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Abstract
Objective

This study investigates the application of Artificial Intelligence-Driven Point-of-Care Ultrasound (Al-
POCUS) in antenatal care (ANC) services within low-resource settings, examining its effects on ANC
adherence, referral decisions, and maternal and neonatal outcomes. The findings will provide empirical
evidence to support the integration of digital interventions into primary healthcare systems.

Methods

A total of 706 pregnant women from the North Shewa Zone in the Amhara Region of

Ethiopia were enrolled in the study between November 2024 and February 2025 using a consecutive
sampling method and subsequently categorized into two groups based on their receipt of AI-POCUS
examinations (AI-POCUS group, n=108; control group, n=598). Data were collected through face-to-face
structured questionnaires, medical record extraction, and maternal follow-up, and differences in
sociodemographic characteristics, referral patterns, and maternal and neonatal outcomes were
compared between groups. Multivariate analyses using Firth logistic regression were performed to
explore associations between AI-POCUS exposure and adequate ANC visits, maternal complications,
and neonatal health outcomes.

Results

Compared with the control group, women in the AI-POCUS group were more likely to reside in urban
areas, have employed occupations, and have partners with lower educational attainment (P<0.001),
while the proportion of elderly mothers (Age = 35 years) was significantly lower (P=0.042). No
statistically significant differences were observed between the two groups in maternal age, marital
status, or obstetric history (P>0.05). Among those who underwent ultrasound examination, the referral
rate during the second trimester (19.67%) was markedly higher than in the first (0%) and third (4.55%)
trimesters. Women who received AlI-POCUS were 4.92 times more likely to achieve the WHO-
recommended number of ANC visits than those in the control group (aOR = 4.923, 95% CI: 2.863-8.465,
P<0.001). However, no statistically significant associations were observed between AI-POCUS use and
maternal complications, neonatal complications, or neonatal mortality (P>0.05).

Conclusions

Al-POCUS can serve as an important tool for ANC in low-resource settings, with potential value in
improving ANC visits, strengthening risk management, and facilitating timely referrals. When scaling up
digital health interventions for ANC, socioeconomic and cultural differences should be carefully
considered to foster the development of sustainable and replicable models of digital perinatal care.

1. Introduction
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Ethiopia remains one of the countries with the highest maternal mortality ratio (MMR) in sub-Saharan
Africa. In 2023, the MMR was estimated at 195 per 100,000 live births [1], while the neonatal mortality
rate (NMR) reached 27 per 1,000 live births, both substantially exceeding global averages and targets [2,
3]. In recent years, the government has implemented a series of measures, including expanding
antenatal care (ANC) coverage and improving healthcare infrastructure, to address persistently high
maternal and neonatal mortality [4]. However, progress has been limited due to multiple constraints,
particularly the shortage of healthcare resources [5]. These challenges are further exacerbated in the
Ambhara region, where ongoing armed conflict has severely disrupted healthcare delivery systems. The
fragile context has restricted the availability of perinatal health services and contributed to persistently
low quality of ANC services in the region [6, 7].

Artificial intelligence-driven point-of-care ultrasound (AlI-POCUS), which integrates advanced Al
algorithms with portable bedside ultrasound devices, has emerged as a promising innovation. Owing to
its low cost, portability, and reduced dependence on highly specialized operators, AI-POCUS has the
potential to improve the accessibility and efficiency of ANC services in resource-constrained and fragile
settings [8, 9]. However, existing studies have predominantly focused on algorithm development,
technical performance, and feasibility assessments [10-13], with limited evidence on its real-world
effectiveness in improving ANC utilization and maternal and neonatal health outcomes [14, 15].

To address this gap, the present study utilized field data collected between November 2024 and
February 2025 in the North Shewa Zone of the Amhara region, Ethiopia. A total of 706 pregnant women
were enrolled through a combination of on-site surveys and clinical data collection. This study aimed to
systematically evaluate the effectiveness of AI-POCUS in improving ANC visits, referral rates for high-risk
pregnancies, and maternal and neonatal health outcomes, thereby providing empirical evidence and
policy-relevant insights to support the sustainable implementation of this technology in low-resource
settings.

