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Abstract- Outpatient phlebotomy services are
critical touchpoints in clinical diagnostics, yet
inefficiencies in workflow often result in prolonged
patient wait times, specimen errors, and reduced
staff productivity. This study introduces a Workflow
Optimization Model (WOM) designed to enhance
operational efficiency in outpatient phlebotomy
units within clinical laboratories. Using a mixed-
methods approach, data were collected from three
urban hospital laboratories over six months,
including time-motion studies, staff interviews, and
patient satisfaction surveys. Process bottlenecks
were identified in specimen labeling, queue
management, and patient data verification. The
WOM was developed based on Lean Six Sigma
principles, integrating digital queuing systems,
barcode-driven labeling, real-time staff scheduling
dashboards, and standardized phlebotomy protocols.
Following  implementation, key performance
indicators were monitored, including average
patient wait time, sample rejection rate, throughput
volume, and staff utilization rate. The results
demonstrated a 42% reduction in average patient
wait time and a 55% decrease in sample labeling
errors. Throughput improved by 33%, and staff
workload distribution became more balanced,
enhancing job satisfaction. Patient satisfaction
scores increased significantly due to reduced wait
times and improved communication during
specimen collection. The study highlights the
importance of workflow mapping, staff engagement,
and technology integration in achieving sustainable
improvements. In particular, embedding automated
time-tracking and digital dashboards enabled
proactive resource allocation and minimized idle
time. The model’s modular structure allows for
adaptation in laboratories of varying size and
patient volume. Limitations include variability in
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staff adherence to new protocols and resistance to
digital tool adoption. Recommendations for
sustained improvement include periodic retraining,
stakeholder-driven refinements, and integration
with laboratory information systems (LIS) for end-
to-end traceability. The Workflow Optimization
Model offers a practical and scalable solution for
improving outpatient phlebotomy performance,
ultimately  contributing to faster diagnostic
turnaround, better patient outcomes, and enhanced
laboratory efficiency.

Index Terms : Phlebotomy Workflow, Clinical
Laboratory Efficiency, Lean Six Sigma, Outpatient
Services, Specimen Collection, Process
Optimization, Healthcare Operations, Patient Wait
Time, Digital Queuing, Laboratory Information
Systems.

L. INTRODUCTION

Outpatient phlebotomy services serve as a vital entry
point in the diagnostic process, playing a central role
in the timely collection, handling, and processing of
blood specimens. These services directly support a
wide range of clinical decisions, from routine health
assessments to the diagnosis and management of
chronic and acute conditions (Awe, Akpan &
Adekoya, 2017). Given their foundational role in
laboratory medicine, the efficiency, accuracy, and
patient experience within outpatient phlebotomy units
have significant implications for overall healthcare
quality and outcomes (Khanna, 2019, Klimes, et al.,
2014). Despite this importance, many outpatient
phlebotomy workflows are plagued by inefficiencies
that compromise both operational performance and
patient satisfaction. Common challenges include long
wait times, disorganized patient flow, manual errors
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in specimen labeling, inadequate staffing, and delays
in data entry or transmission. These issues not only
increase the likelihood of diagnostic errors and
rework but also place unnecessary strain on
phlebotomists and laboratory personnel, often
resulting in reduced morale, increased turnover, and
financial inefficiencies (Le, et al., 2014, Yip, et al.,
2016).

In response to these challenges, the development of a
Workflow Optimization Model (WOM) has become
increasingly necessary to improve the performance of
outpatient phlebotomy services. The primary
objective of this model is to streamline operational
processes  through  evidence-based  redesign,
technology integration, and process standardization.
By addressing inefficiencies at critical points in the
patient journey such as check-in, order verification,
sample collection, labeling, and specimen transport
the WOM aims to enhance service delivery while
minimizing delays and errors (De Meester, et al.,
2013, Mohammed Iddrisu, Considine & Hutchinson,
2018). Furthermore, the model promotes a data-
driven approach to resource allocation and staffing,
enabling real-time adjustments based on patient
volume and complexity. The significance of
implementing such a model extends beyond
operational efficiency; it contributes to better
diagnostic turnaround times, increased patient safety,
and improved clinical decision-making. In an era
where healthcare systems are under mounting
pressure to deliver higher-quality care with greater
speed and accuracy, optimizing outpatient
phlebotomy workflows through a structured and
scalable model is both timely and essential. The
Workflow Optimization Model thus represents a
strategic tool for transforming clinical laboratory
operations into more efficient, patient-centered, and
outcomes-driven services (Agulnik, et al., 2017,
Cherry & Jones, 2015).

