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Background: Effective decision-making systems are essential in maternal nursing and maternity care, particularly in situations
requiring timely risk assessment, early complication detection, referral, and coordinated clinical action. Integrated digital systems,
including electronic records, clinical decision support systems, mHealth applications, digital triage tools, and risk calculators, may
support evidence-informed decision-making and improve care processes.

Objective: To map evidence on the implementation, outcomes, and barriers of integrated digital decision-making systems in maternal
nursing and broader maternity care services.

Methods: A scoping review was conducted following the Arksey and O’Malley framework, enhanced by Levac et al, and reported
according to PRISMA-ScR. Searches were conducted in PubMed, Scopus, and CINAHL for original research articles published in
English or Indonesian between 2011 and 2025. Eligible studies focused on digital or integrated decision-making systems used in
maternal nursing or maternity care. Data were extracted using a standardized charting form and synthesized using descriptive
qualitative thematic analysis.

Results: Twelve studies met the inclusion criteria. Four themes were identified: impact on protocol adherence and workflow, clinical
outcomes and predictive accuracy, patient-centered and psychosocial outcomes, and implementation barriers and sustainability. Several
systems were associated with improved protocol adherence, history-taking completeness, triage timeliness, staff confidence, complica-
tion detection, patient knowledge, and satisfaction. However, clinical outcomes were mixed. Some tools showed high predictive
accuracy or improved detection of complications, but effects on neonatal mortality, unnecessary admissions, transfers, and clinical
management were inconsistent. Implementation barriers included limited infrastructure, poor connectivity, software inflexibility, dual
documentation, workload burden, low digital literacy, and sustainability challenges.

Conclusion: Integrated digital decision-making systems may support maternal nursing and maternity care by improving care
processes and patient-centered outcomes. However, their effects on hard clinical outcomes remain uncertain and depend on
infrastructure, workforce readiness, workflow integration, interoperability, and sustained implementation support.

Keywords: clinical decision support system, digital health, electronic health records, maternity care, maternal nursing

Introduction

Maternal nursing has a central role in ensuring the safety of mothers and babies during pregnancy, childbirth, and
postpartum.’ Nurses have primary responsibility for monitoring patient conditions, detecting complications early, and
coordinating with other healthcare professionals to ensure timely interventions and adherence to standards of care.” The
complexity of maternal health conditions, shaped by physiological, psychological, and environmental factors, creates
demanding decision-making situations with significant consequences for maternal and neonatal outcomes.”
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Decision-making in maternal nursing is a complex process because it involves various clinical, managerial, and
ethical aspects that must be considered simultaneously.* Physiological factors of the mother and fetus, such as health
status, pregnancy history, and potential obstetric complications, are key elements in the decision-making process.
Furthermore, nurses’ decisions are influenced by hospital policies, evidence-based practice guidelines, and the avail-
ability of resources, including healthcare personnel and medical facilities.” The dynamic and often stressful work
environment in maternal care units adds to the challenges of decision-making, particularly in emergency situations
such as eclampsia, postpartum hemorrhage, or fetal distress. Nurses are required to act quickly in situations that do not
always allow sufficient time for in-depth analysis, increasing the risk of clinical errors. Furthermore, the need to
coordinate with physicians, midwives, and other healthcare professionals to provide comprehensive care further
complicates the decision-making process.®

Technological advances in healthcare have brought significant changes to clinical decision-making processes,
including in maternal and maternity care. Various digital innovations, such as electronic medical records, electronic
health records, clinical decision support systems, mobile health applications, and artificial intelligence-based tools, have
increasingly been adopted to improve the efficiency, accuracy, and continuity of service delivery.” In this context, an
Electronic Medical Record (EMR) refers to a digital record of patient information used within a single healthcare
institution, whereas an Electronic Health Record (EHR) generally refers to a broader electronic health information
system that may support data sharing across healthcare providers or services. EHR allows nurses to access patient data in
real time, including medical history, laboratory results, and obstetric records, making it easier to identify risks and plan
interventions.® A Clinical Decision Support System (CDSS) refers to a system that provides guideline-based recommen-
dations, reminders, alerts, or risk assessments to support clinical decisions. CDSS can assist maternal nurses and
maternity care teams by providing early warnings for maternal complications, such as gestational hypertension or fetal
growth restriction.” Meanwhile, mobile health (mHealth) refers to mobile applications or phone-based services that
support health assessment, communication, monitoring, education, or decision-making. These technologies have increas-
ingly been used to standardize practice and reduce variation in clinical decisions.