2 Materials and Methods

2.1 Data Source and Study Design

The study data were derived from field investigations conducted in the North Shewa Zone of the Amhara
Region, Ethiopia, which has an estimated population of approximately 2.3 million. Women of
reproductive age account for approximately 20% of the population, and roughly 90% of residents live in
rural areas [7].

Ethical approval for this study was obtained from the Institutional Review Board of Debre Birhan
University, Ethiopia (Approval No. IRB 01/11/2017). To ensure comparability of baseline characteristics
and to accurately evaluate the impact of AI-POCUS, study sites were selected from areas with
comparable maternal mortality levels and functional primary health care facilities. A total of 706
pregnant women who delivered at primary health care facilities between November 2024 and February
2025 were included in the study and followed until delivery outcomes were recorded.
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2.2 Eligibility Criteria

Inclusion criteria were as follows: (1) women aged 15-49 years, with advanced maternal age defined as
>35 years [16]; (2) gestational age <24 weeks at the first ANC visit at participating facilities; (3) no severe
underlying diseases or major pre-existing conditions at enrollment (e.g., severe cardiopulmonary
dysfunction); and (4) provision of informed consent. Exclusion criteria included: (1) cognitive impairment
or inability to communicate; and (2) incomplete antenatal or delivery records.

2.3 Data Collection and Management

Data were collected through a combination of face-to-face structured questionnaires, medical record
extraction, and maternal follow-up. The questionnaire covered sociodemographic characteristics,
previous adverse obstetric history, pregnancy outcomes, delivery complications, and neonatal
complications. Previous adverse obstetric history included miscarriage, stillbirth, fetal malformation,
abnormal fetal birth weight, preterm birth, low birth weight, abnormal vaginal bleeding, premature rupture
of membranes, pregnancy-induced hypertension, previous cesarean section, and other gynecological
surgical histories.

Field data collection was carried out by local data collectors from the Amhara Region of Ethiopia. During
the study period, the research team conducted monthly field supervision to evaluate equipment status,
data completeness, and adherence of field staff to study procedures. Data collected through paper
questionnaires and handwritten medical records were verified and subsequently entered into Microsoft
Excelversion 2079 for data management. Logical consistency checks and data cleaning were performed
prior to analysis.

2.4 Artificial Intelligence-Driven Point-of-Care Ultrasound (AI-POCUS)

The intervention utilized an AI-POCUS system integrating Al algorithms with portable ultrasound devices
and includes built-in models capable of automatically identifying fetal presentation, assessing amniotic
fluid volume, and measuring key parameters such as biparietal diameter. Based on these measurements,
the system provides preliminary diagnostic suggestions, which may enhance the accessibility of ANC
services and facilitate early detection of high-risk pregnancies.

Given the shortage of skilled personnel and medical equipment in primary health care systems in
resource-limited settings such as Ethiopia, the AI-POCUS system is designed to enable primary health
care providers to perform rapid antenatal screening after short-term training. In addition to the standard
recommended ANC contacts, women in the AI-POCUS group also underwent Al-POCUS screening during
their ANC visits. These examinations were used to monitor fetal growth and development, confirm fetal
presentation, and conduct pre-delivery assessments.

Al-POCUS examinations were performed by locally trained midwives or nurses. All operators received
standardized training covering device operation, image interpretation, recognition of common high-risk
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signs, and referral criteria, in accordance with the recommendations of the International Society of
Ultrasound in Obstetrics and Gynecology (ISUOG) [17].

2.5 Outcome Measures

The study compared perinatal conditions and neonatal outcomes between the two groups to evaluate
the potential impact of AI-POCUS on ANC visits and maternal-neonatal health outcomes.

The primary outcome concerned ANC visits. According to the World Health Organization (WHO)'s
Focused Antenatal Care model, ANC services in low-resource settings should emphasize fewer but
higher-quality contacts, ensuring that each visit includes health assessment, high-risk identification, and
health education [18]. The model recommends that pregnant women complete at least four key visits
throughout pregnancy, typically during early pregnancy, mid-pregnancy, late pregnancy, and the period
before delivery. Based on this framework, the number of ANC visits recorded in the questionnaire was
transformed into a binary outcome variable indicating whether the recommended threshold had been
achieved (=4 visits) or not (<4 visits).