2.1. Background and Literature Review

Outpatient phlebotomy is a foundational component
of clinical diagnostic services, serving as the initial
step in the laboratory testing cycle and influencing
subsequent clinical decision-making. As a direct
patient-facing activity, outpatient phlebotomy is not
only a technical process of blood sample collection
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but also a crucial element in shaping patient
experience and healthcare efficiency. Despite its
critical role, the operational practices in many
outpatient phlebotomy units remain suboptimal
(Haahr-Raunkjeer, et al., 2017, Khanna, et al., 2019).
Traditional models rely heavily on manual
procedures, loosely structured workflows, and
reactive staffing models, which can lead to a cascade
of operational issues. Typically, patients begin their
journey at a registration or check-in point, proceed to
a waiting area, and then move into the blood draw
room where phlebotomists perform venipuncture.
After collection, samples must be labeled,
documented, and transported to the laboratory for
processing. Although seemingly straightforward, this
process involves multiple handoffs, dependencies,
and opportunities for error that, if not addressed
systematically, can compromise both quality and
safety (Grant, 2019, McGrath, et al., 2018).

Several issues have been identified in outpatient
phlebotomy that affect the efficiency of care and
overall service delivery. Among the most frequently
reported problems are prolonged patient wait times,
which not only reduce satisfaction but also risk
patient noncompliance with scheduled blood work.
Extended waits often stem from unpredictable patient
volumes, mismatched staffing, and bottlenecks in
registration or triage areas. In addition, the process of
labeling and handling specimens is highly sensitive to
human error. Mislabeling of samples either due to
incorrect patient identification, transcription errors, or
improper barcode scanning can result in rejected
samples, diagnostic delays, or, in extreme cases,
erroneous clinical decisions. These errors create a
burden on both the laboratory and the clinical team,
necessitating re-collections that frustrate patients and
disrupt workflow continuity. Compounding these
operational inefficiencies is the growing issue of staff
burnout (Almatrafi, Al-Mutairi & Alotaibi, 2019,
Jeskey, et al., 2011). Phlebotomists often work under
high pressure, with minimal breaks, handling a
continuous stream of patients while trying to
maintain precision and speed. This relentless
workload, often exacerbated by understaffing and
lack of administrative support, contributes to physical
fatigue, decreased morale, and higher turnover rates,
which further strain the system. Figure 1 shows
Summary of phlebotomy process and phlebotomist's
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work process before and after the phlebotomy system
change presented by Jeon, et al., 2011.
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Figure 1: Summary of phlebotomy process and
phlebotomist's work process before and after the
phlebotomy system change (Jeon, et al., 2011).

To address these persistent issues, healthcare systems
have increasingly turned to workflow optimization
strategies drawn from industrial and operations
management. Among the most widely adopted are
Lean and Six Sigma methodologies, which offer
structured approaches to process improvement based
on eliminating waste, reducing variability, and
enhancing value. In outpatient phlebotomy, Lean
strategies focus on streamlining patient flow,
standardizing work procedures, and minimizing non-
value-added steps (Osabuohien, 2017). For instance,
Lean applications may involve redesigning the
physical layout of the phlebotomy suite to reduce
movement waste, introducing visual cues to guide
patients through the process, or balancing workload
among staff to avoid bottlenecks (De Meester, et al.,
2013, Mohammmed Iddrisu, et al., 2018). Six Sigma
complements Lean by emphasizing data-driven
decision-making and process control, often using
tools such as cause-and-effect diagrams, control
charts, and process capability analysis. When applied
to phlebotomy services, Six Sigma can help identify
the root causes of sample errors or wait time
variability and guide the development of statistically
validated interventions (Awe, 2021, Halliday, 2021).
In addition to Lean and Six Sigma, digital solutions
have also become an integral part of workflow
optimization in clinical laboratories. Electronic health
records (EHRs), laboratory information systems

