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Abstract

Medication errors are a significant problem to patient safety in all parts of the world, which
adds to morbidity, mortality, and health expenditures. Manual verification, pharmacist
intervention, and electronic prescribing systems have all been used as traditional prevention
methods, which have improved the safety, but remain limited by human dependency and the
inability to predict. The Six Sigma methodology offers a data-driven, structured approach to
detecting process inefficiencies and minimizing errors with the help of the DMAIC framework.
At the same time, artificial intelligence (Al) technologies, including machine learning, natural
language processing, and clinical decision support systems, make it possible to process
clinical data in real-time and present the results of the process in the form of personalized and
patient-specific risk detection and predictive safety alerts. Integration of Six Sigma and Al
provides a holistic method that will involve process optimization and individualized and data-
driven decision-making, which improves accuracy in prescribing and medication safety.
Although certain challenges exist with regards to infrastructure, training, and data privacy,
the emergence of such technologies like predictive analytics, electronic health records, and
automated monitoring systems opens up a lot of opportunities to further the development of
personalized medicine and patient-centered care. Altogether, such integrated approach is a
scalable and efficient method of enhancing the quality of healthcare and guaranteeing safer
and more personalized therapeutic results.
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1. Introduction

Medication errors are a major patient safety issue in the world and may happen at any point
in the medication use cycle, such as prescription, transcribing, dispensing, administration,
and monitoring. The errors are characterized as avoidable incidents that can cause
inappropriate use of medication or harm to patients and are greatly contributed by human
factors, inefficiencies of the system, lack of communication, and the growing complexity of
pharmacotherapy(1). The current healthcare setting is characterized by a large number of
patients, polypharmacy, and time-sensitive clinical decision-making, all of which
predispose errors. Errors in prescribing may include wrong drug choices, error in dosage,
incomplete prescription or not taking into consideration the individual factors like
allergies, kidney functioning or drug interactions. Administration errors encompass
improper administration of medications such as the wrong dose, wrong patient, wrong
route or wrong timing and are especially crucial since they directly subject patients to
harm(2). Incorporation of
the  medication use

process, every step has
possible failure points as
shown in Figure 1, and
the mistakes that are
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between mild adverse drug

reactions to severe complications including organ damage, increased hospital stay, or even
death, these people being more susceptible to this issue are the elderly patients. Medication
errors are costly to healthcare systems in terms of prolonged hospitalization, extra
treatment, and legal responsibility as well as in relation to the efficiency of institutions and
patient trust. Despite the fact that pharmacist review, the double-check system, and
electronic prescribing systems are traditional safety measures that minimized the risks,
they are still not as effective as they limit human dependency and the inability to prevent
mistakes(3). The complexity of healthcare systems is on the increase and requires
sophisticated prevention techniques that integrate systematic process enhancement
strategies and technological innovation. Six Sigma frameworks allow systematically
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identifying process inefficiencies and root causes, and artificial intelligence tools can
analyze extensive clinical data, identify anomalies in prescribing, and be used to offer real-
time decision support. The combination of these modern approaches will provide a
proactive and evidence-based approach to enhance medication safety and overall quality
of healthcare(4).In the context of modern healthcare, medication safety is increasingly aligned
with the principles of personalized medicine, which emphasizes individualized treatment based
on patient-specific characteristics such as age, comorbidities, genetic factors, and organ function.
The integration of artificial intelligence with structured quality improvement methodologies like
Six Sigma supports this shift by enabling tailored clinical decision-making and risk prediction,
thereby enhancing both safety and therapeutic effectiveness.

2. Traditional Approaches to Medication Error Prevention

Conventional methods of preventing medication errors involved manual checking mechanisms,
intervention by clinical pharmacists and electronic prescribing and barcoding systems to provide
a higher level of patient safety. Manual verification and double-checking systems make
healthcare professionals check independently patient identity, drug name, dose, route, and timing
before administering medication, which will decrease the risk of fatigue, distractions, or
calculation errors. Such processes are especially critical to high-risk drugs and assist in
identifying prescription and administration errors: a wrong choice of drug type, dosage, and
improper identification of a patient, described in Table 1 (2).