The secondary outcomes concerned maternal and neonatal health outcomes. Neonatal death was
defined as stillbirth at or after 28 weeks of gestation or neonatal death within seven days after birth [19].
Delivery complications included any life-threatening complications occurring during delivery, such as pre-
eclampsia or eclampsia, severe postpartum hemorrhage, and placental abruption [20]. Neonatal
complications included conditions such as birth asphyxia, preterm birth, and very low birth weight [21].
These outcomes were coded as binary variables for analysis.

2.6 Statistical Analysis

All statistical analyses were performed using STATA version 78.0. Categorical variables were described
using frequencies and percentages, while continuous variables were presented as means with standard
deviations or medians with inter-quartile ranges depending on the distribution characteristics. Group
comparisons were conducted using chi-square tests for categorical variables, with continuity correction
or Fisher's exact test applied when necessary. For continuous variables, independent sample t-tests were
used for approximately normally distributed variables, whereas Mann-Whitney U tests were applied for
skewed distributions.

For binary outcome variables, including adequate ANC visits and maternal or neonatal outcomes,
multivariable Firth logistic regression models were applied. Penalized likelihood estimation was used to
reduce bias associated with small sample sizes and rare events [22]. Covariates included maternal age,
education level, maternal and paternal occupation, gravidity, parity, gestational age, place of residence,
knowledge of last menstrual period, and adverse pregnancy conditions. Results were reported as
adjusted odds ratios with 95% confidence intervals (CIs). A two-sided p value of less than 0.05 was
considered statistically significant.
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3 Results
3.1 Descriptive Analysis

3.1.1 Comparison of Sociodemographic Characteristics
Between Two Groups

Pregnant women were categorized into two groups based on whether they received AI-POCUS
examinations during ANC visits. Sociodemographic characteristics and obstetric history were compared
between the two groups, including place of residence, maternal age distribution and the proportion of
advanced maternal age, marital status, parental education level, maternal occupation, knowledge of last
menstrual period, abortion history, parity and gravidity, history of adverse pregnancy outcomes, and
gestational age at delivery.

Among the 706 pregnant women included in the study, 108 were included to the AI-POCUS group and
598 to the control group, based on whether they received AI-POCUS examinations. The comparison of
baseline characteristics showed that the proportion of women residing in urban areas (37.96%), those
whose husbands had lower educational attainment (26.14%), and women engaged in paid employment
(29.63%) were significantly higher in the AI-POCUS group than in the control group (20.57%, 10.80%, and
14.05%, respectively; P<0.001). In contrast, the proportion of advanced maternal age (= 35 years) was
significantly lower in the AI-POCUS group than in the control group (8.33% vs. 15.89%, P=0.042).

No statistically significant differences were observed between the two groups in maternal age
distribution, marital status, maternal educational level, knowledge of last menstrual period, abortion
history, parity, gravidity, previous adverse pregnancy history, or gestational age at delivery (P> 0.05).
Detailed comparisons of the sociodemographic characteristics of pregnant women in the two groups are
presented in Table 1.
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Table 1

Comparison of Sociodemographic Characteristics of Pregnant Women Between the Two Groups (N =

706)
Variables AlI-POCUS AlI-POCUS Control Control group Xyt P-value
roup group roup percentage/%
requency percentage/% requency
(n=108) (n=598)
Residence
Urban 41 37.96 123 20.57 15.5212 <
Rural 67 62.04 475 79.43 0.001
Maternal
age
(Years)
15-20 9 8.33 78 13.04 83402  0.138
21-25 37 34.26 153 25.59
26-30 38 35.19 184 30.77
31-35 18 16.67 122 20.40
36-40 5 4.63 58 9.70
41-45 1 0.93 3 0.50
advanced maternal age
(=35 years)
Yes 9 8.33 95 15.89
Marital
status
Not 20 18.52 135 22.58 08792  0.349
married '
Married 88 81.48 463 77.42
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Table 1
Comparison of Sociodemographic Characteristics of Pregnant Women Between the Two Groups (N

