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Abstract

Background Access to WHO-recommended obstetric ultrasound before 24 weeks of gestation remains limited

in Sierra Leone due to infrastructure, training, and equipment constraints. Artificial Intelligence (Al) enabled
smartphone-based ultrasound offers a potential solution to improve access and quality of maternal care. This study
assessed the usability of this technology during a pilot implementation in Tonkolili District since October 2020.

Methods A convergent parallel mixed-methods design was employed. Quantitative data from 2,315 obstetric sweep
protocols conducted by 81 healthcare providers across seven facilities (October 2020-March 2023) were analysed
using mixed-effects logistic regression in Stata 17 to identify factors influencing scan quality. Scans were initially
reviewed through remote expert interpretation, with Al-enabled analysis introduced later; thus, the evaluation reflects
both remote and Al-supported workflows. Qualitative data from interviews, focus group discussions, and observations
with providers and clients were analysed thematically in NVivo, guided by the Non-Adoption, Abandonment,
Scale-up, Spread, and Sustainability (NASSS) framework.

Results Overall, 83.8% of obstetric sweeps were of sufficient quality for remote or Al analysis, and 59.3% of providers
achieved the 80% threshold of sufficient quality images. Tutorial videos (OR: 14.1,95% Cl: 6.4-31.1, p<0.001) and
provider skill level significantly improved scan quality. The device was well accepted by providers and clients.
However, infrastructure constraints, supply chain limitations, absence of comprehensive guidelines, and funding
challenges hinder broader impact.

Conclusion Al-enabled ultrasound is a feasible and usable tool in resource-limited primary care settings. Addressing
system-level barriers will be essential for sustainable scale-up.

Keywords Maternal health, Antenatal care, Obstetric ultrasound, Artificial Intelligence, Sufficient Quality, Task shifting,
Healthcare provider, Sierra Leone
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Background

Obstetric ultrasound plays a crucial role in Antenatal
Care (ANC), allowing healthcare providers to assess fac-
tors such as gestational age, fetal growth, placental func-
tion, and the presence of anomalies or complications.
This information is vital for making informed decisions
about pregnancy management. Due to the importance
of ultrasound, the World Health Organization (WHO)
recommends that all pregnant women receive one early
ultrasound before 24 weeks of gestation [1]. Despite
these recommendations, Low- and Middle-Income
countries (LMICs) lag far behind in utilizing ultrasound.
Limited resources lead to a shortage of ultrasound equip-
ment and trained personnel [2], while unreliable access to
electricity and internet connectivity further hinders the
implementation and sustainability of digital solutions [3,
4]. These gaps contribute to delayed diagnoses, missed
referrals, and limited access to essential maternal health
services particularly in rural and underserved areas. The
absence of scalable, low-cost diagnostic tools further
compounds inequities in care delivery.

In Sierra Leone, many government facilities lack ultra-
sound equipment and trained sonographers. A Rapid
Emergency Obstetric and Newborn Care (EmONC)
Assessment Report from 2017 stated that ultrasound
machines were available in only 53% of district hospitals
and recommended equipping all district hospitals with
functional machines, along with providing appropriate
training for their maintenance [5].

Global studies have shown that obstetric scans can be
effectively performed with minimal training using the
“Obstetric Sweep Protocol” (OSP) supported by remote
analysis, telemedicine or deep learning models [6-10].
A study in Peru found that after eight hours of training,
users achieved over 95% accuracy in key obstetric tele-
diagnosis, such as fetal count, presentation, and placen-
tal position [9]. This approach has the potential to make
ultrasound more accessible and aligns with WHO recom-
mendations on task shifting [11]. While evidence on the
impact of hand-held ultrasound devices remains limited
for Sierra Leone, studies in other LMICs suggest that
integrating point-of-care ultrasound into routine ANC
improves clinic attendance. A cohort study in Tanzania
reported a rise in the percentage of women attending
four or more ANC visits (from 27.2% to 60.3%; p = 0.001)
[12].

A smartphone-based ultrasound device utilizing Al
designed to improve ultrasound accessibility in low-
resource settings, has been piloted in rural Sierra Leone
since October 2020. However, since its pilot implementa-
tion in Tonkolili district, there has been no formal evalu-
ation of the technology’s usability among novice users.

This study, conducted in 2023, addresses this
gap by assessing the usability of the Al-enabled
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smartphone-based obstetric ultrasound device among
novice users. In addition to evaluating the diagnostic
quality of the images captured, the study examines pro-
vider, facility, and technology related factors influencing
scan quality. The study further explores provider, client,
and stakeholder perceptions of the device and integra-
tion into routine ANC services using the Non-adoption,
Abandonment, and challenges to the Scale-up, Spread,
and Sustainability (NASSS) framework. Hence, the aim of
this study was to assess the quality of obstetric ultrasound
scans performed using Al-enabled smartphone-based
obstetric ultrasound across different provider cadres and
facility types in Sierra Leone, identify factors associated
with scan quality, and evaluate the device’s usability and
integration within the health system.

Description of the device

The piloted tool, “BabyChecker;” is a smartphone-based
ultrasound device and software (Fig. 1) that uses a probe
and gel for scanning. It employs the Obstetric Sweep
Protocol (OSP) to generate images for remote analysis
or automated Al-based interpretation. The OSP is a spe-
cialized and easily learnable ultrasonography technique
in obstetrics. It involves six 3-D volume sweeps of the
maternal abdomen using an ultrasound machine. The
sweeps are crucial for confirming various pregnancy-
related factors such as intrauterine pregnancy, fetal
presentation, fetal number, placenta location, amniotic
fluid volume, and pelvic masses [2]. While this approach
improves feasibility in low-resource settings, it does not
consistently capture the standard anatomical planes
required for conventional fetal biometry and therefore
does not provide the full range of measurements obtain-
able through standard plane-based ultrasonography [13].
The device estimates gestational age, detects multiple
pregnancies, determines placental location, and assesses
fetal presentation. Portable and user-friendly, it requires
approximately one hour of training for healthcare pro-
viders. Throughout the scanning process, healthcare
workers of different cadres follow instructions provided
by the device application. The device functions offline
for scanning but requires internet access to upload
scans for remote analysis by ultrasound profession-
als and to receive the results. During the early phase of
the pilot implementation, scan interpretation relied on
remote expert review. An Al-enabled version was later
introduced in 2023, enabling automated image analy-
sis directly within the mobile application and providing
rapid results through a traffic-light alert system to indi-
cate potential obstetric risks and the need for referral.
The evaluation therefore reflects both remote expert—
reviewed and Al-supported analyses implemented dur-
ing the study period.
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Fig. 1 Picture of USB-C cabled probe, the bag and the smartphone with the app showing the guidance for the first sweep of the 6-sweep protocol. Photo

by Delft Imaging, 2021

Pilot implementation of the device (BabyCheker) in Sierra
Leone

In 2020, a pilot program introduced the device in
Gbonkolenken Chiefdom, Tonkolili District, Sierra
Leone. Sevensmartphone-based portable ultrasound
devices were deployed across six peripheral health facili-
ties, chosen for their proximity to the referral hospital.
The goal of the pilot was to assess the device’s effective-
ness in resource-limited primary care settings for early
detection of pregnancy complications.