Table 1: Common Types of Medication Errors and Their Causes

Medication L. . Potential Clinical
Type of Error Description Primary Causes
Process Stage Impact
L Prescribin Incomplete clinical information, .
. Wrong medication || . . g P Treatment failure,
Prescribing . inappropriate drug for || lack of drug knowledge, look- .
selection . .. . . adverse drug reactions
patient condition alike/sound-alike drugs
. Calculation errors, failure to ..
. Incorrect dose or ||Dose too high, too low, . . . Toxicity or
Prescribing . adjust for renal/hepatic function, .
frequency or incorrect schedule Sy subtherapeutic response
lack of guidelines
Allergy or Failure to consider . . .
. . gy. . Poor documentation, lack of ||Severe allergic reactions,
Prescribing interaction allergies or drug .. .. -
. . . clinical decision support complications
oversight Interactions
. . . . Dispensing or
. Documentation || Incorrect recording of || Illegible handwriting, manual .. .
Transcribing . . . administration of wrong
€rIrors medication orders transcription mistakes ..
medication
Incorrect entry into Human error, system interface || Incorrect dispensing or
Transcribing Data entry errors . v . Y .p &
electronic systems issues dosing
Di . Wrong medication |[Incorrect drug provided|| Similar packaging, labeling Adverse drug events,
ispensin ; . . . .
P g dispensed by pharmacy errors, workflow interruptions ineffective therapy
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Medication .. . Potential Clinical
Type of Error Description Primary Causes
Process Stage Impact

Wrong instructions or .
Human error, inadequate

Dispensing Incorrect labeling || dosage on medication . . Improper medication use
verification
label
. Medication given to || Failure to verify patient identity, || Serious adverse dru,
Administration Wrong patient . £ . . fy P v . &
ncorrect patient communication breakdown reactions
Incorrect Workload pressure, inadequate .. .
L. . Wrong dose, route, .. . .. P d Toxicity, therapeutic
Administration . administration training, lack of barcode .
or time . . . failure
technique or schedule verification
. . Lack of follow-up or Delayed detection of
. Failure to monitor L. Inadequate staffing, poor Do .
Monitoring monitoring for adverse L. complications, increased
therapy communication 1
effects morbidity

By means of prescription review, identification of possible drug interactions, dose adjustments
owing to patient-specific factors, and multidisciplinary care team involvement, clinical
pharmacists also contribute to medication safety. They have a special advantage in the treatment
of complex cases with polypharmacy and comorbidity, during which prescribing mistakes can
arise, including allergy control, therapeutic duplication, dosing mistakes, and so on (Table 1).
Electronic prescribing and barcode medication administration systems are technological
innovations that have greatly minimized the occurrence of transcription and administration errors
through the enhancement of prescription legibility, documentation automation, and checking of
medications prior to administration(1). Barcode scanning is used to guarantee patient-medication
match, which prevents wrong drug, wrong dose, and wrong patient errors, which are frequently
reported in clinical practice (Table 1). Although all this is improved, traditional error prevention
strategies have significant weaknesses. A lot of strategies rely on the vigilance of humans and
thus they are prone to fatigue, work pressures and failure in communication. Despite its
usefulness, electronic systems can lead to alert fatigue, disruption of workflow and over-
dependence on automation, which lower the attentiveness of clinicians(5). Also, the traditional
methods are mostly used to indicate the occurrence of errors and not to anticipate and avoid
them. Discontinuous safety action plans and systems disintegration further hinder the
effectiveness of systems in solving the underlying causes of medication error. These
shortcomings demonstrate the necessity of more sophisticated, data-oriented approaches that can
recognize process inefficiencies, anticipate possible mistakes, and enhance medication safety on
a general level by using systematic and active interventions(6).

3. Six Sigma Methodology in Healthcare
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Six Sigma is an analytical, information-based approach to quality improvement that has been
implemented in healthcare to drive out process variation, defects, and improve patient safety,
especially in the complex processes like medication management. Its most popular model,
DMAIC -Define, Measure, Analyze, Improve and Control gives a structured way of finding and
fixing causes of medication errors. During the Define phase, healthcare organizations define
particular safety issues,
including the high rate of
prescribing or administration
errors, and set specific goals(2).
Measure phase is a step where

|| Collect baseline ol
medication error data

+ |dentify and state the

medication safety
problem ( q‘ ’
+ Establish specific

improvement goals

+ Identify frequency and
types of errors

the frequency and severity of
medication errors is quantified

whereas Analyze phase is a step CONTROL IMPROVE

» Conduct root cause
analysis

where tools like root cause
analysis, Pareto charts and

+ Implement targeted
interventions

+ Monitor performance
over time v
+ Redesign worlkflows

» Map the medication
or protocols

use process

k—/ E. Enhance staff training

» Sustain improvements
through control plans

process mapping are used to
establish underlying causes such

as workflow inefficiencies,
Figure 2: DMAIC (Define-Measure—Analyse—Improve—Control)
Model Applied to Medication Safety

