We are few health workers at the facility, so sometimes you may be alone on duty and have a
long queue waiting for ANC for example on clinic days, on MBCP (Mother Baby Care Point)
days, and with the ultrasound scan, you can take like 45 minutes on a mother including the
scan, explanations about the results, answering her questions and in case of any issues, refer-
ring her.” (KI-HC).

As opposed to the above reports of workflow disruption, some (5/12) participants reported
a positive impact of ultrasound on workload, particularly with regard to offering more patient-
centred care. Ultrasound helped providers identify certain conditions faster, facilitating clini-
cal decision-making. This, in turn, was considered more efficient for the mother.

“To me, my work load was not affected because it quickened my services to the mother. Before
the introduction of the scan, you could get a mother and suspect fetal heart rate, not getting
the presentation, hence sending them to town or even OPD [out-patient department] and this
was time wasting, sometimes the mother could be draining and you make her move around.
So the time reduced because we are offering all services from here.” (DH-KI).

Thematic area 2: Impact on clinical processes. All respondents reported that ultrasound
helped reinforce their clinical decision-making. They felt that physical examinations tended to
give inaccurate results, whereas ultrasound was less prone to error. They felt ultrasound helped
build confidence in assessment and decision-making.

“Yes, like one mother came and she presented when she was okay, no complaint of bleeding
and nothing. When I examined her, I also felt she had no problem but when I scanned her,
she had a previa. The placenta was low lying and obviously this had to change my manage-
ment plan. I referred her to the doctor who opted for another scan and the results were the
same and they operated on her.” (KI-DH).

“Yes, like for several times, it has helped me to diagnose babies with bad heart rate because
when you are listening with just a fetoscope, you may listen that the heart is fast but it is very
difficult to get the right fetal heart, but with a scan, it has helped me to differentiate that this is
a fetal distress . . . making me take quick intervention.” (KI-DH).
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A few HC-level key informants also reported that the ultrasound scan facilitated decision to
refer.

“Yes, it has changed in that before, we could keep mothers with complications who would not
manage to push the babies but with ultrasound, we have managed to identify them as early as
possible and we refer such mothers.” (KI-HC).

Thematic area 3: Perceived patient response to ultrasound. Key informants were asked
if they felt women liked getting an ultrasound scan and most responded in affirmative. They
reported that women’s interest in the ultrasound was evidenced by excessive complaints from
mothers that were not scanned due to eligibility reasons (e.g., less than 28 weeks of gestation
or women attending routine antenatal services), as well as few women who refused to consent.

“Also, there are very few cases of mothers who are not willing to receive the scan, so even those
very few, they do not receive a scan, they can be like 1 in 50 mothers.” (KI-HC).

Providers also stated that patients appreciated ultrasound because they felt involved in their
care.

“Even the mothers are very comfortable, when you take her to the scan, she will feel safe since
we tell them we shall see the condition of the baby inside the stomach. The mother will feel the
care too.” (KI-HC).

“They would request that they wanted to also see the baby in the stomach and we would show
them how the heart is pumping which leaves them excited.” (KI-DH).

Midwives reported that ultrasound acceptability was influenced by the fact that it was
offered for free.

“Before we used to send them to town to have a scan done in those private health facilities. So
when we introduced the scan to them, they actually thought they were going to pay, we
explained to them that it was for free of charge and everybody could just follow you up to have
a scan done.” (KI-HC).

However, some respondents noted that mothers did not want the scan and refused to con-
sent for a myriad of reasons.

“Some patients who have negative attitude towards it, they had perception that if you go for
scan, it reduces on the life span due to that power that runs through and they would oppose
the idea.” (KI-HC)

“There are also some mothers who would come when they are approaching second stage of
labour, when you tell her to first come for the scan, she refuses to consent because she is only
interested in pushing hence you leave her.” (KI-DH)

“Sometimes, you can talk to them and they refuse. The refusal is because some mothers fear

their men” (KI-DH).

Thematic area 4: Implementation barriers. The study was interested in understanding
health systems factors that inhibited use of ultrasound at labour triage. First, an overwhelming
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majority of key informants reported that electricity supply at their facilities was very unreliable,
with regular outages which made it hard to provide the ultrasound scan services consistently.

