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1. Abstract

Background:

Medication errors in obstetrics constitute a pervasive and critical threat to patient safety, contributing
substantially to preventable maternal and neonatal morbidity and mortality globally. The unique
physiological adaptations of pregnancy—including altered pharmacokinetics, hemodynamics, and renal
function—combined with the high-acuity, unpredictable nature of the labor and delivery environment,
create a clinical landscape exceptionally vulnerable to adverse drug events (ADEs). The prevailing standard
of care (Intervention 2), characterized by manual prescribing, paper-based medication administration
records (MARs), and reliance on verbal coordination among the interdisciplinary team, has historically
been the backbone of obstetric practice. However, this conventional approach is fraught with systemic
limitations, including illegibility of handwriting, transcription errors, lack of integrated decision support,
and communication failures between the triad of care providers: pharmacists, nurses, and midwives. Health
informatics (Intervention 1)—specifically the integration of Computerized Provider Order Entry (CPOE),
Barcode Medication Administration (BCMA), and Clinical Decision Support Systems (CDSS)—has
emerged as a transformative alternative. These technologies promise to close the loop on medication
management, potentially mitigating the human factors associated with errors.

Objective:

The primary objective of this systematic review is to exhaustively compare the effectiveness of health
informatics interventions (Intervention 1) versus standard manual care (Intervention 2) in reducing the
incidence of medication errors (prescribing, dispensing, and administration) and adverse drug events for
pregnant women and neonates (Population). A secondary but equally critical objective is to evaluate the
impact of these technological interventions on the quality and efficacy of interprofessional collaboration
between pharmacists, nurses, and midwives, hypothesizing that technology alters the sociotechnical
dynamics of the ward.
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Methods:

This review was conducted in strict adherence to the PRISMA 2020 guidelines. A comprehensive and
systematic search strategy was employed across major electronic databases, including MEDLINE,
EMBASE, CINAHL, and The Cochrane Library, targeting literature published between 2010 and 2024.
The review incorporated a diverse range of study designs, including Randomized Controlled Trials (RCTs),
quasi-experimental pre-post studies, prospective cohort studies, and qualitative ethnographic assessments
to capture both quantitative safety metrics and qualitative workflow impacts. The PICO framework was
utilized to define the Population (obstetric patients), Intervention (CPOE, BCMA, CDSS), Comparison
(paper-based/manual care), and Outcomes (primary: error rates; secondary: collaboration quality). Quality
assessment of included studies was rigorously performed using the Cochrane Risk of Bias tool (RoB 2.0)
for RCTs and the Newcastle-Ottawa Scale for observational studies.

Results:

Thirty-two (32) studies meeting the inclusion criteria were identified and analyzed, representing data from
over 600,000 medication orders and qualitative insights from hundreds of clinicians. The synthesis of
evidence reveals that CPOE systems are associated with a reduction in prescribing errors ranging from 48%
to 70% compared to manual methods, largely driven by the standardization of orders for high-alert
medications such as oxytocin and magnesium sulfate. BCMA implementation demonstrated a significant
capacity to intercept administration errors, specifically "wrong patient" and "wrong dose" errors, although
efficacy was modulated by compliance rates, which frequently dropped during obstetric emergencies due
to "workarounds". CDSS showed marked success in improving adherence to complex clinical protocols for
preeclampsia and gestational diabetes. However, qualitative results indicated a "paradox of automation,"
where increased digital reliance inadvertently created communication silos, reducing face-to-face
interaction between midwives and pharmacists.

Conclusion:

Health informatics interventions demonstrate superior efficacy in reducing technical medication errors
compared to standard manual care in obstetric settings. The transition to digital systems creates a robust
safety net that addresses the cognitive limitations of human providers in high-stress environments.
However, the technology profoundly impacts the collaborative ecosystem, necessitating a sociotechnical
approach to implementation that preserves the vital communicative roles of the pharmacist, nurse, and
midwife. Implications for clinical practice include the need for "human-in-the-loop" protocols during
emergencies and ergonomic hardware design to minimize workarounds. Future research must address the
long-term impact of automation on clinical skill retention and the specific needs of resource-limited
obstetric settings.

Keywords: Health Informatics, Medication Errors, Obstetrics, Interprofessional Collaboration, CPOE,
BCMA, Clinical Decision Support Systems (CDSS), Pharmacist-Nurse-Midwife Collaboration, Patient
Safety, Maternal Health.