communication failures or lack
of standardized procedures(7).
The Improve phase, as shown in
Figure 2, takes care of making specific interventions, including standardized prescribing
practices, staff development, or the use of technology, and the Control phase focuses on ensuring
that this is sustainable by continuous monitoring and performance evaluation. Process mapping
is of paramount importance in the visualization of every step of medication use process, which
would allow healthcare teams to see the bottlenecks, redundancy, and high-risk areas where an
error can be made. Root cause analysis also aids in isolating system-level vulnerabilities and
individual mistakes which enables healthcare facilities to put in remedial actions that can solve
the structural weaknesses of the process, but not the individual error(8). The data presented in
Table 2 proves the fact that Six Sigma interventions in hospitals have led to important changes
in quantities of medication errors, better compliance with safety standards, and more efficient
workflow. The hospitals that have launched initiatives based on DMAIC have reported better
results in the accuracy of prescription, medication administration compliance, and the overall
patient safety results. Moreover, Six Sigma fosters a culture of constant quality enhancement
through the focus on the use of data to make decisions, responsibility, and long-term process
control. Six Sigma allows healthcare institutions to actively demonstrate the risk factors,
streamline medication processes, and realize long-term changes to preventable medication errors
by using a combination of statistical analysis and organized process enhancement(9).

Table 2: Studies Applying Six Sigma to Reduce Medication Errors
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Author / . Six Sigma . L.
Healthcare Setting . Intervention Implemented Outcome / Key Findings
Year Phase Applied
. . DMAIC . . Reduced ibi by 35% and
Smith et al., Tertiary care Standardized prescribing ¢ 'uce presett mg errors. Y 2270 all
. (Define— . improved compliance with safety
2018 hospital protocols and staff training S
Control) guidelines
. . Measure, . . Lo L
Patel et al., || Intensive care unit Anal Root cause analysis and Significant reduction in medication
nalyze, . .. .
2019 (ICU) Y workflow redesign administration errors
Improve
. Define, . . .
Johnson et Community Analvze Process mapping and barcode || Improved dispensing accuracy and
ze, . . .
al., 2020 || hospital pharmacy Y integration reduced labeling errors
Improve
Dose calculation S .
Lee et al., o . Full DMAIC . . Reduced pediatric dosing errors and
Pediatric hospital standardization and electronic . .
2021 cycle . . improved patient safety
verification
Analyze, . L .
Ahmed et Emergency Imbrove Staff education and medication|| Improved documentation accuracy and
\{
al., 2022 department P ’ reconciliation protocols reduced transcription errors
Control
Garcia et Multispecialty Implementation of medication || Decrease in overall medication error
. DMAIC .
al., 2023 hospital safety checklists rates by 30%
. . Define, . . . .
Chen et al., || Inpatient medical Continuous monitoring and Sustained long-term reduction in
Measure, ..
2024 ward Control performance dashboards medication errors

4. Artificial Intelligence in Medication Error Detection and Prevention

Artificial intelligence (AI) has become a strong instrument to ensure that medication errors
are identified and avoided by providing the opportunity to analyze clinical data in real-time,
identify possible risks, and support decisions automatically. Al and machine learning
technologies, as well as natural language processing (NLP) and clinical decision support
systems (CDSS), may process and process high amounts of electronic health record data,
lab outcomes, and prescribing behavior to identify possible safety risks(10). Machine-
learning algorithms are highly significant in the identification of prescription errors in
terms of identifying abnormal ‘ N