“The main barrier is power. . . Since we are in a village, when we get any power outage, it can
take some time without being reconnected compared to the situation in town. Once the trans-
former gets a problem, we can even spend two weeks without electricity.” (KI-HC).

“The main barrier is power outages and when the electricity goes off, we do not have a standby
generator implying that during that period, we would not scan the mothers.” (KI-DH).

Second, it was reported that because not all midwives were trained in study procedures,
including ultrasound, the few who were trained could not cover all shifts.

“Since we were only two people doing the ultrasound scan, you would find in case one of us is
on duty especially night duty, she can become tired because mothers are always many and
give birth in the night. So because of a busy schedule, you may find when she opts to scan a
few and do other activities that are also important.” (KI-HC).

Lastly, it was reported by most respondents that too much workload left them with no time
to provide ultrasound services to all mothers. In such situations, multi-tasking was difficult
and eligible women were not scanned.

“At times it is workload. You may have very many mothers and the staff are few, you cannot
scan all the mothers even if they are eligible since you also have to do other pending activities.”
(KI-DH).

“The barrier would come in case we got many mothers in maternity who were in labour and
others delivering at the same time. We would be very busy and would not concentrate on scan-
ning all the eligible mothers. We would then miss some of them since they deliver before being
scanned.” (KI-HC).

Discussion

This mixed methods study explored perceptions of two triage interventions at a DH and three
HCs in Eastern Uganda from both women and providers’ perspectives. First, we found that a
standardized checklist used at triage to assess for obstetric conditions greatly improved the rat-
ing of quality of care at triage at both the DH and HCs. ChecKklists, such as the Safe Childbirth
Checklist, have been shown to increase adherence to evidence-based practices [27], as well as
improve perceptions around respectful maternity care and perceived quality of care [28]. Fur-
thermore, introduction of a more formalized obstetric triage system has been shown to
improve initial diagnostic assessments and reduce patient delays [29]. We hypothesize that the
introduction of the triage checklist not only standardized initial assessments, but also increased
interaction time between provider and patient.

Second, upon introduction of ultrasound in Phase 3, women’s perceived quality of care at
triage increased relative to both Phase 1 and Phase 2 at both the DH and HCs. We found that
among DH women who rated perceived quality of care as excellent or good, the perception
that midwives were knowledgeable and experienced, or caring and kind, was more commonly
cited in Phase 3. At the HC-level, women cited knowledge and experience as a key reason for
their rating. This sentiment was echoed by providers, as they felt that ultrasound helped in
making correct clinical management plans and facilitated decision making.
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In contrast, however, satisfaction of care at triage and overall facility recommendation rat-
ing did not significantly differ upon introduction of ultrasound at the DH, but improved
among HC respondents. Both of these measures were greater than 90% in Phase 1, with nomi-
nal changes at the DH and more pronounced improvements at the HCs. One potential expla-
nation for this discrepancy is that the DH which is situated in a peri-urban environment has a
much higher patient volume than the HCs. DH midwives expressed that ultrasound increased
workload in the context of high patient volume and limited staff; in situations like this, mid-
wives’ time at the patient bedside after administration of ultrasound was reduced, and may
have contributed to the overall perception of poor satisfaction. This may point to why DH
patients felt that triage quality improved, but overall services rendered post-admission did not.
Another potential explanation for why satisfaction did not improve at the DH may be related
to lack of social support during the scan. Our findings indicated that a considerable proportion
of DH patients stated that their companions could not see images or that results were not con-
veyed to them. Anecdotally, the DH triage room was small with a long queue of patients await-
ing assessment. Thus, there was limited opportunity to have a companion in the triage room
during the scan due to complicated triage flow mechanisms and high midwife workload,
which could have influenced satisfaction of care ratings.

