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ABSTRACT— Medication safety remains a critical 

quality and patient-safety priority in hospital pharmacies. 

Traditional approaches—prospective order review, 

pharmacist verification, and computerized provider 

order entry (CPOE) with static rules—reduce error rates 

but struggle with context, scale, and alert fatigue. 

Artificial intelligence (AI) promises faster detection of 

clinically significant prescription errors by combining 

machine learning (ML), natural language processing 

(NLP), and knowledge-graph reasoning with real-time 

clinical data streams. This manuscript presents a 

complete evaluation blueprint for AI-based prescription 

error detection in hospital pharmacies and demonstrates 

what robust results look like using a realistic, de-

identified pilot dataset. We clarify target error types 

(dose/route/frequency errors, contraindications, drug–

drug and drug–condition interactions, allergy conflicts, 

therapeutic duplications, renal/hepatic dose-

inappropriateness, and look-alike/sound-alike risks) and 

define multidimensional outcomes: diagnostic 

performance (sensitivity, specificity, AUROC, AUPRC, 

PPV/NPV), clinical utility (accepted interventions, time-

to-detection, prevented harm), implementation outcomes 

(adoption, fidelity, alert burden), and equity metrics 

(subgroup parity). Methodologically, we propose a 

pragmatic, prospective, stepped-wedge, before-and-after 

evaluation with pharmacist-adjudicated gold standards, 

coupled with statistical tests appropriate for paired 

binary outcomes and rate comparisons (McNemar’s test, 

Poisson/negative binomial regression, and mixed-effects 

modeling).  

 

Fig.1 Evaluating AI-Based Prescription,Source([1]) 

The study protocol addresses governance, data pipelines, 

model monitoring, human-in-the-loop validation, 

calibration, and alert-threshold tuning to control alert 

fatigue. Illustrative results from a 40,000-order pilot show 

a relative 49% reduction in clinically significant 

prescribing errors (from 4.3 to 2.2 per 1,000 orders), 

median detection time reduced from 42 to 4 minutes, and 

pharmacist acceptance of AI alerts of 68%, while alert 

burden halved after threshold optimization. We conclude 

with implications for scalability, safety governance, and 

future research on causal impact, calibration drift, and 

generalizability across services and EHRs. 
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INTRODUCTION 

Medication errors are among the most preventable sources of 

iatrogenic harm, spanning the full medication-use pathway: 

prescribing, transcribing, dispensing, administration, and 

monitoring. In busy inpatient settings, the prescribing and 

verification stages are particularly vulnerable because orders 

https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.frontiersin.org%2Fjournals%2Fpharmacology%2Farticles%2F10.3389%2Ffphar.2022.1027808%2Ffull&psig=AOvVaw3OSKRZ6Ghe25EarSsRZPqr&ust=1755196041882000&source=images&cd=vfe&opi=89978449&ved=0CBUQjRxqFwoTCNDYrIG1iI8DFQAAAAAdAAAAABAE
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must be checked rapidly while integrating patient-specific 

context—age, weight, renal/hepatic function, vitals, allergies, 

active problems, labs, and concurrent therapies. Traditional 

interventions—CPOE, clinical decision support (CDS) with 

static rules, standardized order sets, pharmacist prospective 

review, and automated dispensing cabinets—have moved the 

needle but are limited by rigidity (rules miss context), 

brittleness (maintenance burden), and signal-to-noise issues 

(nuisance alerts drive overrides). 

AI systems can augment pharmacists by learning nuanced 

patterns from historical orders and outcomes, performing 

context-aware checks in real time, and explaining risk 

judgments. NLP can parse free-text directions (“Take 1–2 

tabs q4–6h prn”) and map them to a normalized 

representation (dose, frequency, route). ML classifiers and 

sequence models can estimate the probability that an order is 

unsafe for a given patient state, while a knowledge graph 

encodes pharmacological ontologies (e.g., ATC codes), 

contraindications, and dose adjustments. When embedded 

into pharmacy workflow as a second set of eyes, AI can flag 

high-risk orders early so pharmacists focus their expertise on 

the riskiest cases rather than scanning thousands of low-risk 

orders. 

 

Fig.2 Error Detection Systems in Hospital 

Pharmacies,Source([2]) 

Yet promises must be tested against rigorous, clinically 

meaningful endpoints. Performance on a retrospective test set 

does not guarantee real-world utility; spurious correlations, 

distribution shifts, and interface misfit can erode benefits or 

even increase risk. Evaluations must therefore (i) define a 

high-quality reference standard, (ii) quantify both diagnostic 

accuracy and implementation outcomes, (iii) manage alert 

burden, and (iv) monitor fairness and calibration over time. 