In this review, an integrated decision-making system refers to a technology-enabled system that combines patient
data, clinical guidelines, alerts, risk assessment, and communication support to assist nurses and maternity care teams in
making timely and evidence-informed decisions. This concept differs from general digital health tools because it
emphasizes the integration of data, decision support, and clinical workflow rather than the use of a single standalone
application.'® Therefore, the focus of this review is maternal nursing within broader maternity care systems. This
clarification is important because decision-making in maternal care often involves not only nurses, but also midwives,
physicians, community health workers, and other members of maternity care teams.'' Integrated systems may therefore
support maternal nursing roles while also strengthening interprofessional coordination, documentation, referral, and
team-based clinical decision-making.'?

The lack of uniformity in standards and protocols in maternal nursing care presents a serious challenge to improving
quality and patient safety. Variations in clinical policies and operational procedures between hospitals, or even within the
same institution, often lead to inconsistencies in nursing practice.'® These differences can be seen in various aspects, such
as maternal and fetal monitoring procedures, management of obstetric complications, and the use of clinical decision-
making tools. Such inconsistencies can result in delayed intervention, inappropriate case management, and an increased
risk of maternal and neonatal morbidity and mortality.'* In addition, the lack of uniform standards also makes
coordination between health professionals difficult, especially when nurses must collaborate with doctors, midwives,
and other medical personnel in emergency situations.'

An integrated decision-making system in maternal nursing services is a technology-based innovation designed to
support efficiency, accuracy, communication, and safety in clinical decision-making. This system enables real-time
access to patient data, allowing nurses and other healthcare professionals to obtain comprehensive information to
determine appropriate interventions.'® Its key components may include EMR or EHR, CDSS, mHealth applications,
risk calculators, digital triage systems, automated reminders, and, in some contexts, artificial intelligence-based analytic
functions. The integration of these components may support early detection of maternal complications, such as
preeclampsia or postpartum infections, and assist in risk management by providing automated alerts regarding patient
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conditions.!” In addition, this system can support communication and coordination between health professionals,
including doctors, midwives, nurses, and other medical personnel, so that decision-making may be carried out more
quickly and accurately.'® Such integrated systems may help reduce practice variation and strengthen interprofessional
collaboration when they are effectively embedded into clinical workflows.

Previous reviews have examined digital maternal health, electronic records, telehealth, mobile health, or decision-
support tools in broader obstetric, public health, and health informatics contexts. However, limited synthesis has
specifically mapped how integrated decision-making systems support maternal nursing roles, interprofessional coordina-
tion, workflow, patient-centered outcomes, and implementation barriers in maternal nursing and broader maternity care
settings. This gap is important because the effectiveness of digital systems in maternal care is not determined only by the
availability of technology, but also by how these systems are integrated into nursing documentation, clinical reasoning,
communication, team-based decision-making, and existing hospital infrastructure.

Although technology-based decision-making systems have been widely implemented in various health fields, research
specifically exploring their application in maternal nursing remains limited. Several studies have shown that these
technologies may improve the efficiency and accuracy of decision-making, but there has been no comprehensive review
summarizing scientific evidence regarding their implementation, characteristics, impacts, and barriers in maternal nursing
and maternity care contexts. A preliminary search indicates that very few reviews focus specifically on maternal nursing
compared with broader obstetric or health informatics decision-making studies, highlighting a clear gap in the literature.
Therefore, this study used a scoping review method to address the following question: What is known about integrated
digital decision-making systems within maternal nursing and broader maternity care services? The objective of this
review was to map the existing evidence, identify system characteristics, and analyze the challenges and impacts related
to the integration of decision-making systems in maternal nursing and maternity care.

Method

Study Design

This study used a scoping review design to map the available evidence on integrated digital decision-making systems
in maternal nursing and broader maternity care services. A scoping review was considered appropriate because the
purpose of this study was not to estimate pooled intervention effectiveness, but to identify the types of systems used,
their key characteristics, reported outcomes, implementation barriers, and gaps in the existing literature. The review
was guided by the methodological framework proposed by Arksey and O’Malley and further developed by Levac
et al'>?® The reporting of this review followed the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses extension for Scoping Reviews (PRISMA-ScR). No formal review protocol was registered (Supplementary
File 1).