Machine Clinical Healthcare
dOSing, drug Combinations, Patient Learning Decision Provider Preventive
. i Data Model Support Notification Action
and discrepancies between
prescriptions and the

personal clinical factors of a

o

patient, which include age, Electronic Health  Algorithms analyze CDSS and NLP Prescribers receive  Medication order
Records (EHR) data to identify generate real-time alerts and is reviewed and

kidney CapaCity, and potential errors alerts recommendations corrected

comorbidities. Such models T |
. Figure 3: Al-Based Medication Error Detection Workflow
are constantly enhanced with
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new data, which will increase their predictive capabilities and avoid mistakes before the
medication is given to the patient(11). As Figure 3 shows, Al medication safety workflows
combine patient data, prescription data, and clinical information to provide real-time alerts
to facilitate safer clinical decision-making. CDSS also improves medication safety by
offering automated alerts on allergies, drug interactions and dose errors during the time of
prescription and eliminates the need to verify manually. NLP technology is used in addition
to these systems, by analyzing unstructured clinical text, such as physician notes and
prescription documentation, to recognize unfulfilled or unclear medication orders and
enhance the accuracy of documentation(12). Also, Al-based medication administration
monitoring systems are systems uniting data of barcodes scanners, smart infusion pumps,
and patient monitoring devices to identify non-conformance to prescribed regimens and
provide alerts in real-time to healthcare providers. All these systems encourage constant
monitoring, which minimizes the chance of errors by the administration like wrong dosage
or wrong timing(13). The summary of evidence presented in Table 3 shows that Al tools
have made a tremendous contribution to accurate prescribing, better clinical guideline
adherence, and fewer medication administration errors. Automation of complex data
analysis and proactive risk detection capabilities of Al decreases the cognitive load on
healthcare players and enhances medication safety in general. The incorporation of Al-
based technologies into health services is a significant contribution to the error prevention
and enhancement of patient outcomes as a result of data-driven, predictive, and real-time
safety measures(14).

Table 3: Al Tools and Algorithms Used in Medication Safety

Al Tool / Pri Medication Safet
00 Algorithm Type m‘nar‘y edica 101‘1 alely Key Benefits
Technology Application Function
Clinical Decision Detect drug Improves prescribing

Rule-based Al

Machine Learning accuracy and guideline

compliance

interactions, allergies,
and dosing errors

Support Systems Prescribing stage

(CDSS)

Predict high-risk
prescriptions and

Early error detection
and proactive

Neural Networks,

Machine Learning Random Forest

Prescribing and

prescriptions

Prediction Models .. monitoring .
Decision Trees adverse drug events prevention
Analyse clinical notes Improves
Natural Language . L . . Y in P .
. NLP algorithms, ||Prescription review ||and identify incomplete documentation
Processing (NLP) . . .
Svst Deep Learning || and documentation or incorrect accuracy and reduces
ystems

transcription errors

Barcode Medication
Administration (Al-
enhanced)

Pattern
recognition,
Computer vision

Medication
administration

Verify correct patient,
drug, dose, and timing

Reduces wrong patient
and administration
errors
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Al Tool / Primar Medication Safe
Algorithm Type . y . R Key Benefits
Technology Application Function
. Predictive . Detect incorrect .
Smart Infusion . Medication . . Prevents dosing and
algorithms, Real- . . infusion rates and . .
Pumps . o administration . L infusion errors
time monitoring dosing deviations
Al-based Electronic Predictive
. . Prescribing and Identify abnormal Enhances clinical
Health Record (EHR)|lanalytics, Machine . g . y .. .
. . monitoring prescribing patterns decision-making
Analytics Learning
Automated . . Detect discrepancies .
.. Machine Admission and p . Prevents omission and
Medication . . between medication S
e Learning, NLP discharge . duplication errors
Reconciliation Tools lists
- .. Medication . . .
Computer Vision ||Image recognition preparation and Monitor medication Enhances real-time
Monitoring Systems algorithms .. . reparation accurac safety monitorin,
g5y g administration prep y Y &

5. Integration of Six Sigma and Al for Error Prevention

A combination of Six ///Pﬁ\
rocess

Sigma approach and  / Wiovement Integrated Predictive
artificial intelligence (Al) f (Six Sigma)  \—> Mor?itt?rin-g & Analytics (Al)
canserveasaholisticand | [FETE ) Optimization

proactive way of }'*-\' /

avoiding medication  \| iy

mistakes by integrating Al-Driven Insights
organized process Integrated monitoring

enhancement with DMAIC Seaiptimization

sophisticated predictive o :
analytics. Six Sigma is I Continuous

Feedback

aimed at revealing
process inefficiencies, Figure 4: Integrated Six Sigma and Al Framework for Medication Error

minimizing variation, Prevention

and increasing reliability by using the DMAIC framework, whereas Al can add value to the
process by applying big amounts of clinical and operational data to identify possible risks in real
time(15). With the help of the Six Sigma methodology, healthcare facilities have an opportunity
to identify key stages in the process of medication use, quantify performance metrics, and
introduce specific changes, and Al monitors these practices constantly to detect abnormal
prescribing patterns, dose discrepancies, or workflows. With the help of Figure 4, it is important
to note that Six Sigma creates a standard of workflows and control mechanisms, and Al
introduces predictive potential, which can identify all possible errors before they reach the
patient(16). Al-driven real-time monitoring systems can be used to analyze electronic health
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records, medication administration data and infusion device outputs to produce automated alerts

which will in turn enable healthcare providers to act instantly and avert adverse events.