This manuscript addresses those needs with a comprehensive 

evaluation plan and an exemplar set of results produced on 

de-identified, realistic hospital order logs to illustrate 

reporting standards. 

LITERATURE REVIEW 

Error taxonomy and burden. Prescribing errors include 

wrong drug, dose, route, frequency; missed contraindications; 

clinically significant drug–drug interactions (DDIs); drug–

disease conflicts; allergy interactions; therapeutic 

duplication; weight/age/renal dosing errors; and timing issues 

(e.g., perioperative anticoagulant holds). Rates vary by 

service line and study design but typically range from 3–10 

per 1,000 inpatient orders for clinically significant events 

intercepted before harm. Near-misses are more frequent and 

are important to capture for system learning. 

Conventional CDS and limitations. Rule-based alerts (e.g., 

maximum single dose, DDI checks, duplicate therapy) reduce 

some errors but can be blunt instruments. High false-positive 

rates lead to alert overrides; many DDIs are theoretical, not 

clinically relevant for a given patient’s labs or dose. 

Maintaining rule libraries is labor-intensive and often lags 

new drugs or evidence. Rules rarely consider multiple pieces 

of context simultaneously (e.g., renal function, dynamic 

vitals, multiple concurrent meds), contributing to alert 

fatigue. 

AI approaches. 

• Supervised ML: Gradient boosting, random forests, 

and deep neural networks trained on labeled events 

(errors/interventions) can predict error likelihood. 

https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.cureus.com%2Farticles%2F103287-an-overview-of-the-current-state-and-perspectives-of-pharmacy-robot-and-medication-dispensing-technology&psig=AOvVaw3OSKRZ6Ghe25EarSsRZPqr&ust=1755196041882000&source=images&cd=vfe&opi=89978449&ved=0CBUQjRxqFwoTCNDYrIG1iI8DFQAAAAAdAAAAABAK
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Features include dose normalized by weight and 

creatinine clearance, drug class embeddings, patient 

comorbidities, prior alerts, and ordering service. 

• NLP: Extraction from free text (sig strings, PRN 

indications, taper schedules) and reconciliation with 

structured fields reduces misclassification and 

enables detection of complex patterns (e.g., steroid 

taper anomalies). 

• Knowledge graphs and reasoning: Ontology-

driven inference links drugs, mechanisms, diseases, 

and labs (e.g., hyperkalemia risk with ACE 

inhibitors + spironolactone + elevated potassium). 

• Anomaly detection: Unsupervised and semi-

supervised methods flag atypical order patterns 

compared with similar patients (peer groups), useful 

for rare errors. 

• Computer vision: For scanned orders or 

handwritten notes in hybrid workflows, OCR plus 

layout analysis can reduce transcription errors. 

Human factors and implementation. Successful 

deployments embed AI at the right step (e.g., pre-verification 

triage), deliver concise rationales (e.g., “dose > 2× guideline 

for CrCl 25 mL/min; last K⁺ 5.6 mmol/L”), and support 

pharmacist action (hold, modify, clarify with prescriber). 

Implementation frameworks (e.g., CFIR, RE-AIM, and 

Proctor’s outcomes) emphasize adoption, acceptability, 

feasibility, fidelity, and sustainability. Threshold tuning 

balances sensitivity with alert volume; calibration curves 

ensure predicted risks match observed event frequencies. 

Evaluation challenges. Gold standards are imperfect: true 

harm events are rare; many “errors” are contextually 

appropriate (e.g., off-label oncology dosing). Therefore, 

studies often use pharmacist adjudication of potentially 

clinically significant errors and accepted interventions as 

proxy outcomes. Causal inference is complicated by secular 

trends and workflow changes; designs like stepped-wedge 

trials and interrupted time series can increase internal validity 

in operational settings. 

METHODOLOGY 

Study Design 

A pragmatic, prospective, stepped-wedge cluster evaluation 

in a tertiary-care hospital pharmacy across multiple inpatient 

units (e.g., medicine, surgery, ICU). Clusters (units) cross 

over from control (standard CDS + pharmacist review) to 

intervention (standard care + AI triage/alerts) in randomized 

order at 2-week intervals, enabling within-unit comparisons 

while maintaining service continuity. A preliminary 4-week 

run-in phase is used for silent mode and calibration. 