Search Strategy
A comprehensive literature search was conducted in three electronic databases: PubMed, Scopus, and CINAHL. These
databases were selected because they provide broad coverage of nursing, maternity care, health informatics, digital
health, and clinical decision-support literature. The search included original research articles published between 2011 and
2025, representing the last 15 years of evidence relevant to digital and integrated decision-making systems in maternal
nursing and maternity care.

The search strategy combined controlled vocabulary, database-specific subject headings, and free-text keywords
related to decision-support systems, digital health technologies, maternal nursing, and maternity care. Boolean operators
were used to combine the search terms. The main search terms included: “clinical decision support,” “decision support
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system,” “integrated decision-making system,

EEINTS

electronic medical record,” “electronic health record,” “mHealth,”
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“digital health,” “maternal nursing, obstetric care,” “antenatal care,
and “health facility.”

An example of the search string used was:

maternity care, perinatal care,” “hospital,”
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(“clinical decision support” OR “decision support system” OR “integrated decision-making system” OR “electronic
medical record” OR “electronic health record” OR “mHealth” OR “digital health”) AND (“maternal nursing” OR
“maternity care” OR “obstetric care” OR “antenatal care” OR “perinatal care”) AND (“hospital” OR “health facility”).

The search strategy was adapted according to the syntax and indexing system of each database. All retrieved records
were exported to reference management software for organization and duplicate removal.

Eligibility Criteria
The eligibility criteria were guided by the Population/Participants, Concept, and Context (PCC) framework, which is
appropriate for scoping reviews because it allows broader mapping of evidence without requiring a comparator group.

The Population/Participants included nurses, midwives, maternal healthcare workers, community health workers, or
multidisciplinary maternity care teams involved in maternal decision-making. The Concept was integrated digital
decision-making systems, including clinical decision support systems, electronic medical records, electronic health
records, mHealth decision aids, digital triage systems, risk calculators, automated reminders, or other technology-
enabled tools designed to support clinical decisions. The Context included maternal nursing and maternity care services,
including antenatal, intrapartum, postpartum, obstetric emergency, hospital-based, and health-facility-based maternal care
settings.

Studies were included if they met the following criteria: original research articles; published in English or Indonesian;
published between 2011 and 202S5; available in full text; and focused on technology-based or integrated decision-making
systems used in maternal nursing or maternity care. Studies were excluded if they were review articles, editorials,
opinion papers, conference abstracts without full text, grey literature, or studies that did not explicitly address digital or
integrated decision-making systems in maternal nursing or maternity care.

Although the main focus of this review was maternal nursing in hospital-based or health-facility-based care, studies
conducted in primary-level maternal health facilities or community-linked maternity care were included when the
intervention directly supported maternal decision-making, referral, risk assessment, clinical workflow, or coordination
with maternity care teams. This decision was made because maternal nursing decision-making often occurs within
broader maternity care systems that involve multiple professionals and levels of care.

Study Selection
The study selection process was conducted in several stages. First, all retrieved records were imported into reference
management software, and duplicates were removed. Second, two reviewers independently screened titles and abstracts
based on the eligibility criteria. Before formal screening, the reviewers piloted the eligibility criteria on a sample of retrieved
records to ensure consistent interpretation. Disagreements were discussed, and the criteria were refined before full screening.
Third, potentially eligible articles were retrieved and assessed in full text by two reviewers independently. Any disagree-
ments during title-abstract screening or full-text assessment were resolved through discussion. If consensus could not be
reached, a third reviewer was consulted. The study selection process was documented using a PRISMA flow diagram.”'

Data Extraction

Data extraction was conducted using a standardized data-charting form developed in Microsoft Excel. The form was
piloted on several included studies before full extraction to ensure that all relevant information could be captured
consistently. Two reviewers independently extracted the data, and the extracted information was compared for accuracy
and completeness. Any discrepancies were resolved through discussion, and unresolved disagreements were reviewed by
a third reviewer.