We observed that the majority of participants viewed ultrasound as beneficial and expressed
lack of fear of being scanned. It was offered as a free service and patient involvement during
the ultrasound process enhanced acceptability of the service at both the HC and DH levels.
Nonetheless, a considerable proportion of participants expressed fear and a change in feelings
after the scan. Some patients stated that the ultrasound results influenced their anxiety level in
a positive way after learning that their babies were well; however, in other instances, some
expressed increased fear or anxiety when they learned of potential poor outcomes. These senti-
ments align with a previous study among rural pregnant women which described both fear
and relief following a fetal ultrasound experience [14], and another study whereby introduc-
tion of ultrasound was found to sometimes cause psychological stress among pregnant women
due to fear of detecting fetal anomalies [30]. Of note, a considerable proportion of participants
in this study expressed fear and safety concerns related to the machine or scanning gel, but
these issues were not consistently raised by the key informants. This suggests the need for
improved communication with a standard explanation to alleviate fears. Similar findings for
lack of communication between patients and health providers offering ultrasound in LMIC
have been reported in other settings [13], with speculation that the technical aspect of perform-
ing an ultrasound impedes communication. One prior study also from rural Uganda showed
that when the best practice of pairing medical procedures with patient education and proper
communication is achieved, clinicians can improve patient perception of quality of care [22].
As our midwives were relatively novice users of ultrasound, the ability to multi-task technically
(e.g., perform the ultrasound, clinically interpret the images and formulate a new patient deliv-
ery plan) while perceiving perhaps subtle patient cues of anxiety or desire for further explana-
tion may have been missed. Use of written resources have proved to be beneficial in providing
parental support in developed countries [31], though there is need to further explore the
potential of integrating this kind of additional support and counselling in LMICs.

While our results suggest that triage ultrasound is seen as beneficial by the majority of
mothers and as an important tool in decision making among providers, we also uncovered
important system-level barriers to ultrasound implementation. Factors such as workload,
inadequate staffing and inconsistent power have been noted in prior literature [12,32,33]; how-
ever, by exploring these issues at both a DH and HCs, we have uncovered barriers and facilita-
tors that affect ultrasound implementation at two different levels of government facilities.
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Addressing these key issues will be critical in enhancing quality of maternity care, and have
policy implications regarding resource allocation [34].

Study limitations

The study has several limitations. First, our study participants differed in some characteristics
across phases and intended HC sample size was not reached in Phase 3, though we addressed
these issues by weighting and adjusting for covariates. Second, differences in Phase 3 demo-
graphics (e.g., higher education level, attendance to the recommended four antenatal care vis-
its) could indicate different health-seeking behaviours among these women, thus potentially
introducing some bias toward acceptability of ultrasound. Third, due to study resources, we
did not conduct in-depth interviews with women. This would have offered additional, more
nuanced, insight that was not necessarily captured in a Likert-based survey. Fourth, we
employed research nurses to consent women from the intervention study to participate in the
questionnaire. Although all clinical activities associated with the intervention studies, includ-
ing completion of the intake form, checklist, and ultrasound procedure were conducted by
study-trained midwives, it is possible this introduced some bias—for example, women may
have been more likely to consent or answer questions positively as nurses may have been per-
ceived as tied to clinical care. Lastly, while our protocol included midwives to explain ultra-
sound safety and consent in a standardized manner, there were differences in adherence to
this between our sites and among midwives. Thus, a written script with standardized commu-
nication may have improved compliance, particularly in busier clinical environments. Alterna-
tively, a dedicated midwife to conduct scans each shift may have introduced more
standardized practice, and would allow time for both pre- and post-procedure counselling
(e.g., to explain the procedure, emphasize safety, demonstrate equipment, and answer
questions).

Conclusion

Obstetric ultrasound at the point of labour triage can be useful in contexts of inadequate ante-
natal care. However, its successful introduction is influenced by health system and user chal-
lenges, as well as perceptions among pregnant women. In consideration of these barriers and
facilitators to implementation, comprehensive clinical training must also emphasize optimiza-
tion of midwives’ knowledge, skills and confidence to ensure technical expertise is paired with
respectful communication and counselling to alleviate patient fears of ultrasound.