The pilot had two phases: Phase 1 introduced the
device at a referral hospital during ANC visits; provid-
ers were trained and women received free scans. Phase
2 focused on usability and integration by healthcare pro-
viders at the primary healthcare level including Com-
munity Health Officers (CHOs), Community Midwives,
Community Health Assistants (CHAs), State-Enrolled
Community Health Nurses (SECHNSs) and Maternal and
Child Health Aides (MCHASs).

Methods

Study design

This study employed a convergent parallel mixed-meth-
ods design, where quantitative and qualitative data were
collected and analysed separately but integrated during
interpretation to provide a comprehensive understand-
ing of usability and sustainability. To evaluate the user
performance, quantitative data routinely collected from
scans between October 2020, and March 2023 were ret-
rospectively analysed to assess the proportion of scans
achieving sufficient quality and to identify statistically
significant determinants of performance. However,
quantitative findings alone could not explain why dif-
ferences in performance occurred or how contextual,
organizational, and system-level factors shaped device
adoption. Therefore, qualitative methods were employed
to explore healthcare providers’ and clients’ experiences
and to better understand conditional, technological,
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user, organizational and wider system factors influencing
adoption, using the (NASSS) framework.

The NASSS framework, developed by Greenhalgh et al.
[14], was selected for its robust theoretical foundation in
examining the usability and sustainability of digital health
technologies. The framework helped identify potential
barriers and facilitators to implementation and informed
the development of the research objectives and topic
guides. Since it can be applied both prospectively and ret-
rospectively to understand the success or failure of health
technologies, it closely aligns with the aims of this study
and was therefore particularly appropriate. NASSS has
been increasingly applied in digital health and Al enabled
interventions to understand why some technologies are
successfully adopted while others fail to embed into rou-
tine practice. Recent studies have used NASSS to analyse
the implementation of telemedicine platforms, AI driven
diagnostic tools, and digital maternal health innova-
tions in low resource settings, demonstrating its value in
identifying multi-level barriers and enablers across clini-
cal, technological, organizational, and system domains
[15-18]. A recent scoping review identified more than 50
studies using NASSS to guide study design, data collec-
tion, analysis, and interpretation, highlighting its grow-
ing relevance in implementation science [19]. The study
explored all seven main domains and 19 of the 24 subdo-
mains to ensure comprehensive coverage of factors influ-
encing adoption and long-term use.

The study, conducted in 2023, analysed 2,315 obstetric
scans performed by 81 healthcare providers across seven
facilities. The study population included all providers,
regardless of cadre or training, who followed the device’s
tutorials or had prior experience using it and performed
at least one fetal scan during the study period. Qualita-
tive data were obtained through interviews, focus group
discussions, and observations with healthcare provid-
ers, clients, and key informants. The convergent parallel
design allowed quantitative and qualitative data to be col-
lected and analysed independently, and then integrated
during interpretation, enabling triangulation and a more
comprehensive understanding of implementation out-
comes in real-world primary healthcare settings.

A. Quantitative method

Data source

Data from electronic scanning records included cli-
ent identity, healthcare provider identity, scan date/
time, application version, facility type, and scan quality.
The dataset captured other variables such as the reason
for insufficient quality scan, fetus count, etc., which are
not relevant to this study. A separate database captured
healthcare provider characteristics such as gender, staff
cadre, and facility affiliation. The seven participating
facilities included one Community Health Post (CHP),

Page 4 of 16

three Community Health Centers (CHC), two Maternal
and Child Health Posts (MCHP), and one hospital.

Key variables

Operational definitions are provided below. The primary
outcome variable was scan quality, categorized as suf-
ficient or insufficient. Independent variables included
scan frequency, healthcare provider cadre (grouped into
skill levels), facility type, and app version. App versions
were broadly classified into those with or without tuto-
rial videos, where tutorial-equipped versions intended to
enhance provider performance.

Operational definitions of variables

Sufficient quality

A scan was classified as having sufficient quality if it was
labelled by remote analysts as suitable for measuring
parameters of head circumference, femur length, fetal
presentation, placenta localization and single or multiple
gestation.

Ultrasound scan quality was remotely assessed by
trained analysts based on whether the sweep acquisition
allowed for the interpretation of these parameters. Each
scan was reviewed by a single analyst who were not for-
mally blinded to facility or provider identity. Inter-rater
reliability was not assessed, which represents a method-
ological limitation.

Healthcare provider cadre
Healthcare providers were categorized according to their
level of training and scope of practice.

+ High-skilled: Community Health Officers (CHOs)
and midwives with advanced training.

+ Medium-skilled: State Enrolled Community Health
Nurses (SECHNs) and Community Health Assistants
(CHAs)who have received training and possess
moderate skill and knowledge.

+ Low-skilled with formal training: Maternal and Child
Health Aides (MCHAS).

+ Very low-skilled in training: Students on practical
training, including State Registered Nurses (SRNs),
CHOs, midwives, and MCHAs.

+ Low-skilled without formal training: Community
Health Volunteers (CHVs) and Traditional Birth
Attendants (TBAs), who often assist in basic
maternal health services under supervision.

Frequency of scan

This refers to the number of times each provider used
the smartphone-based ultrasound device for fetal scans
within the study period. For every scan in the dataset,
the variable indicates whether it was the provider’s first,
2nd-10th, 11th—30th, 31st-50th, 51st—100th, or 101st or
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later scan using the device, to reflect varying experience
levels.

Total number of scans

This reflects the total number of fetal scans each health-
care provider performed with the smartphone-based
device between October 2020 and March 2023. The vari-
able was linked to each fetal scan according to the pro-
vider who conducted that scan.

App version
In this study, the app version refers to the mobile applica-
tion installed on a smartphone for receiving and analys-
ing ultrasound images sent by the ultrasound device.