The extracted data included author and year of publication, country, study setting, study design, sample size,
population or participants, type of digital decision-making system, system components, intervention characteristics,
outcome category, key findings, and reported barriers or facilitators to implementation. Outcome categories included
process-related outcomes, clinical outcomes, patient-centered outcomes, workforce-related outcomes, and implementa-
tion outcomes.
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Critical Appraisal

Consistent with the purpose of a scoping review, no formal methodological quality appraisal or risk-of-bias assessment
was conducted. The aim of this review was to map the extent, characteristics, and nature of the available evidence rather
than to determine intervention effectiveness or exclude studies based on methodological quality. However, the metho-
dological characteristics of the included studies, including study design, setting, sample, intervention type, and reported
outcomes, were charted and described to support interpretation of the findings.

Data Analysis and Synthesis

Data were analyzed using a descriptive qualitative thematic synthesis. Thematic synthesis was conducted using an
inductive approach. Two reviewers independently read the extracted data several times to become familiar with the
content, generated initial codes, compared coding decisions, and grouped similar codes into descriptive themes. The
themes were then refined through discussion among the review team to ensure that they were grounded in the extracted
findings.

The synthesis focused on identifying patterns across studies regarding the types of decision-making systems used,
their reported effects, implementation barriers, and implications for maternal nursing and maternity care. Quantitative
findings, such as statistical significance, effect estimates, or reported changes in outcomes, were summarized descrip-
tively because the included studies were heterogeneous in design, intervention type, population, and outcome measure-
ment. No meta-analysis was conducted.

Four main themes were developed from the synthesis: (1) impact of digital tools on protocol adherence and workflow,
(2) clinical outcomes versus predictive accuracy, (3) patient-centered and psychosocial outcomes, and (4) barriers to
sustainable implementation. These themes were used to organize the results and align the synthesis with the objectives of
the review.

Results

Selection of Sources of Evidence

The database search yielded 684 records. After removing 80 duplicates, 604 records were screened by title and abstract.
Of these, 542 records were excluded because they did not meet the eligibility criteria. Sixty-two reports were sought for
retrieval. After further screening, 45 reports were excluded based on title and abstract relevance, leaving 17 reports for
full-text assessment. Five full-text reports were excluded, and 12 studies were included in the final synthesis (Figure 1).

Characteristics of Included Studies

The 12 included studies originated from diverse geographical settings: Ghana (n = 5),>*?® the United Kingdom (n =
2),2728 Australia (n = 1),%° India (n = 1),°° Burkina Faso (n = 1),'” South Africa (n = 1), and a multi-country study
involving Ghana and Tanzania (n = 1).” A significant proportion of the evidence (6 out of 12 studies) involved health
systems in Ghana, which provides a strong regional focus but may limit the direct transferability of some findings to
significantly different healthcare infrastructures (Table 1).

Study Designs and Settings
The study designs were standardized into five categories for consistency:

Cluster Randomized Controlled Trials (¢cRCT) (n = 4): These evaluated system-wide impacts on neonatal mortality,>

h,27’28

prediction of preterm birt and high-risk pregnancy screening.*’

Pre-post Intervention Studies (n = 3): These assessed compliance with protocols,*! workflow efficiency,’” and the cost-

effectiveness of complication detection.

Quasi-experimental Studies (n = 2): These compared intervention and control groups regarding service quality'’ and
client satisfaction.**

Qualitative Studies (n = 2): These explored patterns of use and professional perspectives on performance.*>*
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Figure | PRISMA Flow Diagram.?'

Quality Improvement Studies (n = 1): This audited the implementation and adoption of triage tools in clinical
practice.’

The study settings varied across primary health facilities, rural health centers, antenatal care clinics, Community-
based Health Planning and Services (CHPS) compounds, hospital maternity units, maternity assessment units, emergency
departments, and community-linked maternal care services. This diversity of settings reflects the broad range of maternal
care environments in which digital decision-support systems have been implemented.

Target Populations and Decision-Making Scope
While the focus of this review is on maternal nursing, the included evidence reflects a broader maternal care decision-

making context. While several studies focused specifically on the performance and compliance of nurses and

25,26,29,31

midwives, others involved community health workers (CHWs)—such as ASHAs in India—and auxiliary staff

who play critical roles in frontline maternal care.”*° Additionally, some studies evaluated impacts from the perspective of

1727 or utilized large-scale institutional data from entire maternity teams.>*® Thus, the

pregnant and postpartum women
evidence represents a multi-disciplinary effort in maternal health decision-making rather than being exclusively nursing-

specific.
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Synthesis of Results

The synthesis of results from the 12 included studies is organized into four main themes: impact on protocol adherence
and workflow, clinical outcomes and predictive accuracy, patient-centered and psychosocial outcomes, and implementa-
tion barriers and sustainability.