Supporting information

S§1 Table. Sampling weight assignment.
(DOCX)

S1 File. Patient questionnaire HC level.
(DOCX)

S2 File. Patient questionnaire DH level.
(DOCX)

S3 File. Interview guide tool.
(DOCX)

PLOS ONE | https://doi.org/10.1371/journal.pone.0259770 November 12, 2021 13/16


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0259770.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0259770.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0259770.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0259770.s004
https://doi.org/10.1371/journal.pone.0259770

PLOS ONE

Women and providers’ perceptions of obstetric triage ultrasound

Acknowledgments

We acknowledge the study participants, midwives and doctors who participated in the study.
We are grateful to Iganga and Namutumba district health management teams, the hospital
administration and maternity in-charges of the respective lower level centres who provided
support in conducting the study. We thank the ultrasound training team; Jorge Garcia MD,
Meera Muruganandan MD MPH, Maxwell Odida, Scott Owens MD MPH DTM&H, and
Nicole Teal MD.

Author Contributions

Conceptualization: Nathan Isabirye, Rose Kisa, Nicole Santos, Jude Mulowooza, Dilys
Walker, Peter Waiswa.

Data curation: Nathan Isabirye, Nicole Santos.

Formal analysis: Nathan Isabirye, Nicole Santos.

Funding acquisition: Dilys Walker, Peter Waiswa.

Investigation: Jude Mulowooza, Dilys Walker, Peter Waiswa.

Methodology: Nathan Isabirye, Nicole Santos, Jude Mulowooza, Dilys Walker, Peter Waiswa.
Project administration: Nathan Isabirye.

Supervision: Nathan Isabirye, Jude Mulowooza.

Writing - original draft: Nathan Isabirye.

Writing - review & editing: Rose Kisa, Nicole Santos, Sachita Shah, Jude Mulowooza, Dilys
Walker, Peter Waiswa.

References

1. Stanton K, Mwanri L. Global Maternal and Child Health Outcomes: the Role of Obstetric Ultrasound in
Low Resource Settings. Journal of Preventive Medicine. 2013; 1(3):22—-29.

2. Groen RS, Leow JJ, Sadasivam V, Kushner AL. Review: indications for ultrasound use in low- and mid-
dle-income countries. Tropical Med Int Health. 2011; 16:1525-35. https://doi.org/10.1111/j.1365-3156.
2011.02868.x PMID: 21883723

3. Sippel S, Muruganandan K, Levine A, Shah S. Review article: use of ultrasound in the developing
world. IntJ Emerg Med. 2011; 4:72. https://doi.org/10.1186/1865-1380-4-72 PMID: 22152055

4. Steinmetz JP, Berger JP. Ultrasonography as an aid to diagnosis and treatment in a rural African hospi-
tal: a prospective study of 1,119 cases. Am J Trop Med Hyg. 1999; 60:119-23. https://doi.org/10.4269/
ajtmh.1999.60.119 PMID: 9988334

5. Shah SP, Epino H, Bukhman G, Umulisa I, Dushimiyimana JM, Reichman A, et al. Impact of the intro-
duction of ultrasound services in a limited resource setting: rural Rwanda 2008. BMC Int Health Hum
Rights. 2009; 9:4. https://doi.org/10.1186/1472-698X-9-4 PMID: 19327157

6. Stolz LA, Muruganandan KM, Bisanzo MC, Sebikali MJ, Dreifuss BA, Hammerstedt HS, et al. Point of
care ultrasound education for non-physician clinicians in a resource-limited emergency department.
Tropical Medicine & International Health. 2015; 20(8):1067-72.

7. Goldenberg RL, Nathan RO, Swanson D, Saleem S, Mirza W, Esamai F, et al. Routine antenatal ultra-
sound in low- and middle-income countries: first look—a cluster randomised trial. BJOG. 2018 Nov; 125
(12):1591-1599. hitps://doi.org/10.1111/1471-0528.15287 PMID: 29782696

8. Kimberly HH, Murray A, Mennicke M, Liteplo A, Lew J, Bohan JS, et al. Focused maternal ultrasound by
midwives in rural Zambia. Ultrasound Med Biol. 2010 Aug; 36(8):1267—72. https://doi.org/10.1016/.
ultrasmedbio.2010.05.017 PMID: 20691916

9. Swanson J, Kawooya M, Swanson D, Hippe D, Dungu-Matovu P, Nathan R. 2014. The diagnostic
impact of limited, screening obstetric ultrasound when performed by midwives in rural Uganda. J. Peri-
natol. 34,508-512. https://doi.org/10.1038/jp.2014.54 PMID: 24699218