= 706) (Continued)
Maternal education level
Below primary education 89 82.41 512 85.62 (7452 0.388
Primary education or above 19 17.59 86 14.38

Father’s education level (N = 551, married women only)
Below primary education 23 26.14 50 10.80 151342  <0.001"
Primary education or above 65 73.86 413 89.20

Maternal occupation

Daily laborer 7 6.48 29 485 3997972  <0.001™
Merchant 16 14.81 44 7.36

Housewife / farmer 75 69.44 505 84.45

Government employee 4 3.70 5 0.84

NGO employee 3 2.78 0 0.00

Student 1 0.93 9 1.51

Enterprise employee 2 1.85 6 1.00

Knowledge of last menstrual period (LMP)
Unknown 33 3056 222 3712 47702 0.191
Known 75 69.44 376 62.88

Table 1 Comparison of Sociodemographic Characteristics of Pregnant Women Between the Two Groups
(N =706) (Continued)
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History of abortion

No 98 90.74 564 9431 qggga 0.157
Yes 10 926 34 569
Parity, M(P25P75) 2 03 2 03  q350pb 0.178

Gravidity, M (P25, P75) 2 1,3 2 1,3 1.1 08b 0.268

Previous adverse pregnancy history

1-2 types 48 4444 314 5251 41182 0.128
3-4 types 14 1296 47 7.86
> 5 types 46 4259 237 39.63

Gestational age at delivery

< 37weeks 6 2.06 24  4.01 15852 0.663
37-42weeks 87 80.56 465 77.76

> 42weeks 1 0.93 7 1.17

Unknown 14 1296 102 17.06

*kk

Notes: il X2 test; Il t test; *P<0.05; ™ P<0.001.

3.1.2 The Impact of AI-POCUS Examination Findings on
Referral Decisions

Follow-up records were used to document referral events among pregnant women in the AI-POCUS
group during ANC visits. Differences in abnormal ultrasound findings and referral occurrence across
different stages of pregnancy were examined to assess the role of AI-POCUS in identifying high-risk
pregnancies and influencing referral decisions within the primary health care system (Table 2).

Among the 108 pregnant women who received AI-POCUS examinations, a total of 14 referrals occurred
during ANC visits. The referral rate varied across pregnancy stages. During the second trimester, 12 out
of 61 women were referred, corresponding to a referral rate of 19.67%. In the third trimester, 2 out of 44
women were referred (4.55%), whereas no referrals occurred among the three women who received Al-
POCUS examinations in the first trimester. However, these differences in referral rates across pregnancy
stages were not statistically significant.

Among all referred pregnant women, 12 cases (85.71%) had abnormal findings on AI-POCUS
examinations. Only two referrals occurred among women with normal AI-POCUS results. Statistical
analysis indicated a significant association between abnormal AI-POCUS findings and referral decisions
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(P<0.001), suggesting that AI-POCUS examinations may play an important role in identifying potential
high-risk pregnancies and facilitating appropriate referral within primary health care settings.

Table 2
Impact of AI-POCUS Examination Findings on Referral Decisions (N = 108)
Variables Referred % Not referred % X P-value
(n) (n)

Gestational age at AI-POCUS examination
First trimester (< 14 0 0.00 3 100.00 5.644 0.059
weeks)
Second trimester (14-28 12 19.67 49 80.33
weeks)
Third trimester (> 28 2 4.55 42 95.45
weeks)
Abnormal AI-POCUS findings
Yes 12 100.00 O 0.00 90.643 <

) _I***
No 2 2.08 94 97.92 0.00
Total 14 12.96 94 87.04
Note: ™ P<0.001.