All tutorial videos and in-app guidance materials were
available in English, which is the official language of
instruction for healthcare providers in Sierra Leone.

Quantitative data analysis

Data were exported to Stata version 17 for analysis.
Descriptive statistics characterized healthcare providers
and scan quality distributions, while categorical variables
were summarized using frequencies and percentages. To
assess factors associated with obtaining scans of sufficient
quality, mixed-effects logistic regression models were fit-
ted. A random intercept was specified at the healthcare
provider level to account for clustering of scans within
providers, as multiple scans were performed by the same
individual. Facility type was included as a fixed effect due
to the small number of facilities.

To assess the degree of clustering at the provider level,
an intercept-only mixed-effects logistic regression model
(null model) was first estimated. The intraclass correla-
tion coefficient (ICC) was calculated from this model to
quantify the proportion of variance in scan quality attrib-
utable to differences between providers prior to adjusting
for covariates. Model fit was assessed by comparing the
mixed-effects model with a standard logistic regression
model without random effects using Akaike Informa-
tion Criterion (AIC) and Bayesian Information Crite-
rion (BIC). Lower AIC and BIC values indicate improved
model fit.

Initial bivariate logistic regression was followed by a
multivariate regression model to adjust for confounders.
Due to multicollinearity, app version was omitted from
the final model as it was strongly associated with facility
type. Only the single hospital used an app version with-
out tutorial videos in the initial phase of the pilot. The
models calculated (adjusted) odds ratios ((a)OR), 95%
confidence intervals (CI), and p-values to determine the
significance of the associations, using a significance level
of p<0.05. A subgroup analysis assessed the effectiveness
of app versions with tutorial videos on scan quality for
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first-time users. This helped to account for experience as
a potential confounding factor.

B. Qualitative method

Study population and sampling

The qualitative component included six in-depth inter-
views (IDIs) with frontline healthcare providers, three
key informant interviews (KIIs) with hospital and District
Health Management Team (DHMT) staff, and two focus
group discussions (FGDs) —one with six healthcare pro-
viders and another with six female clients (pregnant,
and lactating women) who underwent obstetric scans
with the device. Additionally, participant observations
were conducted during the practices of three healthcare
providers.

Purposive sampling was used for IDIs and KllIs to
ensure diversity in participants’ roles and facility types,
while convenience sampling was used for FGDs. Client
participants were selected from facility records based on
their experiences within the past three months to mini-
mize recall bias. Although the qualitative sample was
relatively small, triangulation across interviews, FGDs,
and observations enhanced the credibility and depth of
the findings.

Data collection

Data collection took place over seven days (June 15-21,
2023) in Tonkolili district. Semi-structured topic guides
were used for Klls, IDIs, and FGDs, as detailed in the
Research Table (Appendix A). KlIs were conducted in
English, while IDIs and FGDs were held in the local Cre-
ole language. KIIs and IDIs lasted approximately 45 min,
while FGDs ranged from 60 to 75 min. The data collec-
tion techniques are summarized in Table 1:

Data analysis

Audio recordings were manually transcribed and trans-
lated from the local vernacular to English. Anonymized
transcripts were coded and analyzed in NVIVO software
(version 14) using a coding framework. To ensure quali-
tative rigor, an extensive codebook was developed (using
predefined NASSS categories) to guide systematic deduc-
tive analysis across all transcripts. Using a combined
deductive-inductive approach, new themes were cre-
ated where needed. One author conducted coding of all
transcripts to maintain coherence, while a second author
independently reviewed a subset of the data to compare
codes, identify discrepancies, and refine interpretations.
This process served to strengthen inter-coder reliability,
foster reflexivity and dialogue within the research team.
Triangulation across data sources (interviews, FGDs, and
observations) further strengthened the validity and depth
of interpretations, enabling a nuanced understanding of
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Table 1 Data collection procedures
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Procedure Number Participants

Research Issues Explored

Key Informant Interviews 3 DHMT staff: 2

(Klls) Hospital management: 1

In-Depth Interviews (IDls) 6
CHO): 6

Focus Group Discussions

(FGDs)

2 groups (12

participants) participants)

Healthcare providers (e.g. nurses, midwives,

Healthcare providers: 1 group (6

Roles in the pilot, policy decisions, and perspectives
on the pilot and device implementation.

Experiences with the device, including usability, per-
ceived effectiveness, and challenges faced during use.
Barriers, facilitators, and overall influences related to
device usage.

Clients: 1 group (6 participants)

Participatory Observation
pregnant women: 3

Healthcare providers performing scans on

Real-time interactions with clients, explanation of
procedures, communication of diagnoses, referral and
next steps.

the contextual factors influencing usability, practicality,
and sustainable adoption of the Al-enabled ultrasound.

Ethical considerations

Ethical approval was obtained from KIT Institute (refer-
ence S-208) and the Sierra Leone Ethics and Scientific
Review Committee (reference 001/06/2023). Informed
consent was obtained from all participants, ensuring
understanding of research procedures, potential risks,
and benefits, with the opportunity to withdraw volun-
tarily. To ensure anonymity and confidentiality, all per-
sonally identifiable data were coded and securely stored
on password-protected devices. Only the researchers had
access to the passwords. The data will be kept confiden-
tial for one year before being disposed of.

Results

This section presents the study findings. Quantita-
tive results on scan quality and performance are first
described and contextualized or nuanced with findings
from qualitative data. Subsequently, findings are pre-
sented according to each category of the NASSS frame-
work, primarily based on qualitative data. Mixed results
are further triangulated in the integrated findings para-
graph and discussion section.

Description of study participants

Among the 81 healthcare providers who conducted scans
57% were female, while 33% (27 of 81) had missing gen-
der data. Despite this, these missing values accounted for
only 1.2% of the total scans conducted (27 of 2,315), sug-
gesting minimal impact on the overall findings. In terms
of professional roles, MCHAs constituted a significant
proportion, making up 26% (21 of 81) of healthcare pro-
viders but contributing to 43.6% of all scans performed.
SECHN: s represented 9% (7 of 81), performed 19.5% (452
of 2,315) of the scans (Table 2).

From the 24 participating healthcare providers in inter-
views and FGDs, the majority (19 of 24) were female.
Educational backgrounds varied, 4 had tertiary educa-
tion, 14 had secondary education, 2 had primary edu-
cation, and 4 had no formal education. Clients also had

diverse maternal experiences, with five having prior
childbirth experience, while one was experiencing her
first pregnancy.