PLOS ONE | https://doi.org/10.1371/journal.pone.0259770 November 12, 2021

14/16


https://doi.org/10.1111/j.1365-3156.2011.02868.x
https://doi.org/10.1111/j.1365-3156.2011.02868.x
http://www.ncbi.nlm.nih.gov/pubmed/21883723
https://doi.org/10.1186/1865-1380-4-72
http://www.ncbi.nlm.nih.gov/pubmed/22152055
https://doi.org/10.4269/ajtmh.1999.60.119
https://doi.org/10.4269/ajtmh.1999.60.119
http://www.ncbi.nlm.nih.gov/pubmed/9988334
https://doi.org/10.1186/1472-698X-9-4
http://www.ncbi.nlm.nih.gov/pubmed/19327157
https://doi.org/10.1111/1471-0528.15287
http://www.ncbi.nlm.nih.gov/pubmed/29782696
https://doi.org/10.1016/j.ultrasmedbio.2010.05.017
https://doi.org/10.1016/j.ultrasmedbio.2010.05.017
http://www.ncbi.nlm.nih.gov/pubmed/20691916
https://doi.org/10.1038/jp.2014.54
http://www.ncbi.nlm.nih.gov/pubmed/24699218
https://doi.org/10.1371/journal.pone.0259770

PLOS ONE

Women and providers’ perceptions of obstetric triage ultrasound

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

Holmlund S, Ntaganira J, Edvardsson K et al. Improved maternity care if midwives learn to perform
ultrasound: a qualitative study of Rwandan midwives’ experiences and views of obstetric ultrasound.
2017. Global Health Action, 10:1, 1350451. https://doi.org/10.1080/16549716.2017.1350451 PMID:
28764602

Ahman A, Kidanto H, Ngarina M, Edvardsson K, Small R, Mogren . ‘Essential but not always available
when needed’'—an interview study of physicians’ experiences and views regarding use of obstetric ultra-
sound in Tanzania. 2016. Global Health Action, 9:1, 31062.

Ahman A, Edvardsson K, Kidanto L, Ngarina M, Small R, Mogren I. ‘Without ultrasound you can’t reach
the best decision'—Midwives’ experiences and views of the role of ultrasound in maternity care in Dar Es
Salaam, Tanzania. Sexual & reproductive healthcare, 2018. 15: p. 28-34. https://doi.org/10.1016/].
srhc.2017.11.007 PMID: 29389498

Kim ET, Singh K, Moran A, Armbruster D, Kozuki N. Obstetric ultrasound use in low and middle-income
countries: a narrative review. Reprod Health 15, 129 (2018). https://doi.org/10.1186/s12978-018-0571-
y PMID: 30029609

Tautz S, Jahn A, Molokomme |, Gorgen R. Between fear and relief: how rural pregnant women experi-
ence foetal ultrasound in a Botswana district hospital. Social Science & Medicine, 50 (2000) 689+701.

Oluoch DA, Mwangome N, Kemp B, Seale AC, Koech A, Papageorghiou A, et al. “You cannot know if
it's a baby or not a baby”: uptake, provision and perceptions of antenatal care and routine antenatal
ultrasound scanning in rural Kenya. BMC Pregnancy Childbirth. 2015; 15:127. https://doi.org/10.1186/
$12884-015-0565-5 PMID: 26021564

Gonzaga M et al. Current knowledge, attitudes and practices of expectant women toward routine
sonography in pregnancy at Naguru health centre, Uganda. Pan African Medical Journal, 2009 3:18.

World Health Organization. WHO Recommendations on Antenatal Care for a Positive Pregnancy Expe-
rience. 2017.

Kinnevey C, Kawooya M, Tumwesigye T, Douglas D, Sams S. Addressing Obstetrical Challenges at 12
Rural Ugandan Health Facilities: Findings from an International Ultrasound and Skills Development
Training for Midwives in Uganda. Int J MCH AIDS. 2016; 5(1):46-52. https://doi.org/10.21106/ijma.106
PMID: 28058192

Uganda Demographic and Health Survey 2016., Kampala, Uganda and Rockville, Maryland, USA,
2018. Available from: https://www.dhsprogram.com/publications/publication-fr333-dhs-final-reports.
cfm.