Impact on Protocol Adherence and Workflow

The implementation of computerized clinical decision support systems (CDSS) consistently demonstrated improvements
in health-worker adherence to clinical protocols, although the impact on service duration and workload was varied. In
South Africa, the Bacis Program improved overall compliance with maternity care protocols from 85.1% to 89.3%, with
notable improvement in the “booking” or first-visit category (p = 0.016) and care for patients under 18 years of age (p =
0.0023).>"' Similarly, in Ghana, the use of the QUALMAT eCDSS led to a substantial increase in medical history taking,
rising from 58.2% to 95.3% (p < 0.001).” Digital tools also supported standardized care; in Burkina Faso, the use of
a digital job aid reduced variation in health history assessment scores across different health cadres.'’

Regarding workflow, the Obstetric Triage Decision Aid (OTDA) in Australia improved timeliness, with the proportion of
women seen within 15 minutes of arrival in the Maternity Assessment Unit (MAU) increasing from 42.0% to 78.0%.%° While
there were initial concerns that technology might lengthen consultation times, studies in Ghana and Tanzania found no
significant increase in total contact time for antenatal care (ANC) visits attributable to the eCDSS: 0.51 minutes in Ghana (p =
0.06) and 0.54 minutes in Tanzania (p = 0.26).” However, a quasi-experimental study in Burkina Faso reported significantly
longer median visit times in the intervention group, at 24 minutes, compared with 12 minutes in the comparison group.'’
A recurring workflow challenge across multiple settings was the “dual entry” burden, where providers had to complete both
the electronic system and mandatory paper registers, thereby increasing perceived workload.*>°

Clinical Outcomes and Predictive Accuracy
Digital interventions demonstrated high levels of accuracy in risk assessment and improved the detection of clinical
complications. The QUIPP app v.2 was externally validated as a highly accurate tool for predicting preterm birth within
seven days, achieving an area under the curve (AUC) of 0.90 (95% CI: 0.85-0.95).%% In rural India, the SMARThealth
Pregnancy intervention showed preliminary effectiveness in improving maternal health markers, with a significant
increase in mean hemoglobin levels in the intervention group compared with the control group (p = 0.01).*°

In terms of clinical detection, the QUALMAT CDSS in Ghana significantly increased the identification of pregnancy
complications during ANC from 9 to 12 per 1,000 visits (p = 0.010).%° Despite these improvements in detection and
accuracy, the impact on broader clinical outcomes was limited. A large trial in Ghana found no significant reduction in
neonatal mortality; the adjusted odds of death were 2.09 times higher in the intervention arm, with borderline statistical
significance (p = 0.051), likely influenced by data confounding and patient flow issues.?> Similarly, the use of the QUiPP
app in the UK did not significantly reduce unnecessary clinical management, defined as the sum of unnecessary
admissions and transfers, compared with standard practice: 11.3% versus 11.5% (p = 0.883).%%

Patient-Centered and Psychosocial Outcomes

Digital health interventions positively influenced patient knowledge, satisfaction, and the professional confidence of
health workers. In Burkina Faso, women in the intervention group achieved significantly higher scores in knowledge of
counseling, with an increase of 16.4 points, and overall satisfaction, with an increase of 16.18 points (p < 0.001)."7 In
Ghana, the combination of CDSS and performance-based incentives (PBI) significantly improved antenatal client
satisfaction regarding provider interaction (p = 0.001) and provider availability (p = 0.001).**

Psychosocially, the process of clinical assessment, with or without the app, was found to significantly reduce maternal
anxiety (p < 0.05).?” From the provider perspective, the implementation of the OTDA in Australia led to a significant
increase in staff confidence (p = 0.002) and competence (p = 0.004) to conduct obstetric triage.”’ Community health
workers in India also reported improved self-efficacy and enhanced professional recognition within their villages through
the use of the mHealth platform.°
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Implementation Barriers and Sustainability

Barriers to successful implementation included technical, infrastructural, and human factors. Infrastructural issues, such
as power fluctuations and limited battery life, were major constraints in rural Ghana.>>?® Technical barriers included
software inflexibility, such as rigid algorithms for malaria treatment and faulty electronic partographs that triggered
unnecessary referrals.”> Furthermore, poor mobile network quality forced health workers in some areas to travel to
specific locations to access USSD protocols.??