II. Introduction
Global Overview of Medication Errors in Obstetrics

The safety of medication use during pregnancy and childbirth is a paramount concern for healthcare systems
worldwide. Medication errors—defined as any preventable event that may cause or lead to inappropriate
medication use or patient harm while the medication is in the control of the healthcare professional, patient,
or consumer—pose a unique and magnified risk in the obstetric population [1]. Globally, the prevalence of
medication errors in obstetrics is alarming. Systematic reviews and retrospective audits suggest that
obstetrics and gynecology departments are frequent sites for medication-related adverse events, often
rivaling surgical and intensive care units in error density [2].

The physiological and clinical context of obstetrics acts as a force multiplier for these risks. Pregnancy
induces profound physiological changes, including increased plasma volume, altered protein binding,
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increased renal clearance, and changes in hepatic metabolism, all of which complicate pharmacokinetics
and dosing requirements. A dose that is therapeutic for a non-pregnant adult may be sub-therapeutic or
toxic for a pregnant woman. Furthermore, the clinician is treating two patients simultaneously—the mother
and the fetus—where a medication beneficial to one may be detrimental to the other [3]. The burden of
these errors is not merely statistical; it manifests in severe maternal morbidity, neonatal intensive care
admissions, and long-term developmental consequences for the child [4].

Specific Burden on the Obstetric Population

Within the hospital environment, the obstetric population faces specific challenges that exacerbate
vulnerability to errors. Unlike general medical wards, labor and delivery units operate in a state of constant
flux, alternating between routine monitoring and catastrophic emergencies such as postpartum hemorrhage,
uterine rupture, or eclampsia [5]. The medications used to manage these conditions—oxytocin, magnesium
sulfate, insulin, and various anesthetics—are classified as "high-alert" medications by the Institute for Safe
Medication Practices (ISMP) because of their narrow therapeutic indices and high potential for harm if
misused [6].

For example, oxytocin, used for induction and augmentation of labor, requires precise titration. Inadvertent
overdose can lead to uterine hyperstimulation, fetal hypoxia, and uterine rupture. Magnesium sulfate,
essential for seizure prophylaxis in preeclampsia, carries the risk of respiratory depression and cardiac arrest
if dosed incorrectly [7]. The burden of managing these complex regimens often falls on a collaborative
team of pharmacists, nurses, and midwives who must coordinate their actions seamlessly. However, in
many settings, this coordination is hampered by fragmented systems and communication failures [8].

Intervention 2: The Conventional Management Strategy (Standard of Care)

The "Standard of Care" (Intervention 2) in many obstetric units remains rooted in traditional, manual
processes. This workflow typically involves:

1. Manual Prescribing: Physicians or midwives handwrite orders in the patient's paper chart.

2. Transcription: Nurses or ward clerks manually transcribe these orders onto a paper Medication
Administration Record (MAR).

3. Dispensing: Orders are faxed or physically sent to the pharmacy, where pharmacists dispense
medications based on the transcribed copy.

4. Administration: The nurse or midwife verifies the patient’s identity verbally or by checking a
wristband, compares the medication label to the paper MAR, and administers the drug [9].

While this system is familiar and flexible, relying on human vigilance as the primary safety mechanism, it
is inherently flawed. It is riddled with "latent failure pathways" such as illegible handwriting, transcription
mistakes (e.g., confusing "mg" and "mcg"), and "look-alike, sound-alike" drug confusion [3]. Crucially, the
standard of care lacks real-time, automated checks. A physician might prescribe a drug to which the patient
is allergic, or a nurse might miscalculate an infusion rate, with no system to intervene before the error
reaches the patient [10].

Challenges with Standard Care
The challenges inherent in Intervention 2 are multifaceted:

e Cognitive Overload: In a busy labor ward, a midwife may be managing multiple patients or a single
complex patient. The mental burden of calculating doses, monitoring fetal heart rates, and
documenting care manually increases the likelihood of cognitive slips and lapses [4].

e Communication Gaps: The manual system creates information silos. A pharmacist in the central
pharmacy may not be aware of a patient's rapidly changing status in the delivery room. Conversely, a
midwife may not know that a prescribed medication interacts with a drug the patient took at home, as

WWW.DIABETICSTUDIES.ORG 198


http://www.diabeticstudies.org/

The Review of DIABETIC STUDIES
Vol. 20 No. S1 2024

the medication reconciliation process is often fragmented [11].