Forshaw J, Raybould S, Lewis E, Muyingo M, Weeks A, Reed K, et al. Exploring the third delay: an
audit evaluating obstetric triage at Mulago National Referral Hospital. BMC Pregnancy and Childbirth.
2016 Oct 10; 16(1):300. https://doi.org/10.1186/s12884-016-1098-2 PMID: 27724846

Namazzi G, Waiswa P, Nakakeeto M, Nakibuuka V, Namutamba S, Najjemba M, et al. Strengthening
health facilities for maternal and newborn care: experiences from rural eastern Uganda. Global Health
Action. 2015. 8, 24271. https://doi.org/10.3402/gha.v8.24271 PMID: 25843496

Kigenyi O, Tefera G, Nabiweba E, Orach C. Quality of intrapartum care at Mulago national referral hos-
pital, Uganda: clients’ perspective. BMC Pregnancy and Childbirth. 2013. 13(1): p. 162. https://doi.org/
10.1186/1471-2393-13-162 PMID: 23941203

Mulowooza J, Santos N, Isabirye N, Inhensiko I, Sloan NL, Shah S, et al. Midwife-performed checklist
and ultrasound to identify obstetric conditions at labour triage in Uganda: A quasi-experimental study.
Midwifery. 2021 May; 96:102949. https://doi.org/10.1016/j.midw.2021.102949 PMID: 33631411

Santos N, Mulowooza J, Isabirye N, Inhensiko I, Sloan NL, Shah S, et al. Effect of a labour triage check-
list and ultrasound on obstetric referral at three primary health centers in Eastern Uganda. Int J Gynae-
col Obstet. 2021 Apr; 153(1):130-137. https://doi.org/10.1002/ijgo.13420 PMID: 33047332

Shah S, Santos N, Kisa R, Mike Maxwell O, Mulowooza J, Walker D, et al. Efficacy of an ultrasound
training program for nurse midwives to assess high-risk conditions at labour triage in rural Uganda.
PloS One, 2020. 15(6): p. €0235269. https://doi.org/10.1371/journal.pone.0235269 PMID: 32603339

Katutsi V, Dickson T, Migisha A. (2020) Drivers of Fuel Choice for Cooking among Uganda’s House-
holds. Open Journal of Energy Efficiency, 9, 111-129.

Semrau KEA, Hirschhorn LR, Marx Delaney M, Singh VP, Saurastri R, Sharma N, et al. Outcomes of a
Coaching-Based WHO Safe Childbirth Checklist Program in India. N Engl J Med. 2017 Dec 14; 377
(24):2313-2324. https://doi.org/10.1056/NEJMoa1701075 PMID: 29236628

Molina RL, Villar J, Reyes A, Elliott J, Begley M, Johnson M, et al. Delivery practices and care experi-
ence during implementation of an adapted safe childbirth checklist and respectful care program in Chia-
pas, Mexico. Int J Gynaecol Obstet. 2019 Apr; 145(1):101-109. https://doi.org/10.1002/ijgo.12771
PMID: 30702140