3.2 Multivariable Regression Analysis Results
3.2.1 Effect of AI-POCUS on ANC Visits

In the AI-POCUS group, 90 out of 108 women (83.33%) achieved the WHO-recommended threshold of at
least four ANC visits, whereas only 306 out of 598 women (51.17%) in the control group met this
standard. After adjusting for potential confounding variables, including maternal age, maternal
education, maternal and paternal occupation, gravidity, parity, gestational age, place of residence,
knowledge of last menstrual period, and pregnancy complications, the Firth logistic regression analysis
showed that receiving AI-POCUS examinations was significantly associated with achieving the WHO-
recommended number of ANC visits (= 4 visits). The adjusted odds ratio was 4.923 (95% Cl. 2.863—
8.465, P<0.001). This indicates that pregnant women who received AI-POCUS were approximately 4.92
times more likely to achieve adequate ANC visits compared with those who did not receive AI-POCUS
examinations.

3.2.2 Effect of AI-POCUS on Maternal and Neonatal
Outcomes
In the AI-POCUS group, maternal delivery complications occurred in 11 cases (10.19%), neonatal

complications occurred in 3 cases (2.83%), and neonatal deaths occurred in 2 cases (1.85%). In the
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control group, the corresponding outcomes were 45 cases (7.53%) of maternal delivery complications,
25 cases (4.20%) of neonatal complications, and 3 cases (0.50%) of neonatal deaths.

After adjusting for potential confounders using the Firth logistic regression model, including maternal
age, educational level, maternal and paternal occupation, gravidity, parity, gestational age, place of
residence, knowledge of last menstrual period, and pregnancy complications, no statistically significant
associations were found between AI-POCUS exposure and maternal delivery complications (a0OR=1.615,
95% CI- 0.759-3.439), neonatal complications (aOR=0.971, 95% CI. 0.289-3.261), or neonatal death
(aOR=0.898, 95% CI- 0.142-5.687), with all p values greater than 0.05.

These findings suggest that although AI-POCUS was associated with improved visits of ANC services, no
statistically significant effects on maternal or neonatal health outcomes were observed within the study
period (Table 3).

Table 3
Multivariable Logistic Regression Analysis of The Impact of AI-POCUS on Maternal And Neonatal
Outcomes
Outcomes Adjusted odds Standard Z- P-value 95% Cls
ratio (aOR) error value
Adequate ANC visits according 4.923 1.361 5.76 < [2.863,
to WHO standard (2 4/8 visits) 0.001™  8.465]
Maternal delivery complications 1.615 0.623 1.24 0.214 [0.759,
3.439]
Neonatal complications 0.971 0.600 -0.05 0.962 [0.289,
3.261]
Neonatal death 0.898 0.846 -0.11 0.909 [0.142,
5.687]
Note: *** P<(0.001.

4 Discussion

This study investigated the association between the AI-POCUS and ANC visits, high-risk pregnancy
identification, referral decision-making, and maternal and neonatal outcomes in a low-resource setting in
sub-Saharan Africa, represented by the Amhara region of Ethiopia. The findings suggest that AI-POCUS
contributes to strengthening ANC attendance and, to some extent, improving neonatal outcomes,
indicating its potential as an effective intervention for delivering high-quality antenatal services in
resource-constrained settings. Meanwhile, AI-POCUS service was found to be concentrated among
women with relatively higher socioeconomic status and empowerment, reflecting a potential
socioeconomic gradient and inequity in access to AI-POCUS. This finding is consistent with previous
studies highlighting the existence of a digital divide in digital health interventions among vulnerable
populations [23].
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Limited resources and insufficient accessibility of ANC services have long constrained the development
of maternal healthcare in sub-Saharan Africa, particularly in rural areas [24]. Evidence from China's
digital health assistance programs in Africa also indicates that inadequate primary healthcare capacity
represents a critical bottleneck in improving population health outcomes [25]. The urban-rural disparity in
Al-POCUS access identified in this study further supports this observation. Urban pregnant women were
significantly more likely to access AI-POCUS, which aligns with existing evidence on disparities in
healthcare resource distribution and health literacy across regions [26—28], suggesting that rural areas
face more substantial structural barriers in scaling up ANC services. In this study, women engaged in
paid employment demonstrated higher acceptance of AI-POCUS, supporting the notion that economic
independence promotes proactive health behaviors during pregnancy and greater willingness to adopt
digital health interventions. This may be attributed to higher levels of health education, improved access
to health information, and greater decision-making autonomy within the household [26, 29-31]. These
findings are also consistent with previous studies on ANC compliance among migrant populations in
China [32].