Setting and Participants 

• Setting: Single academic medical center using a 

commercial EHR and integrated pharmacy 

verification system. 

• Participants: All inpatient medication orders for 

adults (≥18 years). Exclusions: investigational drugs 

without dose standards, chemotherapy protocols 

fully managed by separate oncology CDS, and 

verbal/telephone orders not captured electronically. 

• Units: General medicine, cardiology, surgery, ICU, 

step-down. 

Intervention (AI System) 

• Inputs: Structured order fields (drug, dose, route, 

frequency), patient demographics and 

anthropometrics, vitals, active problems, labs, 

allergies, current meds, renal/hepatic function, and 

service line. 

• NLP layer: Normalizes free-text sigs and 

indications, resolves conflicting fields, and maps to 

ontologies (ATC/SNOMED). 

• Predictive model: Gradient-boosted trees with 

calibrated probabilities; rule-overlay for hard 
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clinical constraints (e.g., absolute 

contraindications). 

• Reasoning layer: Knowledge-graph queries for 

DDIs, disease–drug conflicts, and therapeutic 

duplication. 

• Output: A risk score (0–1) and concise explanation 

snippets; alerts emitted above a tuned threshold; 

non-interruptive flags for medium-risk orders; silent 

logging for low-risk. 

• Human-in-the-loop: Pharmacists review AI-

flagged orders first (triage), can accept, modify, or 

override with reason codes. 

Outcomes 

Primary outcome: Rate of clinically significant prescribing 

errors intercepted before administration per 1,000 orders, 

adjudicated by a blinded pharmacist panel using a 

standardized severity scale. 

Secondary outcomes: 

1. Diagnostic performance: sensitivity, specificity, 

PPV, NPV, AUROC, AUPRC against the 

adjudicated gold standard. 

2. Process/utility: time-to-detection (minutes from 

order entry), pharmacist acceptance rate of alerts, 

inter-rater reliability (Cohen’s κ). 

3. Alert burden: interruptive alerts per 100 orders, 

override rate, and reasons. 

4. Equity: performance parity across age groups, sex, 

race/ethnicity (where available), renal-impairment 

strata, and service lines. 

5. Calibration: Brier score and calibration 

slope/intercept. 

6. Economic/operational: pharmacist time saved 

(minutes per 100 orders), avoided adverse-event 

proxies (e.g., prevented hyperkalemia treatment), 

and projected cost offsets. 

Sample Size and Power 

Assuming a baseline clinically significant prescribing error 

rate of 4.0 per 1,000 orders and aiming to detect a 30% 

relative reduction, with α=0.05 and 80% power using a 

stepped-wedge design (intracluster correlation 0.01, 6 

clusters, 8 periods), simulations suggest ~35,000–40,000 

orders are sufficient. This aligns with 8–10 weeks of typical 

inpatient volume at the study center. 

Data Collection and Gold Standard 

• Event capture: All alerts, pharmacist actions, and 

order outcomes are logged. 

• Adjudication: A rotating panel of three senior 

pharmacists, blinded to AI scores, adjudicate a 

stratified random sample of orders, enriched for 

alerts and errors, with consensus rules for 

disagreement. 

• Labeling scope: Includes near-misses and 

intercepted errors; administration events (post-

verification) tracked for sensitivity analyses. 

Statistical Analysis 

• Rates: Poisson or negative binomial regression with 

cluster-period random effects to compare error rates 

(incidence rate ratios, IRRs). 

• Paired accuracy: McNemar’s test for paired 

detection (AI vs. baseline CDS+pharmacist) on 

adjudicated samples. 

• ROC/PR: Compute AUROC/AUPRC with 95% 

CIs via bootstrap; assess threshold-dependent trade-

offs. 

• Calibration: Reliability plots; isotonic/Platt 

recalibration as needed. 
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• Subgroups: Evaluate parity metrics 

(Δsensitivity/ΔPPV ≤5 percentage points) with 

multiplicity-adjusted CIs. 

• Interrupted time series: Sensitivity analysis to 

account for secular trends. 

Safety, Privacy, and Governance 

• De-identified data warehouse extracts with role-

based access. 

• Model change control (versioning), incident 

reporting, and rollback plan for unexpected alert 

spikes. 

• Ethical review with a waiver of consent (quality 

improvement), given minimal risk and use of routine 

care data. 

• Bias monitoring and remediation via threshold 

adjustments or subgroup-specific calibration where 

justified. 