PLOS ONE | https://doi.org/10.1371/journal.pone.0259770 November 12, 2021 15/16


https://doi.org/10.1080/16549716.2017.1350451
http://www.ncbi.nlm.nih.gov/pubmed/28764602
https://doi.org/10.1016/j.srhc.2017.11.007
https://doi.org/10.1016/j.srhc.2017.11.007
http://www.ncbi.nlm.nih.gov/pubmed/29389498
https://doi.org/10.1186/s12978-018-0571-y
https://doi.org/10.1186/s12978-018-0571-y
http://www.ncbi.nlm.nih.gov/pubmed/30029609
https://doi.org/10.1186/s12884-015-0565-5
https://doi.org/10.1186/s12884-015-0565-5
http://www.ncbi.nlm.nih.gov/pubmed/26021564
https://doi.org/10.21106/ijma.106
http://www.ncbi.nlm.nih.gov/pubmed/28058192
https://www.dhsprogram.com/publications/publication-fr333-dhs-final-reports.cfm
https://www.dhsprogram.com/publications/publication-fr333-dhs-final-reports.cfm
https://doi.org/10.1186/s12884-016-1098-2
http://www.ncbi.nlm.nih.gov/pubmed/27724846
https://doi.org/10.3402/gha.v8.24271
http://www.ncbi.nlm.nih.gov/pubmed/25843496
https://doi.org/10.1186/1471-2393-13-162
https://doi.org/10.1186/1471-2393-13-162
http://www.ncbi.nlm.nih.gov/pubmed/23941203
https://doi.org/10.1016/j.midw.2021.102949
http://www.ncbi.nlm.nih.gov/pubmed/33631411
https://doi.org/10.1002/ijgo.13420
http://www.ncbi.nlm.nih.gov/pubmed/33047332
https://doi.org/10.1371/journal.pone.0235269
http://www.ncbi.nlm.nih.gov/pubmed/32603339
https://doi.org/10.1056/NEJMoa1701075
http://www.ncbi.nlm.nih.gov/pubmed/29236628
https://doi.org/10.1002/ijgo.12771
http://www.ncbi.nlm.nih.gov/pubmed/30702140
https://doi.org/10.1371/journal.pone.0259770

PLOS ONE

Women and providers’ perceptions of obstetric triage ultrasound

29.

30.

31.

32.

33.

34.

Floyd L, Bryce F, Ramaswamy R, Olufolabi A, Srofenyoh E, Goodman D, et al. The introduction of a
midwife-led obstetric triage system into a regional referral hospital in Ghana. Midwifery. 2018 Jun;
61:45-52. https://doi.org/10.1016/j.midw.2018.02.003 PMID: 29525248

Kaasen A, Helbig A, Malt UF, Naes T, Skari H, Haugen G. Acute maternal social dysfunction, health
perception and psychological distress after ultrasonographic detection of a fetal structural anomaly.
BJOG. 2010; 117. https://doi.org/10.1111/1.1471-0528.2010.02622.x PMID: 20528866

Bratt E-L, Jarvholm S, Ekman-Joelsson B-M, Mattson L-A, Mellander M. Parent’s experiences of coun-
selling and their need for support following a prenatal diagnosis of congenital heart disease—a qualita-
tive study in a Swedish context. BMC Pregnancy and Childbirth. 2015; 15(1):171.

Hall EA, Matilsky D, Zang R, Hase N, Habibu Ali A, Henwood PC, et al. Analysis of an obstetrics point-
of-care ultrasound training program for healthcare practitioners in Zanzibar, Tanzania. Ultrasound J.
2021 Apr 8; 13(1):18. https://doi.org/10.1186/s13089-021-00220-y PMID: 33829362

Shah S, Bellows BA, Adedipe AA, Totten JE, Backlund BH, Sajed D. Perceived barriers in the use of
ultrasound in developing countries. Crit Ultrasound J. 2015 Dec; 7(1):28. https://doi.org/10.1186/
$13089-015-0028-2 PMID: 26123609

Aliyu Labaran Dayyabu, Kurjak Asim, Wataganara Tuangsit, de Sa Renato Augusto Moreira, Pooh Rit-
suko, Sen Cihat, et al. "Ultrasound in Africa: what can really be done?" Journal of Perinatal Medicine,
vol. 44, no. 2,2016, pp. 119-123. https://doi.org/10.1515/jpm-2015-0224 PMID: 26389632

PLOS ONE | https://doi.org/10.1371/journal.pone.0259770 November 12, 2021 16/16


https://doi.org/10.1016/j.midw.2018.02.003
http://www.ncbi.nlm.nih.gov/pubmed/29525248
https://doi.org/10.1111/j.1471-0528.2010.02622.x
http://www.ncbi.nlm.nih.gov/pubmed/20528866
https://doi.org/10.1186/s13089-021-00220-y
http://www.ncbi.nlm.nih.gov/pubmed/33829362
https://doi.org/10.1186/s13089-015-0028-2
https://doi.org/10.1186/s13089-015-0028-2
http://www.ncbi.nlm.nih.gov/pubmed/26123609
https://doi.org/10.1515/jpm-2015-0224
http://www.ncbi.nlm.nih.gov/pubmed/26389632
https://doi.org/10.1371/journal.pone.0259770