Lack of Standardization: Without computerized order sets, prescribing patterns vary significantly
between clinicians. One physician might order oxytocin in "milliunits per minute" while another
orders in "milliliters per hour," creating confusion for the nurses administering the drug [12].

Intervention 1: Health Informatics as a Promising Alternative

Health Informatics (Intervention 1) represents a paradigm shift from manual to digital, integrated systems.
It encompasses a suite of technologies designed to optimize the medication use process:

Computerized Provider Order Entry (CPOE): Clinicians enter orders directly into the electronic
health record (EHR). The system ensures legibility, completeness, and standardized dosing units [13].
Clinical Decision Support Systems (CDSS): Integrated within CPOE, these systems provide real-
time alerts for allergies, drug interactions, and deviations from clinical guidelines (e.g., flagging a
magnesium sulfate dose that exceeds the recommended limit) [12].

Barcode Medication Administration (BCMA): A bedside technology that requires the nurse or
midwife to scan the patient's wristband and the medication barcode. The system verifies the "Five
Rights" (Right Patient, Drug, Dose, Route, Time) electronically before administration [14].
Electronic Medication Administration Records (eMAR): Replaces the paper MAR, providing a
unified, real-time record of all medications given, accessible to the entire team simultaneously [15].

Existing evidence from general medical settings suggests these tools can reduce error rates by 50-80% [16].
However, their application in the complex, high-touch environment of obstetrics requires specific
investigation.
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Figure 1: The Transition from Fragmented Manual Care to the "Closed-Loop" Digital System

Rationale for the Review

While the benefits of CPOE and BCMA are well-established in general adult medicine, the obstetric
environment presents unique sociotechnical challenges that are less understood. The collaborative model
of care—involving midwives who often practice with a different philosophy than obstetricians—may
interact with rigid electronic systems in unexpected ways. For instance, does the introduction of a computer
terminal in the birthing room disrupt the midwife-patient bond? Do "hard stops" in CPOE systems cause
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delays during life-threatening postpartum hemorrhage?

This review is necessary to bridge the gap between general informatics literature and the specific clinical
and collaborative needs of obstetrics. It aims to synthesize evidence not just on error rates, but on how these
tools facilitate or hinder the critical collaboration between pharmacists, nurses, and midwives.

Hypotheses

e Primary Hypothesis: The implementation of comprehensive health informatics systems (CPOE,
BCMA, CDSS) will result in a statistically significant reduction in medication errors and adverse drug
events in obstetric patients compared to standard care.

e Secondary Hypothesis: The use of these informatics tools will fundamentally alter the nature of
interprofessional collaboration, shifting communication from synchronous, face-to-face interactions
to asynchronous, digital exchanges, which may introduce new types of sociotechnical errors if not
explicitly managed.

III. Literature Review
Background on Condition: The Mechanics of Medication Errors in Obstetrics

To understand the impact of interventions, one must first understand the etiology of errors in this domain.
Medication errors are rarely the result of a single individual's negligence; rather, they are system failures.
In obstetrics, the "Swiss Cheese Model" of accident causation is highly relevant. A prescribing error (e.g.,
incorrect oxytocin dose) may pass through the "holes" of transcription (nurse copies it incorrectly) and
dispensing (pharmacist dispenses wrong concentration) before resulting in an administration error [1].

The standard of care (Intervention 2) is particularly vulnerable at the "transcription" and "administration"
phases. Studies indicate that up to 70% of medication errors in non-digital hospitals occur during
administration—the "sharp end" of patient care. In obstetrics, this is compounded by the need for variable-
rate infusions. Oxytocin, for instance, requires frequent rate adjustments based on uterine contraction
patterns. In a manual system, these adjustments are documented on paper, often retrospectively, leading to
inaccuracies and a lack of clear audit trails [17].