Scanning performance

A total of 2,315 scans were conducted between Octo-
ber 2020 and March 2023, with a median of 8 scans per
healthcare provider (IQR: 36). Among these, 83.8% were
of sufficient quality for remote or Al analysis, while 16.2%
were considered insufficient. Notably, 59.3% of health-
care providers achieved an 80% or higher rate of suffi-
cient-quality scans, meeting the predefined threshold.
Midwife students and Community Health Assistants had
the lowest percentages of high-quality scans, with 70.7%
(29 of 41) and 72.3% (73 of 101) of their scans deemed
sufficient, respectively.

Disparities across healthcare facilities were evident.
At one CHC, 17.3% (14 of 81) of the healthcare provid-
ers performed the highest number of scans, accounting
for 28.6% (663 of 2315) of the total. The best scan qual-
ity, with 92.3% of its scans rated as sufficient, was found
at one of the MCHPs. In contrast, the referral hospital
had the largest number of healthcare providers (35.8%)
but conducted the fewest scans (3.5%) and had the lowest
quality, with only 43.2% of scans meeting the sufficient
quality standard. A closer look revealed that the vast
majority (26 of 29) of healthcare providers at this hospital
had used the device only once. The descriptive charac-
teristics of healthcare providers and scans conducted are
shown (Table 2).

Factors associated with sufficient scan quality

Table 3 presents the bivariate and multivariate analyses of
factors associated with obtaining scans of sufficient qual-
ity. Bivariate results showed a strong positive association
between the use of an app with tutorial videos and scan
quality (OR: 14.1, 95% CI: 6.40-31.12, p<0.001). The app
variable was excluded from the multivariate model due
to multicollinearity with health facility type; however, a
subgroup analysis among first-time users (Table 4) con-
firmed that the association remained significant (OR:
12.2,95% CI: 4.11-36.32, p<0.001).
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Table 2 Descriptive characteristics of healthcare providers and scans conducted

Characteristics Healthcare providers Number of scans (N=2,315) Scans of sufficient
N=81 quality
n % n % n %
Sex of healthcare provider:
Female 46 56.8 1,897 819 1602 844
Male 8 9.9 391 16.9 328 839
Missing 27 333 27 1.2 10 370
Healthcare provider cadre:
CHOs 3 3.7 231 10.0 202 87.5
Midwives 4 49 154 6.6 133 864
CHAs 3 3.7 101 43 73 72.3
SECHNs 7 8.7 452 19.5 369 815
MCHAs 21 259 1,011 436 862 853
Student CHOs 1 12 22 1.0 18 81.8
Student midwives 3 3.7 41 1.8 29 70.7
SRNs 3 37 145 6.3 128 883
Student MCHAs 1 12 8 04 8 100.0
TBAs 4 49 42 1.8 41 97.6
CHVs 4 4.9 81 35 67 82.7
Missing 27 333 27 12
Health facility:
LHMC 29 358 81 35 35 432
Yele CHC 14 17.3 663 286 584 88.1
Mayepoh CHC 18 222 558 24.1 472 84.6
Manowo CHC 6 74 515 22.2 422 819
Mansumana CHP [§ 74 239 103 192 80.3
Petifu Mayepoh MCHP 4 49 129 56 119 923
Warema MCHP 4 49 130 5.6 116 89.2
App capability (tutorial videos):
With tutorial videos 2,234 96.5 1,905 85.3
Without tutorial videos 81 35 35 432
Frequency of scan:
Ist scan 81 35 56 69.1
2nd-10th scans 416 18.0 337 81.0
11th-30th scans 549 237 457 83.2
31st-50th scans 379 164 317 836
51st-100th scans 444 19.2 384 86.5
101st & above scans 446 19.3 389 87.2
Total number of scans
One scan 27 333 27 1.2 10 37.0
2-10 scans 16 19.8 90 39 69 76.7
11-30 scans 16 19.8 269 116 219 814
31-50 scans 7 8.6 289 12.5 234 81.0
51-100 scans 9 1.1 594 257 508 855
101 & above scans 6 74 1046 45.2 900 86.0
Quality of scan
Scans with sufficient quality 1,940 83.8
Scans insufficient quality 375 16.2

Primary health facilities (CHCs, CHPs, MCHPs)
had significantly higher odds of obtaining scans of suf-
ficient quality compared to the hospital. Specifically,
MCHPs demonstrated the highest odds of sufficient
scan quality (aOR: 51.8, 95% CI: 12.22-219.44, p<0.001).

Medium-skilled (aOR: 0.27, p=0.004), low-skilled with
formal training (aOR: 0.31, p=0.004), and very low-
skilled workers in training (aOR: 0.30, p=0.013) had
lower odds of obtaining sufficient-quality scans com-
pared to high-skilled workers. While scan frequency was
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Table 3 Factors associated with obtaining scans of sufficient quality (fixed effects output)

Bivariate analysis (N obs=2,315 & N groups =81

Multivariate analysis (N obs=2,288 & N

) groups=>54)
Factor OR 95% Cl P-value aOR 95% Cl P-value
App capability
Without tutorial video 1
With tutorial video 14.1 6.40-31.12 <0.007%**
Staff cadre @
High skilled 1
Medium skilled 04 0.14-1.16 0.091 0.27 0.11-0.66 0.004**
Low skilled with formal training 06 0.22-1.59 0.301 0.31 0.14-0.68 0.004**
Very low skilled in training 0.6 0.18-1.86 0.356 0.30 0.12-0.78 0.013*
Low skilled without formal training 1.0 0.27-335 0.937 0.35 0.11-1.05 0.061
Health Facility type
Hospital 1
CHCs 12.7 5.86-27.65 <0.007%** 20.7 6.23-68.96 <0.007***
CHPs 9.1 3.44-23.89 <0.007%** 19.6 4.81-80.18 <0.007%**
MCHPs 285 10.11-80.37 <0.007%** 51.8 12.22-219.44 <0.0071***
Frequency of scan:
1st scan 1
2nd-10th scans 1.8 0.99-3.29 0.055 0.7 0.28-1.58 0.350
11th-30th scans 1.9 1.02-347 0.042* 0.7 0.29-1.66 0413
31st-50th scans 1.8 0.95-3.43 0.072 0.7 0.27-1.63 0.380
51st-100th scans 22 1.15-4.28 0.018* 0.8 0.33-2.02 0.665
101st & above scans 24 1.22-4.79 0.011* 0.9 0.35-2.20 0.779

Please note that the reduced number of observations to 2,288 and healthcare provider’s groups to 54 in the multivariate analysis is attributable to missing values

within the “staff cadre” variable

cOR Crude Odds Ratios, aOR adjusted Odds Ratios, N obs Number of observations, N groups Number of groups of healthcare providers

@ missing 27 (33.3%) healthcare providers
* Significant at p-value <0.05
**Significant at p-value <0.01

*** Significant at p-value <0.001

Table 4 Sub-group analysis of first-time users of each category of the app version

Bivariate analysis (N=81)

Factor Total scans Sufficient quality scans OR 95% Cl P-value
App capability

Without tutorial videos 29 9 310 1

With tutorial videos 52 44 84.6 122 4.11-36.32 <0.001

linked to quality in bivariate analysis, no significant asso-
ciations were found in multivariate analysis.