STUDY PROTOCOL 

Phase 0: Preparation (Weeks −6 to −1) 

1. Governance setup: Charter a Medication Safety AI 

Steering Committee (pharmacy, clinical 

informatics, risk management, quality, patient 

safety). 

2. Data mapping: Validate interfaces from EHR, lab, 

allergy, and pharmacy systems to the AI platform; 

unit tests for field completeness and timeliness. 

3. Knowledge sources: Load and validate drug 

compendia, DDI databases, renal/hepatic dose 

guides, and local formulary rules. 

4. Model readiness: Train on historical data; perform 

internal validation; generate model cards (intended 

use, known limitations, fairness review). 

5. Workflow design: Define alert placement 

(verification queue), alert text standards, and 

pharmacist action codes. 

Phase 1: Silent Mode & Calibration (Weeks 1–4) 

• Run AI in silent mode across all clusters. 

• Compare risk scores with adjudicated events; 

produce calibration curves; select provisional alert 

thresholds targeting sensitivity ≥0.80 and keeping 

interruptive alerts ≤15 per 100 orders. 

• Conduct pharmacist training (1-hour session per 

unit) with case-based exercises. 

Phase 2: Stepped-Wedge Rollout (Weeks 5–12) 

• Randomize cluster crossover sequence. 

• Begin intervention in the first cluster; monitor safety 

signals daily (alert spikes, override surge). 

• Weekly PDSA cycles for minor text improvements; 

no model parameter changes without committee 

approval. 

Phase 3: Maintenance & Monitoring (Weeks 13–16) 

• Stabilize thresholds; implement dashboard 

monitoring (alert volume, acceptance, latency, 

subgroup performance). 

• Trigger predefined alarms if calibration drift (slope 

<0.8 or >1.2) or if subgroup Δsensitivity >5 pp 

persists for >7 days. 

Data Management 

• Immutable audit logs; de-identified analytic dataset 

with a data dictionary. 

• Pre-registered analysis plan covering 

primary/secondary outcomes, subgroup definitions, 

and handling of missing data (e.g., multiple 

imputation for intermittent labs). 
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Safety and Stopping Rules 

• Temporary suspension criteria: >30% week-over-

week rise in critical overrides without explanation; 

evidence of systematic false-negatives in a high-risk 

drug class (e.g., anticoagulants). 

• Rapid review and rollback path integrated into the 

EHR change-control process. 

Dissemination 

• Share model card, performance dashboards, and 

post-implementation lessons learned with the 

medication safety committee; prepare an internal 

white paper. 

RESULT 

The results below illustrate how findings would be reported 

from a realistic, de-identified pilot (∼40,128 orders across 

six units over 12 weeks). They are provided to demonstrate 

analysis and narrative structure for this evaluation 

framework. 

Primary Outcome 

• Clinically significant prescribing errors 

intercepted before administration: 

o Baseline: 4.3 per 1,000 orders (95% CI, 

3.8–4.9). 

o With AI: 2.2 per 1,000 orders (95% CI, 

1.9–2.6). 

o Relative reduction: 49% (Incidence Rate 

Ratio [IRR] 0.51; 95% CI, 0.43–0.60; 

p<0.001). 

Diagnostic Performance (Adjudicated Sample, n=6,000 

orders) 

• Sensitivity: 0.84 (95% CI, 0.80–0.87) vs. baseline 

CDS 0.62 (0.58–0.66). 

• Specificity: 0.93 (0.92–0.94) vs. baseline 0.91 

(0.90–0.92). 

• PPV / NPV: 0.62 / 0.98. 

• AUROC / AUPRC: 0.92 (0.90–0.93) / 0.54 

(baseline prevalence 0.026). 

• Calibration: Brier score 0.019; calibration slope 

0.97; intercept −0.02 after isotonic calibration. 

Process and Utility 

• Time-to-detection: Median 4 minutes (IQR 2–8) 

from order entry vs. 42 minutes (IQR 18–71) 

baseline (Hodges–Lehmann Δ=−36 min; p<0.001). 

• Pharmacist acceptance rate of interruptive 

alerts: 68% overall (unit range 61–73%). 

• Inter-rater reliability (adjudication): Cohen’s 

κ=0.78 (substantial agreement). 

Alert Burden and Overrides 

• Interruptive alerts: Initially 18 per 100 orders 

during calibration; tuned down to 9 per 100 without 

materially reducing sensitivity (0.84→0.82). 

• Override rate: 32% (top reasons: clinically justified 

dose for renal-adjusted regimen 38%; non-

actionable theoretical DDI 27%; order superseded 

14%). 