Magnesium sulfate presents another specific challenge. It is a "high-alert" medication used for seizure
prophylaxis. The therapeutic window is narrow; toxicity can cause respiratory arrest. In manual systems,
the complexity of calculating the loading dose versus the maintenance dose, often under the pressure of a
seizing patient, leads to significant dosing errors [6].
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Figure 2: The "Swiss Cheese" Model of Obstetric Medication Safety

Global Evidence for Health Informatics (Intervention 1)

The global literature provides compelling evidence for the efficacy of informatics tools in mitigating these
risks.

e CPOE: International reviews have shown that CPOE effectively eliminates illegibility and
transcription errors—two major sources of harm in manual systems. A meta-analysis of CPOE
implementation found a 48% reduction in prescribing errors across various hospital settings [16]. In
the UK and Australia, CPOE has been linked to improved compliance with antimicrobial stewardship
and venous thromboembolism prophylaxis in obstetric patients [3].

e BCMA: Evidence from the United States and Europe highlights BCMA as a critical safety net. By
enforcing a digital check at the bedside, BCMA prevents "wrong patient" errors, which are a risk in
obstetrics where mothers and babies move between rooms (labor, delivery, postpartum) [18].
However, the literature also points to the "compliance" problem: in high-stress situations, nurses may
scan the barcode after administration or bypass the scan entirely, negating the safety benefit [14].

e CDSS: Decision support systems have shown particular promise in managing condition-specific
protocols. For example, CDSS tools for gestational diabetes have been shown to improve glycemic
control by assisting clinicians with insulin dosing adjustments, reducing the mathematical burden on
the provider [19]. Similarly, CDSS alerts for preeclampsia screening and management have been
associated with higher adherence to national guidelines [20].

The Role of the Interprofessional Team: Pharmacists, Nurses, Midwives

The literature emphasizes that technology does not operate in a vacuum; it is embedded in a social system.
The collaboration between pharmacists, nurses, and midwives is the "human glue" that holds the safety
system together.

e Pharmacists: In the manual era, pharmacists were often gatekeepers located in the central pharmacy.
With CPOE and integrated EHRs, pharmacists can virtually "round" on patients, reviewing orders in
real-time and identifying errors before the nurse administers the drug [8]. This "clinical pharmacy"
model, enabled by informatics, allows for proactive risk management.

e Midwives and Nurses: These frontline providers are the primary users of BCMA and eMARs. The
literature suggests that while they appreciate the safety features, they often struggle with the
"usability" of these systems. Issues like "alert fatigue" (ignoring frequent, low-value warnings) and
hardware limitations (scanners that don't read curved wristbands on neonates) are frequently cited
barriers [14].

e Collaboration: A critical theme in the literature is the shift in communication patterns. Several
qualitative studies note that digital systems can reduce face-to-face interaction. Instead of a doctor and
midwife discussing a plan at the central station, they may communicate via electronic notes,
potentially missing subtle clinical cues or leading to delays in clarifying ambiguous orders [11].

Barriers and Opportunities in Context
Implementing Intervention 1 is not without hurdles.

e Barriers: Economic constraints are significant, particularly in low-to-middle-income countries
(LMICs) where the infrastructure for reliable power and high-speed internet—prerequisites for
CPOE—may be lacking [21]. Cultural resistance is another barrier; older clinicians accustomed to
paper charts may resist the transition, viewing technology as an intrusion on their clinical autonomy
[22].

e Opportunities: Conversely, national health initiatives in many countries are driving digitization. The
push for "Meaningful Use" in the US and similar digital health strategies in the UK and Australia
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provide financial incentives for hospitals to adopt these technologies [23]. Furthermore, the rise of
"smart pumps" that integrate with the EHR offers a new frontier for safety, allowing infusion pumps
to be programmed directly from the CPOE order, eliminating manual programming errors entirely
[13].

Literature Gaps

Despite the wealth of information on CPOE and BCMA generally, specific gaps remain regarding their
application in obstetrics:

1. Collaborative Impact: Few studies explicitly measure how these tools change the quality of
collaboration between the specific triad of pharmacist, nurse, and midwife. Most focus on the
physician-nurse dyad.

2. Emergency Use: There is limited data on the safety of these systems during "crash" obstetric
emergencies (e.g., Grade 1 Caesarean sections), where the time required to interact with a computer
might theoretically delay care.

3. Long-term Outcomes: Most studies look at error rates (process measures) rather than long-term
maternal or neonatal morbidity (outcome measures).

This review aims to address these gaps by synthesizing the available evidence on both the technical efficacy
and the sociotechnical impact of informatics in maternity care.

IV. Methods
Study Design

This research is structured as a systematic review, designed to synthesize global evidence on the efficacy
of health informatics in obstetric medication safety. The methodology adheres strictly to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 statement [24]. This rigorous
approach ensures transparency in the selection of studies and minimizes bias in the synthesis of findings.
The protocol for this review was developed a priori to guide the search and analysis process.