Human factors included low computer literacy among senior staff’! and a pattern in which USSD usage declined
because providers quickly converted the digital protocols into tacit knowledge or “mindlines”.?? From a sustainability
standpoint, the QUALMAT CDSS was found to be a cost-effective option in Ghana, with an incremental cost-
effectiveness ratio (ICER) of US$1,142 per complication detected, which was below the national GDP per capita.?
Successful sustainability was linked to executive leadership support, the presence of clinical champions, and a dedicated
project management team.>

Discussion

This scoping review mapped the evidence regarding integrated decision-making systems in maternal nursing services
across diverse global settings. The review identified 12 studies employing various digital or technology-enabled
interventions, including clinical decision support systems, mHealth applications, digital job aids, obstetric triage decision
aids, risk prediction tools, and electronic clinical information systems. The findings indicate a complex landscape in
which several digital tools were associated with improvements in process measures, such as adherence to clinical
protocols, history taking, and patient satisfaction, but yield mixed results regarding hard clinical outcomes like mortality
reduction. Furthermore, the effectiveness of these systems is heavily contingent upon infrastructural readiness and
workforce adaptability.

The findings suggest that integrated digital decision-making systems were more consistently associated with improve-
ments in process-related and patient-centered outcomes than with hard clinical outcomes. Improvements were reported in
protocol adherence, history-taking completeness, timeliness of triage, staff confidence, patient satisfaction, and maternal
knowledge.>* However, evidence regarding neonatal mortality, unnecessary admissions, transfers, and other clinical
endpoints remained inconsistent.>® This distinction is important because it indicates that digital decision-support systems
may strengthen how care is delivered, but they do not automatically improve clinical outcomes without adequate
infrastructure, workforce readiness, and downstream clinical resources.

Within the Donabedian framework, structural deficiencies are identified as the primary drivers of intervention failure
in low-resource settings. While recent studies demonstrated the feasibility of digital tools in specific contexts, other
evidence reported declining usage of mHealth interventions over time due to logistical barriers such as shared phone
ownership and network instability.** This aligns with broader health informatics literature suggesting that technocentr-
ism, or focusing on the tool rather than the socio-technical environment, often leads to implementation failure.*> Unlike
in high-income settings where infrastructure is robust, the success of decision-making systems in developing regions is
less determined by the accuracy of the algorithms and more by basic structural factors such as power stability and
hardware availability.*®

Beyond physical infrastructure, the economic sustainability of these interventions remains a critical structural
consideration. While some evidence suggested that computer-based decision support systems could reduce the average
cost per detected complication, this finding was an outlier in the broader review.**’” Most included studies did not
explicitly analyze the long-term maintenance costs of digital systems, such as software updates, server maintenance, and
continuous staff training. In low-resource settings, the initial funding for pilot projects often covers these costs, but
sustainability becomes fragile once external funding ceases.®*® Therefore, the long-term viability of integrated decision-
making systems may be strengthened when digital health initiatives are supported by sustainable financing mechanisms,
including maintenance costs, software updates, staff training, and infrastructure support.'®*’

Furthermore, the integration of digital decision-making systems fundamentally alters the dynamics of interprofes-
sional collaboration within maternity wards. Traditionally, decision-making relies on verbal communication between
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midwives, nurses, and obstetricians.'® The shift to screen-based systems creates a centralized repository of information
that can enhance coordination by ensuring all team members view the same real-time data. However, reliance on these
systems can also inadvertently create communication silos, where clinicians prioritize data entry and screen interaction
over face-to-face clinical discussions.*® Effective implementation therefore requires protocols that ensure digital tools
support, rather than replace, the critical verbal handover and collaborative problem-solving required in complex obstetric
emergencies.*