Interestingly, the study found that pregnant women whose husbands had lower educational attainment
were more likely to access AlI-POCUS. This may indicate that in contexts where household health literacy
is limited, women rely more heavily on community-level support and empowerment mechanisms,
including trust networks and mobilization by primary healthcare workers, thereby increasing their
exposure to ANC services and new technologies [33]. This phenomenon may also be linked to the
observed higher uptake among women engaged in paid employment, highlighting the role of community
belonging and participation in household decision-making in facilitating intervention adoption in low-
resource settings [34, 35]. Additionally, women of advanced maternal age showed lower acceptance of
digital technologies, reflecting age-related differences in adaptability to digital health interventions. This
suggests that increasing age may reduce digital literacy and confidence in technology use, thereby
affecting the effectiveness of intervention implementation [36, 37].

Referral analysis indicated that AI-POCUS effectively identifies pregnancy-related abnormalities and
facilitates necessary referrals. Its impact was particularly pronounced during the second trimester, a
critical period for fetal anomaly screening and a key focus of training and quality control within primary
healthcare systems [38, 39]. This trend may also be influenced by stronger healthcare-seeking
motivation among women of higher gestational age [40]. The introduction of AI-POCUS has the potential
to serve as a powerful tool for improving referral systems and ANC services, consistent with findings
from previous studies on handheld ultrasound devices [41, 42].

Regression analysis further demonstrated that the use of AI-POCUS was significantly associated with
achieving the WHO-recommended minimum of four ANC visits, indicating its potential to improve ANC
adherence. Prior to the implementation of this intervention, although some healthcare facilities were
equipped with conventional ultrasound devices through international aid, the lack of professional training
and technical support limited their effective use, particularly among rural women. This resulted in low
ANC adherence and suboptimal referral rates [43]. AI-POCUS, characterized by its portability,
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affordability, and ease of use, can reduce the workload of primary healthcare providers, enhance patient
trust and engagement, and improve the quality of antenatal follow-up and high-risk identification,
ultimately contributing to long-term improvements in maternal and neonatal health outcomes [44].

However, this study did not find significant associations between AI-POCUS exposure and direct clinical
outcomes, including maternal complications, neonatal mortality, and neonatal complications. This may
be partly due to the relatively low incidence of adverse events in the study population. It also suggests
that digital health interventions centered on handheld ultrasound may not produce immediate
improvements in delivery-related endpoints in the short term. Instead, their primary value lies in
enhancing high-risk identification, follow-up management, and long-term health benefits.

Overall, AI-POCUS appears to effectively increase ANC visits and optimize referral pathways in low-
resource settings. Its uptake is influenced by sociodemographic factors, indicating that policymakers
should carefully consider local cultural and socioeconomic contexts when promoting this technology. In
resource-limited rural areas, integrating antenatal ultrasound services with existing primary healthcare
interventions may generate synergistic effects and improve overall system efficiency [45], highlighting
the adaptability and practical value of AI-POCUS in strengthening ANC services [46].

5 Conclusion

This study, based on field data from a conflict-affected region in Ethiopia, systematically evaluated the
effectiveness of AI-POCUS in low-resource settings. The results indicate that this technology can
improve ANC adherence and strengthen the capacity of primary healthcare providers in high-risk
identification and referral. Sociodemographic disparities significantly influence access to AI-POCUS,
suggesting that policymakers should account for local healthcare resources and socioeconomic
conditions when scaling up such interventions. Most importantly, this study provides empirical evidence
to support the global expansion of similar artificial intelligence-driven medical technologies. It highlights
that, in the process of international deployment, the provision of hardware alone is insufficient to ensure
intervention effectiveness. Comprehensive systems for training, maintenance, and technical support are
essential to achieve sustainable implementation and long-term impact.
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