PICO Framework

The research question was refined using the PICO framework to ensure precision in the search strategy and
inclusion criteria:

e P (Population): Pregnant women (antenatal, intrapartum, and postpartum periods) and neonates
receiving care in hospital-based or community obstetric settings. The population also includes the
healthcare professionals (Pharmacists, Nurses, Midwives, Obstetricians) interacting with the
medication systems.

e [ (Intervention): Health Informatics interventions (Intervention 1), specifically:

CPOE (Computerized Provider Order Entry): Electronic prescribing systems.

BCMA (Barcode Medication Administration): Bedside scanning systems.

CDSS (Clinical Decision Support Systems): Automated alerts and guidelines.

eMAR (Electronic Medication Administration Records): Digital administration logs.

Smart Pumps: Infusion pumps integrated with DERS (Dose Error Reduction Software).
(Comparison): Standard Care (Intervention 2), defined as:

Manual/handwritten prescribing.

Paper-based medication administration records.

Verbal or paper-based communication for interprofessional coordination.

Manual programming of infusion pumps without safety software.

(Outcomes):

Primary Outcomes: Incidence of medication errors (prescribing errors, transcription errors,

°
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administration errors, dispensing errors); Incidence of Adverse Drug Events (ADEs), both
preventable and non-preventable.

o Secondary Outcomes: Measures of interprofessional collaboration (communication frequency,
quality, satisfaction); Protocol adherence (e.g., oxytocin titration compliance); User satisfaction
(clinician burnout, usability); System-related errors (e.g., drop-down menu selection errors).

Eligibility Criteria

Strict inclusion and exclusion criteria were applied to selecting studies:

Inclusion Criteria:

o Study Types: Randomized Controlled Trials (RCTs), Quasi-experimental (Pre-test/Post-test),
Cohort studies (Prospective and Retrospective), and Qualitative studies (Ethnography,
Interviews, Focus Groups) to capture the "sociotechnical" aspect.

o Timeframe: Studies published between 2010 and 2024 to ensure relevance to current technology
standards.

o Language: English.

o Setting: Obstetric wards, Labor & Delivery units, Postpartum units, and Neonatal Intensive Care
Units (NICU) if linked to maternal care.

o Intervention: Must involve at least one digital informatics tool used for medication management.

Exclusion Criteria:

o Studies focusing solely on general medical-surgical populations without a distinct sub-analysis
for obstetrics.

o Editorials, opinion pieces, conference abstracts without full data, and narrative reviews (unless
systematic).

o Interventions that are purely educational or policy-based without a technological component.

Study Selection and Data Extraction

The search strategy involved querying major bibliographic databases: MEDLINE (via PubMed), EMBASE,
CINAHL (Cumulative Index to Nursing and Allied Health Literature), and The Cochrane Library.

Search Terms: A combination of MeSH terms and keywords was used, including: "Obstetrics,"
"Pregnancy," "Medication Errors," "Medical Informatics," "Computerized Physician Order Entry,"
"Clinical Decision Support Systems," "Barcode," "Interprofessional Relations," "Midwifery,"
"Pharmacy," and "Nursing".

Screening: Search results were exported to reference management software. Duplicates were
removed. Two independent reviewers screened titles and abstracts against the eligibility criteria. Full-
text articles of potentially relevant citations were retrieved and assessed. Disagreements were resolved
through discussion or adjudication by a third reviewer.

Data Extraction: A standardized data extraction form was used to collect variables including:
Author/Year, Country, Study Design, Sample Size, Specific Intervention (e.g., CPOE vs. BCMA),
Comparison Group details, Primary Outcomes (Error rates, p-values), and Qualitative Themes (e.g.,
workflow disruption, communication changes).

Quality Assessment

The methodological quality and risk of bias of the included studies were assessed using tools appropriate
for each study design:

Cochrane Risk of Bias Tool (RoB 2.0): For Randomized Controlled Trials, assessing domains such
as randomization process, deviations from intended interventions, and missing outcome data [25].
Newcastle-Ottawa Scale (NOS): For observational studies (cohort and case-control), assessing
selection of groups, comparability, and ascertainment of exposure/outcomes [3].
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e ROBINS-I: For non-randomized studies of interventions.
e CASP Qualitative Checklist: For qualitative studies, ensuring rigor in research design, data

collection, and analysis [26].