The intraclass correlation coefficient (ICC) estimated
from the null (intercept-only) mixed-effects logistic
regression model was 0.259 (95% CI 0.142-0.425), indi-
cating that approximately 26% of the variation in scan
quality was attributable to differences between health-
care providers prior to adjusting for covariates.

Model fit statistics supported the inclusion of the pro-
vider-level random intercept. The mixed-effects model
demonstrated better fit (AIC=1913.3, BIC =1993.6) com-
pared with an otherwise identical model without random
effects (AIC=1933.2, BIC=2007.7). The differences in
AIC (AAIC=19.9) and BIC (ABIC=14.1) provide strong

evidence in favor of including provider-level clustering in
the model.

NASSS domains

Analysis was conducted under eight overarching
themes—seven corresponding to the NASSS domains
(Condition, Technology, Value Proposition, Adopters,
Organization, Wider System, and Embedding and Adap-
tation Over Time) and one additional emergent theme,
Quality of Care, which is discussed separately (Appendix
Q).

The condition
This domain examines knowledge, perceptions, and
sociocultural values on ultrasound use in relation to
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obstetric needs. Healthcare providers and key informants
acknowledged the device’s role in detecting high-risk
pregnancies, while clients expressed satisfaction with
its contribution to maternal and fetal well-being. Some
women also perceived referrals to hospitals as indicators
of prioritized care. However, concerns emerged about
increasing over-reliance on the device, which in some
cases appeared to replace essential clinical practices
such as physical examination and patient communica-
tion. Providers noted that physical examinations were
often omitted during routine check-ups, raising concerns
about declining fundamental clinical skills. As one pro-
vider reflected:

“The scan works so well that now, we are super
attached to it. I am worried that we are depending
on it for almost everything. What happens if it gets
faulty or is not available? We are losing our skills in
the process” (IDI with healthcare provider).

Some healthcare providers reported that the device aided
in identifying additional conditions, such as Sexually
Transmitted Infections (STIs), by allowing them to detect
vaginal odours during abdominal scans. While this was
described as an “unexpected benefit” of using the device,
it may also reflect a misunderstanding of the device’s pur-
pose and limitations, as such diagnoses should rely on
proper physical examination.

“We can smell vaginal odor during the scan process
and perform further examinations. The scan helps
us to be proactive” (IDI with healthcare provider).

Sociocultural factors were reported to pose minimal
barriers, as the scan’s perceived accuracy fostered wide-
spread community acceptance. This trust encouraged
healthcare engagement and compliance with referrals,
often reinforced by local leaders.

Women appreciate machines more than our manual
hands. There is high community acceptance” (KII
with DHMT Staff).

“When women refuse referrals, chiefs step in, and
they comply” (IDI with healthcare provider).

Despite widespread acceptance of ultrasound, some
women reported limited emotional support from their
male partners. While financial contributions were com-
mon, emotional involvement was less evident. Many
women described this lack of engagement as reflective
of cultural norms that frame maternal health as solely a
woman’s responsibility.
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“He (Partner) gives me money for the hospital but
never willingly accompanies me unless the nurses
request it” (FGD with Client).

The technology

This domain highlights healthcare providers’ experiences
with the device, focusing on its user interface, efficiency,
and feasibility at the primary healthcare (PHC) level.
Healthcare providers found the device easy to use, aided
by smartphone familiarity and tutorial videos. Instant
results were valued, facilitating timely care and refer-
rals, with the traffic light system proving useful in risk
categorization.

“We find it easy to perform the six sweeps as videos
are displayed, and we just follow the visual direc-
tion” (FGD with healthcare providers).

Healthcare providers found it easy to integrate the device
into their routines, improving their diagnostic skills and
contributing to better overall care delivery. They also
noted reduced workloads and faster diagnoses, freeing up
time for other duties and enhancing overall performance.

“It was easy to integrate into our routine. We trained
colleagues, and everyone in the maternity unit can
use the device well” (IDI with healthcare provider).
“The scan reduces the time spent on listening for a
fetal heartbeat and determining gestational periods,
which are difficult to do manually” (IDI with health-
care provider).

However, despite claims of reduced workload, observa-
tions revealed that healthcare providers were often over-
whelmed due to high demand for ultrasounds. At least
60 pregnant women per day attended an ANC clinic
per facility, and all underwent scans, regardless of hav-
ing had a recent scan. With a maximum of three staff per
primary health facility, the healthcare provider-to-client
ratio stood at 1:23, far exceeding the global standard of
1:5. The increased utilization of the technology has high-
lighted a staffing shortfall that the device alone cannot
resolve.

The perceived value

This component explores participants’ perspectives on
the device’s importance, emphasizing its intrinsic bene-
fits and broader impact. Obstetric ultrasound availability
was mentioned to increase ANC attendance and facility
deliveries. This surge has facilitated the implementation
of other health interventions, such as immunizations and
malaria screenings.
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“Pregnant women are coming for scans, and this
indirectly helps in strengthening other ANC services
like TT (Tetanus Toxoid) and malaria checks” (IDI
with healthcare provider).

The device was believed to reduce maternal and fetal
deaths, by improving diagnostic accuracy and enabling
early identification of high-risk pregnancies. Healthcare
providers highlighted its role in mitigating misdiagnosis,
particularly by empowering lower-cadre staff to enhance
their diagnostic skills through hands-on use.

Some participants reported that the device reduced
maternal and fetal complications, including misdiag-
noses, and improved trust in care. However, these claims
were anecdotal, not verified through clinical records, and
should be interpreted cautiously. While the device may
enhance early detection and referral, its impact on actual
maternal and fetal outcomes remains unconfirmed. Addi-
tionally, improvements may stem from broader health
interventions like health education campaigns, making it
challenging to isolate the specific impact of the device.