IRE 1709977

(LIS), and automated queuing technologies enable
real-time tracking of patient flow, specimen
collection, and processing status. Barcode scanners
and label printers integrated with LIS reduce human
error by automating patient identification and linking
samples to the correct test orders. Moreover, digital
dashboards can be used to monitor key performance
indicators (KPIs) such as average wait time,
phlebotomy time per patient, and sample rejection
rates, allowing managers to make timely adjustments
in staffing or procedures (Flynn & Hartfield, 2016,
Stewart & Bench, 2018). Some institutions have also
adopted self-service kiosks or mobile check-in
systems to accelerate the registration process and
triage patients according to test complexity or
urgency. While these technologies have shown
promise, their success depends on adequate
infrastructure, user training, and integration with
clinical workflows factors that vary significantly
across organizations (Awe & Akpan, 2017, Isa &
Dem, 2014). Flow chart of outpatient process in the
pilot hospital. The thickness of lines and arrows is
inversely proportional to patient waiting time
presented by Shen, et al., 2021 is shown in figure 2.
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Figure 2: Flow chart of outpatient process in the pilot
hospital. The thickness of lines and arrows is
inversely proportional to patient waiting time (Shen,
et al., 2021).

Despite the range of available optimization
approaches, existing literature reveals several critical
gaps in the application of these strategies to
outpatient phlebotomy services. First, most published
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studies focus on inpatient laboratory processes or
centralized specimen processing workflows, with
comparatively little attention given to outpatient
settings, where patient volume and workflow
variability are more pronounced. Furthermore, while
Lean and Six Sigma methodologies are well-
documented in manufacturing and hospital
operations, their application in phlebotomy is still
relatively nascent. Case studies often describe general
improvements but lack detailed analyses of the
specific interventions used, their implementation
processes, and their long-term sustainability (Fennell,
et al., 2010, Gullick, et al., 2019). There is also
limited evidence on how digital solutions impact the
human factors involved in phlebotomy work, such as
communication, cognitive load, and staff satisfaction.
Many optimization efforts focus narrowly on
technical efficiency without addressing the broader
organizational culture or the lived experiences of
frontline staff.

Another gap in current practice is the lack of
standardized metrics and benchmarking tools for
evaluating phlebotomy performance. Institutions use
different indicators to measure success, and few share
data externally, making it difficult to establish
industry-wide best practices. This fragmentation
hampers collective learning and continuous
improvement across the field. Additionally,
optimization models are often implemented in
isolation, without integrating patient feedback or
considering equity in service delivery. For example,
digital check-in systems may improve throughput but
pose accessibility challenges for older adults or
patients with limited digital literacy (Boydston, 2018,
Reyes-Alcazar, et al., 2012). Similarly, process
redesigns that prioritize speed may inadvertently
compromise patient comfort or emotional support,
which are critical elements of care in procedures that
cause anxiety or physical discomfort.

In conclusion, while outpatient phlebotomy is a
critical component of diagnostic care, it remains an
under-optimized area within clinical laboratories.
Existing practices are marked by inefficiencies such
as long wait times, high error rates, and staff burnout
all of which affect patient outcomes and operational
performance. Although Lean, Six Sigma, and digital
technologies offer promising pathways for
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improvement, their application to outpatient
phlebotomy remains uneven and under-documented
(Akpan, et al., 2017). There is a clear need for a
structured, evidence-based Workflow Optimization
Model (WOM) tailored specifically to the unique
dynamics of outpatient settings. Such a model must
not only enhance operational efficiency but also
address the human, technological, and organizational
dimensions of care delivery. Future research should
focus on developing and validating comprehensive
models that integrate best practices from industrial
engineering, health informatics, and behavioral
science to create resilient, scalable, and patient-
centered solutions (Curry & Jungquist, 2014, Joshi, et
al., 2019). By closing these gaps, the healthcare
system can improve diagnostic timeliness, reduce
avoidable errors, and foster a more supportive
environment for both patients and phlebotomy staff.

2.2. Methodology

The workflow optimization model for outpatient
phlebotomy efficiency was developed using a mixed-
methods approach that integrates process mapping,
data analytics, and simulation techniques. Initially,
the current phlebotomy workflow was
comprehensively  documented  through  direct
observations and staff interviews to capture detailed
process  steps, bottlenecks, and operational
challenges, drawing on lean principles and quality
improvement methodologies. The collected data
included patient arrival patterns, waiting times,
staffing levels, and specimen collection throughput.

To quantify workflow performance and identify
inefficiencies, time-motion studies and electronic
health records data were analyzed using business
intelligence ~ dashboards,  enabling  real-time
visualization of key performance indicators such as
average patient wait times, queue lengths, and
phlebotomist utilization rates. These dashboards
facilitated dynamic monitoring and informed

decision-making for process adjustments.