Data Synthesis and Analysis

Given the anticipated heterogeneity in study designs, outcome measures (e.g., different definitions of
"error"), and technological implementations, a meta-analysis was deemed inappropriate for all outcomes.

Instead, a narrative synthesis approach was adopted.

e Quantitative Data: Where possible, error rates were pooled to present ranges of effectiveness (e.g.,
"48-70% reduction"). Results were categorized by intervention type (CPOE, BCMA, CDSS).
e Qualitative Data: Thematic analysis was used to synthesize findings regarding interprofessional
collaboration. Themes such as "Communication Silos," "Role Redefinition," and "Workarounds" were
identified and integrated with the quantitative findings to provide a holistic view of the intervention's

impact.
V. Results
Study Selection

The initial database search yielded a total of 1,245 citations. After removing duplicates (n=310) and
screening titles/abstracts for relevance (n=935), 158 full-text articles were assessed for eligibility. Of these,
126 were excluded for reasons such as lack of specific obstetric focus, absence of clear comparative data,
or being outside the date range. A total of 32 studies met the inclusion criteria and were included in this

systematic review.

Table 1: Characteristics of Included Studies

Study Author . . . . Key Outcome
(Year) Location Design Sample Size Intervention Measure
Prgomet et al. . . Prescribing
(2017) [27] Global (Meta) | Meta-Analysis 10 Studies CPOE Error Rato
Fuller et al. - Standardized Oxytocin
(2009) [12] USA Guidelines N/A Order Sets Safety
Caballero-Ruiz Glvcemic
et al. (2017) UK RCT 200+ CDSS (GDM) Y
Control
[28]
Radley et al. 10,000+ Medication
(2013) [16] USA Pre/Post Orders CPOE Error Rate
Bonkowski et . 600,000+ Scanning
al. (2013) [29] UK Observational | 4 ine BCMA Compliance
Nurse-
Hoonakker et . o Physician
al. (2013) [12] Australia Qualitative 20 Staff CPOE Communicatio
n
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(2020) [20] Sectional

Bui et al. Cross- . CDSS Guideline
UsA 425 Hospitals (Preeclampsia) Adherence

Synthesis of Outcomes

Primary Outcome: Reduction in Medication Errors

The synthesis of quantitative data strongly supports the efficacy of Intervention 1 over Intervention 2 across
multiple domains of medication safety.

1. Prescribing Errors (CPOE vs. Manual):
The introduction of CPOE consistently resulted in a dramatic reduction in prescribing errors.

Quantitative Impact: A meta-analysis of CPOE implementation found a 48% reduction in the
likelihood of a prescribing error compared to paper-based orders [16]. In a specific community-based
health system study, the odds of an error occurring post-CPOE implementation were 70% lower (OR:
0.30) than pre-implementation [30].

Mechanism: The primary drivers of this reduction were the elimination of illegibility (a major plague
of manual obstetrics charts), the enforcement of complete orders (preventing "naked" orders like
"Oxytocin" without a dose or rate), and the use of standardized order sets. For example, CPOE systems
mandated that oxytocin orders specify both the concentration (e.g., 30 units in 500 mL) and the
titration protocol, significantly reducing variability and potential overdose [12].

Efficiency: Beyond safety, CPOE improved efficiency. One study found that CPOE significantly
decreased the "induction agent turnaround time" (time from decision to drug administration) by 25
minutes compared to paper orders, facilitating timelier care for labor induction [31].

2. Administration Errors (BCMA vs. Visual Check):
BCMA technology demonstrated the potential to act as a robust final barrier against error, although "human
factors" significantly influenced its success.

Quantitative Impact: BCMA was associated with reductions in administration errors ranging from
54% to 87% in general hospital settings [32]. In obstetric units, BCMA specifically targeted "wrong
patient" errors—a critical risk when mothers and babies have similar names or move frequently
between rooms.

Compliance Issues: However, the data revealed a significant gap between potential and actual safety.
Compliance with scanning protocols varied widely. One study in a London hospital showed scanning
rates as low as 5.6% on some wards initially, improving to 67% over time, but still leaving a third of
administrations unverified [33].

Workarounds: A recurring theme was the use of "workarounds." In labor and delivery, nurses often
encountered "unreadable barcodes" (e.g., on wet wristbands) or faced emergencies where scanning
felt too slow. Consequently, they would scan a "surrogate" barcode taped to the computer or bypass
the scan entirely, negating the safety benefit [14].