Clients also noted that the scan helped alleviate fears
about potential health risks and increased their trust in
diagnoses.

“Many women have died or had stillbirths without
knowing it. But since the scan, we haven't heard of
such cases” (FGD with Clients).

Healthcare providers observed increased client engage-
ment, noting that obstetric ultrasound empowered
women to take a more active role in healthcare decisions.
However, they also acknowledged a critical gap in inter-
personal care. Many women seek empathy, respect, and
emotional support—needs that are often unmet due to
time constraints, limited training in client-centered care,
and broader systemic challenges. Addressing this gap is
crucial, as emotional support significantly influences cli-
ent satisfaction and adherence to care.

Adopters

For the factors shaping the adoption and implementation
of the device, healthcare providers credited the device’s
ease of use and tutorial-based training for its success-
ful adoption. The device was described as user-friendly,
practical, easy to operate and improved access and early
referrals at primary care levels.

However, overall staff education levels were cited as
a challenge. While basic device use was easy to learn,
interpreting results and linking them to clinical actions
required more advanced midwifery and obstetric knowl-
edge. This skills gap risked misdiagnosis and reduced the
device’s potential benefits.
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“My technical background as a midwife helps me
link the result with the woman’s overall health” (IDI
with healthcare provider).

Clients’ decisions to undergo scans were influenced by
socioeconomic factors, including transportation issues,
illiteracy, high costs at advanced facilities, the challenge
of leaving other children behind, and anxiety about refer-
rals. While some clients were discouraged by these barri-
ers, others were motivated by the knowledge gained from
a diagnosis, prompting them to seek care to protect their
health and that of their babies.

Organizational factors

This domain delves into the infrastructure and funding
requirements necessary for integrating health technolo-
gies within health facilities. Findings revealed an urgent
need to improve PHC infrastructure nationwide, espe-
cially for power and internet connectivity. Currently,
facilities rely on intermittent support from develop-
ment partners for solar energy and internet access. Sus-
tainable solutions have not yet been established by the
government.

Primary health facilities in the pilot program benefited
from donor-supported infrastructure, such as electric-
ity and internet, but many others across the country lack
these resources. Both healthcare providers and clients
expressed dissatisfaction with the health system despite
the free healthcare initiative, citing issues such as short-
ages of life-saving drugs and poorly lit delivery rooms.

“The clinics need more medication for maternity.
Nurses tell us we need more care, but most times
there is no medication for treatment” (FGD with Cli-
ents).

Barriers such as stockouts and the lack of necessary
medical supplies, particularly gel for scanning, were also
identified. Since gel is not part of routine supplies, clients
were often asked to purchase it, adding financial strain.
Insufficient examination beds also contributed to delays.

“With such a huge workload, we need at least 2 beds
for scans and general assessments” (IDI with health-
care provider).

Limited funding remains a major challenge for invest-
ing in innovative healthcare technologies. Sierra Leone’s
dependency on donors raises concerns about the scal-
ability and sustainability of technologies. Although the
device is more affordable than traditional ultrasound
machines, its annual subscription fee poses a finan-
cial burden. Efforts to scale the program are further
complicated by local councils’ tendency to prioritize
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administrative and personnel expenses over recurring
technology costs.

Wider system factors

This segment explores how policy gaps, socio-economic
factors, and cultural norms affect digital health use.
Healthcare Providers highlighted the absence of clear
guidelines on obstetric ultrasound, leading to incon-
sistent practices like frequent, unnecessary scans. This
strained resources, increased workload, and diverted
attention from high-need cases. Clear protocols on scan
frequency were seen as vital for improving efficiency and
care quality.

“We need guidelines to know, for example, the maxi-
mum number of scans a woman need before deliv-
ery and the frequency of scans. Now we are scanning
randomly.” (IDI with healthcare provider).

Corruption and inconsistent service fees were significant
barriers for clients. Many clients reported preferential
treatment, bribery, and inconsistent charges for services
meant to be free. Some were even denied scans unless
they paid, undermining trust in the healthcare system
and placing a financial burden on struggling families.

“Payment is also discriminatory. Some women pay,
while others don’t for the same service. If you don’t
pay, they'll say the device isn’t available and refer us
to the hospital, even if it’s unnecessary” (FGD with
Clients).

Despite these challenges, clients trusted the obstetric
ultrasound results, appreciating its clear and consistent
diagnoses, which boosted their confidence in their baby’s
health and healthcare providers, contrasting with previ-
ous experiences of conflicting diagnoses.

Embedding and adaptation over time

This domain underscores the role of key stakehold-
ers in creating an environment conducive to long-term
technology adoption. Key informants reported limited
involvement in national decision-making and identi-
fied structural and systemic gaps that hinder adaptation.
These include the lack of a viable market for medical
equipment, insufficiently trained biomedical engineers,
and inadequate financial commitment from the govern-
ment and other stakeholders.

A lack of coordination among stakeholders in tailoring
digital health technologies to Sierra Leone’s context was
a critical barrier. Previous attempts to introduce similar
technologies failed due to digitalization challenges and
low digital literacy. Financial sustainability was also a
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concern, particularly with technologies requiring ongo-
ing subscription fees.

“Allocating the budget for the procurement of some
BabyCheckers is something to consider in the annual
district health budget and planning, but in the case
of the BabyChecker device, a yearly subscription fee
adds to the funding and sustainability concerns”
(KII with DHMT Staff).

Despite these challenges, stakeholders expressed opti-
mism about the device’s potential to address Sierra
Leone’s high Maternal Mortality Ratio (MMR). However,
they stressed the need for further research to secure buy-
in from the Ministry of Health and Sanitation (MoHS)
and ensure scalable implementation.

“BabyChecker is good for the SL context that has
high MMR. As a senior staff, I have a buy-in as I
have seen the improvements in the piloted chiefdom.
However, more research is needed to get buy-in from
the MoHS to scale up” (KII with DHMT Staff).

Quality of care

Quality of care emerged as a major concern across all
domains, especially regarding the duration of ANC
examinations. On average, only 3-5 min were spent
per client for both ANC assessments and scanning, far
below the 30-40 min standard recommended by the
focused ANC model [11, 20]. This limited time reduced
care quality and led to client dissatisfaction. The rushed
nature of examinations left little opportunity for health-
care providers to offer essential education, counselling,
and feedback. Clients expressed frustration with the lack
of communication and support.

“No counselling was done before or after the scan.
We assume the baby is fine if we don’t hear anything
from the nurse. If your baby is not well, the nurse
will refer you” (FGD with Client).