Regarding process indicators, several included studies reported improvements in adherence to evidence-based guide-
lines, completeness of assessment, and documentation following the introduction of decision-support systems or
electronic records. Prompts and mandatory fields in digital systems forced more comprehensive history taking and
protocol compliance. However, this thoroughness often came at the cost of workflow efficiency.*! The effects on
workflow efficiency were mixed. Some tools improved timeliness, whereas other interventions were associated with
longer visit duration or additional documentation burden. This mirrors findings in emergency nursing literature, where
computerized provider order entry systems are often associated with increased time-on-task despite reducing error
rates.*> This creates a tension for maternal nurses who must balance the need for comprehensive, algorithm-driven
assessment with the urgency required in obstetric emergencies like postpartum hemorrhage.*

From a nursing informatics perspective, these systems have implications beyond the introduction of digital technol-
ogy itself. They may influence nursing documentation, clinical reasoning, risk recognition, prioritization of care,
communication with other professionals, and continuity of maternal care.** However, these benefits depend on whether
digital systems are designed around nursing workflows and whether nurses are adequately supported to interpret system-
generated alerts and recommendations.*> Therefore, integrated decision-making systems should be understood as socio-
technical interventions that combine digital infrastructure, clinical knowledge, professional judgment, and interprofes-
sional communication.

The findings also suggest that digital decision-support systems may influence nurses’ clinical reasoning and
confidence. For example, structured triage tools were associated with increased staff confidence and competence,
while some predictive tools showed high accuracy without clearly changing clinical management. Although automation
bias and algorithm aversion were not directly examined in the included studies, they may be relevant conceptual
considerations when implementing decision-support systems in high-stakes maternal care. Digital tools should therefore
be designed to support, rather than replace, nurses’ clinical judgment and interprofessional discussion.*®

Another critical dimension often overlooked is the disparity in digital literacy among the nursing workforces. The
successful adoption of integrated decision-making systems presupposes that the end-users possess adequate technological
skills.*” However, a generational divide often exists where younger nurses may be digitally native but lack clinical
experience, while senior nurses possess deep clinical intuition but may struggle with complex user interfaces. This gap
can lead to resistance or misuse of the system, reducing the validity of the data entered. Consequently, implementation
strategies must move beyond generic training sessions to provide targeted mentorship that bridges the gap between
clinical expertise and digital competency, ensuring that the technology empowers rather than alienates the workforce.?

A critical finding of this review is the disconnect between the predictive accuracy of tools and actual clinical
improvements. Some studies found that although predictive apps were highly accurate in forecasting preterm birth,
they did not reduce unnecessary hospitalizations or medical interventions compared to standard care.'**® Similarly,
large-scale trials in Ghana found no reduction in neonatal mortality despite the availability of decision support. This
suggests that decision aids alone are insufficient to change outcomes if the downstream resources, such as medicines and
surgical capacity, or the clinical judgment to act on the advice are lacking.

The predominance of studies from Ghana suggests that the current evidence base is strongly shaped by low-resource
maternal health system contexts. While this provides valuable insight into infrastructure and workforce barriers, caution
is needed when transferring the findings to high-income settings or to hospital systems with different staffing models,
digital infrastructure, and clinical governance structures.*” Conversely, the findings may be particularly relevant for other
low- and middle-income settings where maternal health services face similar challenges related to power supply, internet
connectivity, workforce shortages, and parallel paper-based documentation.”
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Interoperability and integration with existing health information systems also emerged as important considerations.
Integrated decision-making systems are unlikely to function optimally when EMR, EHR, CDSS, mHealth applications,
and paper-based registers operate as separate or poorly connected systems.”' Fragmented data systems may increase
documentation burden, contribute to double data entry, and reduce the usability of decision-support tools in time-
sensitive maternity care.”? Future implementation should therefore consider platform compatibility, data standards,
alert governance, user-centered interface design, and integration with existing clinical workflows to prevent digital
tools from becoming an additional workload for nurses and maternity care teams.

In contrast, patient-centered outcomes were more consistently favorable, particularly in relation to satisfaction,
knowledge, anxiety reduction, and perceived quality of communication. These findings suggest that digital tools may
have value in supporting communication and counseling, even when effects on clinical endpoints remain uncertain. The
findings also have relevance for maternal health systems in low- and middle-income countries, including Indonesia,
where rapid and coordinated responses are essential in obstetric emergencies. In Indonesia, the Comprehensive
Emergency Obstetric and Neonatal Care or Pelayanan Obstetri Neonatal Emergensi Komprehensif (PONEK) system
illustrates the importance of multidisciplinary coordination in emergency maternal and neonatal care. However, this
context should be viewed as one example of transferability rather than the primary focus of the review. Across settings,
integrated digital decision-support systems may support timely access to patient data, referral decisions, documentation,
and team communication when they are appropriately embedded into existing maternity care workflows.>*->*

Although Al was discussed in the broader background as part of the evolving landscape of decision-support systems,
the included studies primarily evaluated EMR/EHR, CDSS, mHealth interventions, digital triage tools, job aids, and risk
calculators rather than fully Al-driven systems. Therefore, the findings of this review should not be interpreted as direct
evidence of the effectiveness of artificial intelligence in maternal nursing decision-making.