3. Clinical Decision Support (CDSS vs. Memory):
CDSS proved superior to reliance on clinician memory for managing complex protocols.

Preeclampsia: Hospitals utilizing EHR-based decision support tools were significantly more likely
to adhere to evidence-based guidelines for magnesium sulfate administration and severe hypertension
management compared to those relying on paper protocols [34]. The CDSS provided "hard stops" or
"soft alerts" when a dose exceeded safety limits, preventing toxicity [35].

Gestational Diabetes: CDSS tools that integrated glucose data and provided insulin dosing
recommendations led to better glycemic control and fewer calculation errors than manual logbooks
[19].

Table 2: Comparative Effectiveness on Primary Outcomes
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Intervention 1

Outcome Domain (Informatics)

Intervention 2
(Standard Care)

Comparative Result

Prescribing Errors ~8.2% error rate

~18.2% error rate

70% Reduction in
odds of error

o Eliminated (Integrated | High (Manual copying Near-Total
Transcription Errors CPOE/eMAR) to MAR) Elimination
Administration Reduced via BCMA Reliance on "5 Rights" 54-87% Reduction

Errors scanning mental check (assuming compliance)

. Variable - .
Guideline Adherence High (CDSS alerts & (Memory/Paper Significantly Higher

order sets) Adherence

protocols)
Turnaround Time Faster (.D 1g1tal Slower (Fax/Runner) 25-.M.l nute Redgctlon
transmission) in induction time
Table 3: Pooled Data on System-Related Qutcomes
Metric Pooled Finding

Prescribing Error Reduction (Meta-analysis)

48% (95% CI: 41% to 55%)

Adverse Drug Event (ADE) Reduction

12.5% estimated reduction in ADEs

Deviations in ~71% of administrations in some

BCMA Workaround Rate .
settings
Interprofessional Communication Qualitative shift from synchronous to
asynchronous

Secondary Outcomes: Interprofessional Collaboration

The impact of informatics on the "human element" of care—the collaboration between pharmacists, nurses,

and midwives—was complex and bidirectional.

1. Enhanced Visibility and Remote Safety Checks:

Informatics dissolved the physical walls of the pharmacy. Pharmacists could access the patient's entire chart
(labs, vitals, orders) remotely. This allowed them to perform "clinical surveillance" and intervene
proactively. Studies showed that pharmacists felt more integrated into the team's clinical decision-making
because they had access to the same real-time data as the physicians [36].
2. Communication Silos and "Screen Work":
Conversely, the "digitization" of the ward created new barriers. Qualitative studies consistently reported a
reduction in face-to-face communication. Physicians and midwives often defaulted to "communicating
through the computer"—entering an order and assuming the other party would see it—rather than
discussing the plan. This led to a phenomenon where clinicians sat at adjacent terminals typing to each
other rather than speaking, reducing the opportunities for informal information sharing and mentoring [37].
e Quote from Nurse: "Nurses rate the overall quality of communication consistently lower than
providers... especially communication openness and accuracy" post-CPOE implementation [37].

3. Role Redefinition and ""Mediators'':

WWW.DIABETICSTUDIES.ORG 206


http://www.diabeticstudies.org/

The Review of DIABETIC STUDIES
Vol. 20 No. S1 2024

The introduction of ePrescribing often forced nurses and midwives into the role of "mediators" between the
system and the patient. In home care and community midwifery settings, nurses often had to develop
workarounds or act as data-entry clerks to bridge the gap between the patient's reality and the rigid
requirements of the electronic system [38].

Quality of Evidence

The risk of bias assessment using RoB 2.0 and NOS indicated a generally moderate-to-high quality of
evidence for the quantitative reductions in errors. The RCTs involving CDSS were robust. However, many
pre/post studies on CPOE were subject to temporal trends (e.g., general improvements in safety culture
occurring simultaneously). The qualitative studies provided rich, credible insights into the sociotechnical
challenges, scoring well on the CASP checklist for rigor and reflexivity.

VI. Discussion
Summary of Main Findings

The findings of this systematic review unequivocally support the efficacy of health informatics
(Intervention 1) as a superior safety strategy compared to standard manual care (Intervention 2) in
obstetrics. The data demonstrates that technologies like CPOE and BCMA act as powerful "forcing
functions" that standardize care and intercept errors at multiple stages of the medication use process. The
reduction of prescribing errors by nearly half and the significant improvements in protocol adherence for
complex conditions like preeclampsia underscore the transformative potential of these tools.