Observations revealed lapses in privacy and consent.
Clients’ upper bodies were unnecessarily exposed dur-
ing observations, and consent was rarely obtained. Such
practices undermine patient dignity and trust. High
patient volumes worsened these problems, as healthcare
providers seemed to prioritize efficiency over quality.

Integrated findings summary

Overall, the integrated findings show that the smart-
phone-based ultrasound device was both usable and
acceptable in routine maternity care, while also reveal-
ing contextual constraints that may influence long term
sustainability. Across the dataset, most obstetric sweeps
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met the criteria for sufficient quality, and many pro-
viders achieved the 80% quality threshold. Providers
consistently described the device as easy to learn and
incorporate into daily workflows, and their experiences
reinforced the strong link between tutorial use and scan
quality. The tutorial videos were viewed as accelerating
learning, boosting confidence, and supporting more con-
sistent completion of the six-sweep protocol. The traffic
light feedback system simplified real time risk categoriza-
tion and supported more consistent scan quality in facili-
ties where the app was reliably used.

Scan quality was influenced not only by technical skill
but also by providers’ confidence, familiarity with the
device, and comfort navigating the application, factors
that help explain variations in performance across health
facilities and healthcare worker cadres.

The findings also revealed system-level barriers not
captured in routine scan records, including unreliable
electricity and internet connectivity, dependence on
partner-supported resources, stock-outs, limited staff-
ing, and the absence of national guidelines for point-of-
care ultrasound. Providers described incorporating scan
findings with clinical history and physical examination
to inform decision-making, while also voicing concerns
about potential over reliance on the technology and the
gradual erosion of traditional ultrasound skills.

Discussion

This study demonstrates that healthcare providers with
varying skill levels can produce quality obstetric ultra-
sound images using the OSP, indicating that decentral-
ization of diagnostic imaging to lower-level healthcare
workers is feasible in resource-limited settings. Simi-
lar implementation literature shows that enabling basic
obstetric ultrasound at the primary care level is accept-
able and feasible among midwives and nurses, with high
reported rates of acceptable scans and positive user
perceptions. For example, a prospective, observational,
multiphase implementation science study reported that
more than 70% of the reviewed subsample of scans met
the minimum quality standards. This finding supports
the usability of ultrasound for maternal and fetal health
where skilled radiologists or sonographers are scarce
[21].

Despite the overall impressive performance of health-
care workers to perform scans of sufficient quality, this
study observed variations in scan quality across differ-
ent cadres of healthcare workers and health facility types,
highlighting the need for ongoing training and support-
ive supervision. The lower scan quality at the hospital, for
example, may be partly related to earlier app versions that
lacked tutorial videos, which could have limited the scan-
ning proficiency of healthcare workers in that setting.
Moreover, although hospitals typically have more skilled
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staff, scans were performed mostly by nurses and mid-
wives, similar to those in primary facilities. Staff accounts
help clarify this discrepancy: primary facility teams
described collaborative learning environments and rou-
tine device use, whereas hospital staff reported limited
exposure and minimal integration of the device into daily
workflows. These contextual differences help explain why
primary health facilities produced unexpectedly higher
quality scans and align with broader evidence that ultra-
sound uptake in low resource settings depends heavily on
workflow integration, provider capacity, and infrastruc-
ture support [22]. The higher quality scans from MCHPs
compared to CHCs and CHPs may relate to their stron-
ger focus on maternal and child health. Providers at these
facilities are likely more familiar with pregnancy assess-
ment and palpation techniques, and their lower patient
volumes might allow for more time and attention per
patient, contributing to more consistent and higher qual-
ity sweeps.

Clients’ strong acceptance of ultrasound services has
the potential to enhance ANC attendance and facility
deliveries, ultimately improving maternal and fetal out-
comes. Evidence from similar settings shows that the
availability of ultrasound can increase the frequency
of ANC visits [12, 23]. Increased ANC visits also cre-
ate opportunities to integrate other maternal health
interventions such as immunization and health educa-
tion. However, participants’ perceptions that the device
reduces maternal and fetal deaths remain anecdotal, as
outcome data were unavailable. Future studies should
evaluate broader health indicators to verify these per-
ceived benefits.

Although the device was widely accepted, the study
revealed over-reliance on the device, with some provid-
ers substituting essential clinical practices like physical
examinations and vital sign checks. This substitution
likely reflects gaps in training and the absence of clear
clinical guidelines, a pattern consistent with prior stud-
ies showing that ultrasound availability can inadvertently
lead to the omission of basic procedures [24, 25]. Such
over-reliance underscores the need for ongoing supervi-
sion and refresher training to reinforce comprehensive,
patient-centered care. At the same time, the broader
analysis indicates that user friendly digital tools can sup-
port effective task shifting when accompanied by struc-
tured training and ongoing support, aligning with WHO
recommendations and evidence from similar settings [22,
26]. Similar studies show that targeted training enables
individuals with no prior ultrasound experience to con-
duct basic obstetric scans effectively [27-33].

In a few instances, providers attributed the device diag-
nostic capabilities beyond its function, revealing potential
gaps in comprehensive ANC. For example, some provid-
ers reported detecting “vaginal odor” during abdominal
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scans, an indication of infection that should be identi-
fied through physical examination rather than ultra-
sound. Patients in other studies have also highlighted the
need for adequate consultation time and comprehensive
assessments during ANC visits [34, 35]. Despite WHO
and Sierra Leone’s ANC guidelines emphasizing the
importance of thorough physical examinations, these are
often overlooked unless clients report symptoms, com-
promising diagnostic accuracy and the complementary
role of ultrasound. The pilot provided basic operational
guidance and on-site training but lacked comprehen-
sive protocols outlining how ultrasound findings should
be integrated into routine ANC workflows and bal-
anced with essential clinical assessments. This absence
of standardized procedures may have contributed to
inconsistent practices, including substituting physi-
cal examinations with ultrasound. These patterns likely
reflect broader health system constraints such as limited
supervision, high workloads, and insufficient refresher
training rather than solely individual provider behaviour.
Strengthening implementation protocols, embedding
ultrasound within existing ANC guidelines, and ensuring
regular mentorship could support more consistent and
high-quality care.