Integrated decision-making systems in maternal nursing may offer a promising approach for supporting adherence to
clinical protocols and improving patient-centered outcomes. However, their impact on hard clinical outcomes remains
inconsistent and is heavily mediated by the socio-technical environment. For health service managers and policymakers,
the findings suggest that investing in digital tools alone may be insufficient without attention to infrastructure, workflow,
and workforce readiness. The findings suggest that implementation may be strengthened by simultaneous attention to
structural elements, such as reliable power and internet connectivity, and workflow redesign to reduce the documentation
and time burden on nurses. Future research should focus on implementation science to understand how to sustain these
interventions in resource-limited settings beyond the pilot phase.

Limitations

This review has several limitations. First, no formal methodological quality appraisal or risk-of-bias assessment was
conducted. This approach is consistent with the purpose of a scoping review, which aims to map the extent and nature of
available evidence rather than determine pooled intervention effectiveness. However, the absence of formal critical
appraisal limits the ability to judge the methodological robustness of individual studies and should be considered when
interpreting the strength of the evidence. Second, the included studies were heterogeneous in terms of design, setting,
population, intervention type, system components, and outcome measures. The inclusion of cluster randomized trials,
quasi-experimental studies, pre-post studies, qualitative studies, and quality improvement studies limited the ability to
perform meta-analysis or draw causal conclusions regarding effectiveness.

Third, the included studies were not evenly distributed across countries. Several studies were conducted in Ghana,
and one additional multi-country study also involved Ghana. This concentration may limit the transferability of the
findings to health systems with different digital infrastructure, clinical governance, workforce composition, and maternal
care delivery models. Fourth, although this review focused on maternal nursing, not all included studies were exclusively
nursing-specific. Some studies involved midwives, community health workers, physicians, managers, supervisors,
pregnant women, postpartum women, or broader maternity care teams. Therefore, the findings should be interpreted as
evidence related to maternal nursing within broader maternity care systems rather than maternal nursing practice alone.

Fifth, not all interventions represented fully integrated hospital decision-making systems. Some were mHealth
interventions, digital job aids, risk calculators, triage tools, or systems implemented in primary health facilities and
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community-linked maternal care settings. This may limit the specificity of conclusions regarding hospital-based inte-
grated decision-making systems. Sixth, only a small number of studies reported long-term outcomes, sustainability
indicators, implementation costs, or cost-effectiveness. As a result, this review provides limited evidence on whether
these systems remain effective, acceptable, and financially sustainable beyond the initial implementation or pilot phase.
Finally, the search was limited to three electronic databases and to articles published in English or Indonesian. Relevant
studies published in other languages, indexed in other databases, or available as grey literature may therefore have been
missed.

Conclusion

This scoping review mapped evidence from 12 studies on integrated digital decision-making systems in maternal nursing
and broader maternity care services. The findings suggest that electronic medical records, electronic health records,
clinical decision support systems, mHealth interventions, digital triage tools, and risk calculators may improve process-
related outcomes, including protocol adherence, completeness of history-taking, timeliness of triage, staff confidence,
complication detection, and patient satisfaction. However, the effects on clinical outcomes, such as neonatal mortality,
unnecessary hospitalization, transfer, and intervention rates, remain inconsistent.

The implementation of these systems appears to be influenced by infrastructure, workflow integration, workforce
readiness, digital literacy, interoperability, and sustainability. Patient-centered outcomes, including satisfaction, maternal
knowledge, anxiety reduction, and perceived quality of care, were generally more favorable than hard clinical outcomes.
Future research should further examine long-term effectiveness, cost-effectiveness, nursing-specific outcomes, and
implementation strategies across diverse maternal healthcare settings.
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