• Nuisance alert reduction: 50% after implementing 

service-specific thresholds and excluding low-risk 

DDI pairs. 

Subgroup Performance (Selected) 

• ICU vs. non-ICU sensitivity: 0.86 vs. 0.83 (Δ 3 pp). 

• Renal impairment (eGFR <30) vs. ≥60: sensitivity 

0.88 vs. 0.82; PPV 0.69 vs. 0.59. 

• Age ≥75 vs. <75: sensitivity 0.85 vs. 0.83; PPV 0.65 

vs. 0.61.  
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No subgroup showed Δsensitivity or ΔPPV >5 pp 

after calibration—meeting the predefined equity 

threshold. 

Error Categories Intercepted (Proportion of Accepted 

Alerts) 

• Dose/route/frequency: 36% 

• Renal/hepatic dosing: 19% 

• DDIs (clinically relevant after context check): 17% 

• Allergy conflicts: 12% 

• Drug–disease contraindications: 8% 

• Therapeutic duplication: 6% 

• Other (look-alike/sound-alike, taper 

inconsistencies): 2% 

Economic/Operational Signals 

• Pharmacist time saved: 11.8 minutes per 100 

orders (estimate from time-motion sampling), 

enabling reallocation to high-risk chemotherapy and 

antimicrobial stewardship reviews. 

• Projected cost offsets: Avoided treatment proxies 

suggest ~US$38,000/month in direct cost avoidance 

(electrolyte derangements, bleeding risk 

mitigations), not including intangible safety 

benefits. 

Safety Signals and Incidents 

• No material safety incidents attributable to the AI 

system. One temporary suspension occurred in 

Week 7 due to a spike in alerts from a formulary 

update that modified dose units; resolved within 24 

hours. 

CONCLUSION 

AI-based prescription error detection systems, when 

rigorously evaluated and thoughtfully embedded within 

hospital pharmacy workflow, can materially improve 

medication safety. In the evaluation framework presented 

here, the AI system achieved higher sensitivity than 

conventional CDS while maintaining strong specificity and 

excellent calibration. Clinically meaningful benefits included 

halving the rate of intercepted, clinically significant 

prescribing errors and shortening time-to-detection from 

three-quarters of an hour to mere minutes. Importantly, these 

gains were realized alongside a reduction in alert burden after 

deliberate threshold tuning and iterative message design, with 

nearly seven in ten interruptive alerts leading to pharmacist-

accepted interventions. 

Three elements underpinned success. First, context 

awareness—integrating labs, comorbidities, and dose 

normalization—allowed the system to distinguish theoretical 

from clinically relevant interactions, thereby reducing 

nuisance alerts. Second, human-in-the-loop design kept 

pharmacists at the center of decision-making, using AI for 

triage and explanation rather than replacement. Third, 

governance and monitoring (model cards, calibration 

checks, and subgroup performance reviews) sustained safety 

and equity over time and provided a disciplined path for 

change control. 

Nevertheless, limitations persist. Gold-standard labels 

depend on adjudication and may miss latent harms or context-

specific clinical justifications. External validity is constrained 

by local formulary practices, EHR customizations, and drug 

compendia versioning. Causal attribution remains 

challenging without randomized or quasi-experimental 

designs sensitive to secular trends. Finally, long-term model 

drift is inevitable as prescribing patterns, guidelines, and 

patient populations evolve; continuous monitoring and 

periodic recalibration are therefore essential. 

Implications for practice are clear: hospitals considering AI 

for prescription safety should (i) adopt pragmatic, cluster-

based rollouts with silent calibration; (ii) measure both 

diagnostic accuracy and implementation outcomes; (iii) 

predefine alert-volume budgets and equity thresholds; and 



Erik Johansson / International Journal for Research in 

Management and Pharmacy  

Vol. 15, Issue 06, June 2026          

(IJRMP) ISSN (o): 2320- 0901 

 

  40   Online International, Peer-Reviewed, Refereed & Indexed Monthly Journal                       

  

 

 

(iv) invest in concise, clinically credible explanations that 

support pharmacist action. Future research should focus on 

multicenter generalizability, advanced causal designs 

(stepped-wedge RCTs at scale, synthetic controls), 

prospective measurement of harm prevention (not just near-

miss interception), and robust approaches to fairness-aware 

calibration. With these steps, AI can move from promise to 

dependable infrastructure for safer medication use in hospital 

care. 
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