Despite the device’s user-friendly design, some provid-
ers especially those with lower formal education faced
challenges integrating scan results into broader mater-
nal and child health (MCH) services. Training should
therefore extend beyond technical operation to reinforce
clinical reasoning, communication, and decision-making,
while clarifying the device’s complementary rather than
substitutive role in care delivery. While the device may
streamline certain ANC tasks, observations that provid-
ers were “overwhelmed” and the calculated provider-to-
client ratio of 1:23 suggest that increased service demand
could paradoxically increase workload. Future implemen-
tation strategies should anticipate and manage this work-
load paradox to ensure sustainable integration.

Beyond technical performance, the study uncovered
an unmet need for empathy, respect, and emotional sup-
port during ANC consultations; reminding us that while
technology can enhance diagnostic capability, it cannot
replace the human elements of care that foster trust, sat-
isfaction, and continued health-seeking behavior. These
findings align closely with the WHO Respectful Mater-
nity Care (RMC) standards [36], which emphasize dig-
nity, privacy, informed choice, effective communication,
and emotional support as core components of quality
maternal care. Gaps identified in provider—patient com-
munication, limited explanation of scan findings, and
insufficient emotional support reflect deviations from
these standards and highlight the need to integrate RMC
principles into digital health interventions. Strengthen-
ing respectful care practices is essential to ensure that the
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introduction of ultrasound enhances, not inadvertently
undermines the experience of care. Embedding RMC
standards into training, supervision, and ANC protocols
helps align technological innovations with global expec-
tations for dignity, rights-based care, and positive patient
experience. Challenges at the level of care are further
compounded by broader system-level barriers, including
unreliable power supply, poor internet connectivity, sup-
ply chain inefficiencies, and limited infrastructure, obsta-
cles as also identified in other research [3, 37].

Addressing these gaps requires investment in both
health system infrastructure and provider training that
goes beyond technical device operation. Digital health
tools like ultrasound should complement, not replace,
established medical practices and patient-centered
care protocols. Furthermore, issues of governance and
resource allocation persist. Concerns about inequitable
access, corruption, and weak accountability highlight
the need for stronger health system governance and
transparent funding mechanisms. Underfunding at the
primary healthcare level limits district health manage-
ment teams’ ability to maintain supplies, support pro-
viders, and deliver equitable care. Despite global calls
for increased PHC funding, including the Lancet Global
Health Commission’s recommendations [38], persistent
underinvestment continues to exacerbate inequities, dis-
proportionately affecting lower-income populations.

Together, these triangulated findings indicate that
while the technology demonstrates strong usability and
clinical promise at the provider level, its sustained impact
will depend on strengthening organizational and health
system readiness.

Study limitations

A key limitation of this study is that the quantitative data
were collected during the pilot phase rather than within
a structured research setup. Consequently, the analysis
relied on available data, which limited the ability to con-
trol for certain potential confounding factors and may
reduce the generalizability of the findings. This highlights
the need for more rigorous data collection and monitor-
ing protocols in future implementation research.

The “app version” variable was excluded from the
regression analysis due to multicollinearity with health
“facility type, as only the hospital used an app ver-
sion without tutorial videos. While a subgroup analysis
among first-time users partially mitigated this issue, it
could not fully disentangle the independent effects of app
version and facility type variables. Future studies with
more balanced datasets should further explore these rela-
tionships to clarify the influence of software features on
scan quality.

Additionally, scan quality was primarily assessed by a
single analyst, with a subset reviewed by two analysts to
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enhance reliability. Scan assessment was based on the
Obstetric Sweep Protocol (OSP), a simplified sweep-
based ultrasound method designed for minimally trained
providers. While OSP supports task-sharing and enables
estimation of key obstetric parameters, it is not a gold-
standard imaging protocol. Its simplified approach and
potential operator variability may limit precision and
comprehensive biometric assessment; therefore, findings
should be interpreted with caution.

In the qualitative component, the small sample size (six
in-depth interviews and two focus group discussions) for
the qualitative component is acknowledged as a limita-
tion that restricts generalizability. Nevertheless, data
saturation was reached, suggesting that the collected data
sufficiently captured the key themes and experiences. The
findings were interpreted to reflect depth and contextual
richness rather than broad generalizability.

Despite these limitations, the study applied robust sta-
tistical modelling and triangulated quantitative and qual-
itative findings to enhance internal validity and ensure
credible, contextually grounded conclusions.

Contribution to the literature

This study advances evidence on Al-enabled
point-of-care ultrasound by providing a real-world
assessment of an Al-supported obstetric device used by
frontline providers across multiple primary-level facilities
in a low-resource setting. By analysing more than 2,300
scans from 81 providers, it demonstrates that high-qual-
ity imaging is achievable outside specialist environments
when supported by digital guidance.

The study also offers new insights into how embed-
ded tutorial videos and visual sweep guidance influence
provider performance, confidence, and workflow integra-
tion. The strong association between these tools and scan
quality highlights the potential of integrated digital learn-
ing to strengthen task-sharing models in maternal health.

In addition, the study deepens understanding of the
contextual and system-level factors that shape adoption
and sustained use of Al-enabled diagnostics, including
infrastructure reliability, staffing patterns, and workflow
alignment.

Conclusion

This study shows that Al-enabled obstetric ultrasound
technology is a practical and usable tool for healthcare
providers in Sierra Leone. Despite varying skill levels,
providers were able to produce quality images ready for
remote or Al analysis. The device’s user-friendly design
and tutorial videos supported independent learning
and task shifting, demonstrating its potential to expand
access to basic obstetric imaging in primary healthcare
settings where specialist capacity is limited. However,
sustainable scale-up will require strengthened training,
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clearer clinical guidelines for integrating ultrasound find-
ings into comprehensive antenatal care, and improve-
ments in health system infrastructure, including reliable
power and supplies.

While this study demonstrates promising usability, sev-
eral evidence gaps remain. Longitudinal implementation
studies are needed to evaluate long term provider per-
formance, retention of skills, and the effectiveness of dif-
ferent training and supervision models for non-specialist
users. Larger multi-site studies should also examine cost
effectiveness, health system readiness, and the opera-
tional requirements for sustainable scale up, including
integration with referral pathways, digital health systems,
and national maternal health policies.

Further work is also required to understand provider
and client acceptability over time, including the risk of
over reliance on the technology and potential effects on
comprehensive antenatal care practices. Finally, research
examining governance mechanisms, policy integration,
and health system readiness will be critical to inform sus-
tainable national adoption.

Taken together, the findings indicate that AI enabled
obstetric ultrasound holds considerable promise for
improving access to basic imaging in resource lim-
ited settings, but its long-term impact will depend on
strengthening training systems, clinical governance, and
the broader health system foundations required for sus-
tainable scale up.
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