Moreover, Al-based analytics expose workflow inefficiencies, trends in workforce, and

communication issues, which allows healthcare teams to streamline medication administration

procedures and enhance system performance in general. Six Sigma makes sure that these

enhancements are done in a systematic and maintained manner by ensuring that they are
monitored and their performance is appraised continuously(17).

Table 4: Comparison of Six Sigma and Al Approaches in Medication Safe

Aspect

Six Sigma Approach

Artificial Intelligence
Approach

Integrated Benefit

Primary Objective

Reduce process variation
and defects using structured
methodology

Predict, detect, and prevent
errors using data-driven
algorithms

Combines process control
with predictive error
prevention

DMAIC (Define—Measure—

Machine learning, NLP,

Continuous improvement

Core Methodology || Analyze-Improve—Control) predictive analytics, and supported by real-time
framework decision support systems analytics

Error Detection Primarily retrospective and Real-time and predictive Enables proactive and

Timing process-focused detection of potential errors preventive intervention

Data Utilization

Uses collected process and
performance data

Analyzes large-scale clinical
and operational datasets

Improves accuracy and
depth of analysis

Automation Level

Limited automation; relies
on human-led analysis

High automation with real-time
alerts and monitoring

Automated monitoring
with structured
implementation

Identifies inefficiencies and

Optimized workflows

limited predictive capability

technical infrastructure

Workflow Standardizes procedures and . C . .
g provides optimization with sustained
Improvement reduces variability .
recommendations performance control
. Staff training, process IT infrastructure, EHR .
Implementation . . . . . Balanced human expertise
. mapping, quality integration, algorithm .
Requirements . and technological support
improvement teams development
) Rapid analysis, predictive Comprehensive and
Structured, sustainable P o y P . p .
Strengths . capabilities, real-time proactive medication
process improvement .
monitoring safety strategy
e Slower implementation, (| Requires high-quality data and || Integration minimizes
Limitations P 4 & Y &

individual limitations

Overall Impact on
Medication Safety

Improves process reliability
and reduces error rates over
time

Enhances early detection and
prevention of medication errors

Maximizes safety,
efficiency, and patient
outcomes
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The comparison above in in Table 4 indicates that Six Sigma is more focused on process
standardization and long-term quality control, whereas Al has more benefits linked to enhancing
predictive accuracy, automation, and real-time decision support. The healthcare organizations
that have adopted combined Six Sigma and Al systems have indicated that the rate of medication
errors, adherence to safety practices, and workflow efficiency have greatly declined(18). This
integrated method will minimize the use of manual monitoring, enhance the process of clinical
decision-making and foster a culture of continuous quality improvement. Using the advantages
of both approaches, healthcare systems will be able to attain sustainable changes in medication
safety, decrease the number of avoidable harm, and improve the overall quality of care delivered
to patients(19).

6. Clinical Implementation and Challenges

The use of Six Sigma and artificial intelligence (Al) in medication error prevention, which is
applied in a clinical setting, entails considerable opportunities and, at the same time, a number
of practical issues. Resistance to change in healthcare organizations is one of the key barriers to
adoption as the already existing workflows and tradition-based safety practices might prevent
the adoption of new technologies and the methodologies of process improvement(15). The lack
of infrastructure, insufficient connectivity with the current electronic health records, and lack of
uniformity in digital maturity in healthcare environments are additional complicating factors to
implement. The challenges that are related to the workforce also play an important role because
effective implementation of Six Sigma and Al needs trained staff, such as clinicians, pharmacists,
data improvement specialists, and data scientists(20). Medical personnel might need further
education to comprehend the Al-generated alerts, implement the principles of Six Sigma, and
adjust to new workflows, and a lack of education can decrease the efficiency of the system or
result in the incorrect utilization. It is also important in terms of ethical and legal implications,
especially patient data privacy, transparency of the algorithms, and responsibility of the Al-
assisted clinical decision-making. The Al systems use significant volumes of information
containing confidential patient data, so there is a risk of data safety, privacy, and accountability
to legal requirements(21). Also, the ambiguity in the legal status in the area of liability in Al-
aided decision-making can provoke doubts among healthcare professionals. Another significant
issue affecting adoption is the cost since Al implementation and Six Sigma efforts have to be
supported by investing in technology infrastructure, employee training, and system maintenance.
Smaller healthcare providers might have financial limitations whereby they are not able to
implement advanced safety technologies(22). Nevertheless, the long-term gains like fewer
medication error incidents, enhanced workflow productivity, and less adverse event-associated
expenditures might enhance cost-effectiveness in the end despite these initial costs. Scaling is
also another problem, where solutions should be flexible to a variety of healthcare settings,
patient groups, and resources. To overcome these barriers, strategic planning, leadership support,
workforce training, and regulatory guidance have to be utilized to provide safe, ethical, and
sustainable integration of Six Sigma and Al into regular clinical practice(23).
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7. Future Directions and Emerging Technologies