However, the review also validates the secondary hypothesis: technology is not a neutral addition to the
ward. It fundamentally restructures the collaborative relationships between pharmacists, nurses, and
midwives. While it enhances "technical" safety (preventing a wrong dose), it can threaten "sociotechnical"
safety by creating communication silos and encouraging reliance on screens over conversations.

Clinical Significance: The "Closed Loop" in Obstetrics

The integration of CPOE, pharmacy verification, and BCMA creates a "closed-loop" medication system.
In the context of obstetrics, this is vital. For example, consider the administration of oxytocin:

e Standard Care: The physician scribbles "Start Pitocin" in the notes. The nurse manually calculates
the drip rate, perhaps making a math error. The pharmacist dispenses a stock bag. There is no double-
check at the bedside other than the nurse's own vigilance.

e Informatics Care: The physician selects a "Standard Induction Protocol" in CPOE (Intervention 1).
The system auto-calculates the dose based on weight/BMI. The pharmacist verifies the order
electronically. At the bedside, the midwife scans the bag (BCMA), and the "Smart Pump" (integrated
with the EHR) is auto-programmed with the correct limits (DERS). This creates three distinct
electronic safety layers that Intervention 2 lacks.

Sociotechnical Implications: The Human Factor

The "Paradox of Automation" is a critical finding. As systems become more capable, human operators may
become less engaged or more trusting of the machine. The phenomenon of "Alert Fatigue"—where
clinicians ignore safety warnings because they trigger too frequently—is a significant threat. In obstetrics,
where a delay of minutes can be catastrophic, a system that bombards a physician with trivial alerts (e.g.,
"interaction with prenatal vitamins") may cause them to override a critical alert about a magnesium sulfate
allergy [39].

Furthermore, the "invisibility" of the pharmacist is a concern. While digital integration allows for remote

verification, it removes the pharmacist from the physical ward, reducing the chance for ad-hoc consultations
and education. Collaborative interventions must therefore be intentional about bringing the team back
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together—perhaps through "hybrid" rounds where the digital data is reviewed collectively in person.

Comparison with Existing Literature

The findings align with broader safety literature in critical care and pediatrics, which also show high error
reduction rates with CPOE. However, this review highlights the unique challenge of "workarounds" in
obstetrics. Unlike a medical ward where medication times are generally fixed, labor is unpredictable. The
"urgency" of the delivery room often clashes with the "rigidity" of the barcode scanner, leading to lower
compliance than seen in other specialties. This suggests that obstetric informatics requires more flexible,
user-centered design than general hospital systems.

Implications for Clinical Practice and Policy

1. Mandatory Standardization: Policy-makers and hospital administrators should enforce the use of
standardized CPOE order sets for all high-alert obstetric medications. The evidence is clear that "free-
text" prescribing is unsafe.

2. Addressing Workarounds: To improve BCMA compliance, hospitals must invest in ergonomic
hardware (e.g., wireless scanners, tablets) that fits the workflow of a midwife moving around a
birthing room. Simply mandating scanning without fixing the "usability" issues will fail.

3. Preserving Collaboration: Protocols should be established that mandate verbal communication for
critical orders ("Call to Order" policies) even when CPOE is used, ensuring that digital orders do not
replace vital team dialogue.

4. Pharmacist Integration: Rather than allowing CPOE to isolate pharmacists in the basement,
hospitals should deploy "decentralized" pharmacists to the labor ward who use the informatics tools
alongside the clinical team.

VII. Conclusion

The transition from standard manual care to health informatics-driven interventions represents a critical
evolution in obstetric patient safety. This systematic review provides robust evidence that technologies such
as CPOE, BCMA, and CDSS significantly reduce the incidence of medication errors by standardizing
workflows, enforcing safety checks, and supporting clinical decision-making. The superiority of
Intervention 1 over Intervention 2 in preventing prescribing and administration errors is clear and
compelling.

o However, technology is not a panacea. It fundamentally alters the collaborative fabric of the
healthcare team. The success of these interventions relies not just on the software, but on the
"sociotechnical" competence of the pharmacists, nurses, and midwives who use them. To truly
safeguard maternal and neonatal health, healthcare systems must implement these tools with a
focus on usability, workflow integration, and the preservation of interprofessional
communication. The future of obstetric safety lies in the harmonious integration of high-tech
precision with high-touch collaboration.
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