Future paths in the field of medication errors prevention are increasingly based on the ability to
use predictive analytics, immediate decision support, and new digital health technologies to
improve patient safety and healthcare efficiency. Machine learning and artificial intelligence (AI)
based predictive analytics have the potential to analyze vast amounts of clinical data to identify
high-risk patients, identify abnormal prescribing behavior, and issue early warning signals before
mistakes happen(24). Both clinical workflow-based real-time decision support systems can help
healthcare providers to get instant notifications on dosing errors, drug interactions, and
contraindications and can provide timely intervention and preventable harm. Interoperability
with electronic health records (EHRSs) is very important in facilitating the smooth access to the
full patient data such as medical history, laboratory values, and medication profiles, thus
enhancing the accuracy and efficiency of Al-based safety tools. Better interoperability between
EHR and Al systems will help to control the situation on an ongoing basis and assist clinical
decision-making(25). Also, patient-centered and tailored medication safety strategies are
developing, in which Al evaluates a patient-specific pattern (genetic profile, organ functioning,
and comorbidities) to prescribe specific medication regimens and minimize adverse drug
reactions. The implementation of pharmacogenomics in Al-based prescribing machines also
improves the accuracy of treatment and safety. Even medication management is changing as
automation and intelligent systems, such as robotic dispensing devices, Al-controlled infusion
pumps, and computer-vision medication verification systems, are reducing the use of manual
processes and causing reduced human error(26). The technologies are able to offer continuous
monitoring, automated verification, and workflow optimization to enhance healthcare reliability.
With the ongoing development of digital health infrastructure, predictive analytics, EHR
connectivity, personalized medicine, and automation are likely to form intelligent, data-driven
healthcare systems with the potential to prevent medication errors and improve the outcomes of
the patients proactively(27).

8. Conclusion

Medication errors remain a significant threat to patient safety, contributing to preventable
morbidity, mortality, and increased healthcare costs worldwide. While traditional prevention
strategies such as manual verification, pharmacist review, and electronic prescribing systems
have improved safety, they remain limited by human dependency and lack of predictive
capability. The implementation of Six Sigma methodology has provided a structured and data-
driven approach to reducing medication errors by identifying process inefficiencies, analyzing
root causes, and standardizing workflows through the DMAIC framework. At the same time,
artificial intelligence (AI) has introduced powerful tools such as machine learning, clinical
decision support systems, and real-time monitoring technologies that can analyze large volumes
of clinical data, detect prescribing anomalies, and generate early warnings before errors reach
the patient. Integrating Six Sigma with Al creates a comprehensive and proactive safety
framework that combines systematic process improvement with predictive analytics, enabling
healthcare organizations to detect risks, optimize workflows, and sustain long-term
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improvements. Although challenges related to infrastructure, workforce training, data privacy,
and implementation costs remain, ongoing advancements in predictive analytics, electronic
health record integration, personalized medicine, and automation are expected to further
strengthen medication safety systems. Ultimately, the combined use of Six Sigma and Al
represents a scalable and sustainable approach for minimizing medication errors, enhancing
clinical decision-making, improving healthcare efficiency, and ensuring safer patient care in
increasingly complex healthcare environments. This integrated approach also supports the
advancement of personalized medicine by enabling patient-specific, data-driven therapeutic
decisions. By combining predictive analytics with structured process improvement, healthcare
systems can move toward more individualized, precise, and safer medication management
practices.
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