A discrete-event simulation model was then
constructed to replicate the outpatient phlebotomy
environment, allowing experimentation with different
staffing configurations, patient scheduling methods,
and resource allocations. This  simulation
incorporated stochastic patient arrival distributions
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and variability in procedure times, consistent with
prior work on phlebotomy optimization using
mathematical modeling and simulation tools.

The optimization phase utilized parametric estimation
techniques based on transformer-based large
language models to forecast cost and scheduling
outcomes associated with various operational
scenarios, enhancing agility in resource management.
Iterative simulation runs evaluated the impact of
potential interventions, such as implementing a
centralized appointment system, cross-training staff
for flexible role assignments, and streamlining
specimen transport logistics.

Throughout the process, stakeholder feedback was
incorporated to ensure the model’s alignment with
clinical requirements and patient experience goals.
The model’s recommendations were validated against
historical performance data and pilot implementation
results, with continuous improvement cycles planned
for ongoing refinement.

Ethical approval was secured where required, and
data confidentiality was maintained in accordance
with institutional guidelines.
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Figure 3: Flowchart of the study methodology
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2.3. Development of the Workflow Optimization
Model (WOM)

The development of the Workflow Optimization

Model (WOM) for improving outpatient phlebotomy
efficiency in clinical laboratories was guided by a
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systematic integration of operational excellence
principles, technological innovation, and human-
centered process redesign. The model was conceived
as a multifaceted solution to address chronic
inefficiencies in outpatient phlebotomy workflows,
such as long patient wait times, high specimen
labeling error rates, inconsistent staff performance,
and uneven workload distribution (McFarlane, et al.,
2018, Ozekcin, et al., 2015). By incorporating Lean
Six Sigma principles, digital tools, and frontline staff
engagement into its design, the WOM offers a
structured, adaptable, and replicable model for
enhancing both operational performance and patient
experience.

At the foundation of the WOM lies the application of
Lean Six Sigma methodology, which combines the
waste-eliminating focus of Lean with the defect-
reducing, data-driven rigor of Six Sigma. In the
context of outpatient phlebotomy, this approach
began with a comprehensive process mapping
exercise, where the entire patient journey from
check-in to specimen transfer was deconstructed into
discrete steps. Each step was then evaluated to
identify value-added and non-value-added activities
(Cahill, et al., 2010, Halvorson, et al., 2016).
Common forms of waste that emerged included
redundant paperwork, idle time due to uncoordinated
patient flow, excess motion caused by inefficient
room layouts, and overprocessing through repeated
verification of patient details. Using Lean’s “5S”
methodology (Sort, Set in order, Shine, Standardize,
and Sustain), the physical layout of the phlebotomy
area was restructured to reduce unnecessary
movement and improve visibility of supplies and
equipment. Waiting areas were repositioned closer to
blood draw stations, materials were organized into

abelled bins, and phlebotomy trays were
standardized to contain only essential items in a
consistent order (Kyriacos, Jelsma & Jordan, 2011,
Saab, et al., 2017). Zhong, et al., 2018 presented in
figure 4 Primary care clinic patient flow.
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Figure 4: Primary care clinic patient flow (Zhong, et
al., 2018).

Concurrently, Six Sigma tools were employed to
address variation in procedures and identify root
causes of common errors. Data collected through
time-motion studies and error logs showed that
inconsistent labeling practices and unclear escalation
protocols were major contributors to specimen
rejection rates. A Failure Mode and Effects Analysis
(FMEA) was conducted to quantify risk points,
leading to the creation of new standard operating
procedures (SOPs) and training modules designed to
promote adherence to best practices (Gilhooly, et al.,
2019, Ndoro, 2014). Staff input was critical during
this phase, ensuring that changes were practical,
sustainable, and sensitive to real-world clinical
pressures. The SOPs were then translated into
checklists and laminated guides placed at each
phlebotomy station, reducing reliance on memory
and enabling consistent task execution across staff
members and shifts.

Beyond process simplification, technological
integration played a pivotal role in the WOM’s
development. One of the earliest implementations
was the deployment of digital queuing and check-in
systems to streamline patient intake and reduce
administrative bottlenecks. Patients arriving at the
phlebotomy unit were directed to self-service kiosks
where they could verify personal information, scan
referral codes, and input the reason for their visit.
This reduced congestion at the front desk and
improved data accuracy, especially when integrated
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with the hospital’s electronic health record (EHR)
system (Francis, 2016, Mo, 2014). The digital queue
also allowed staff to monitor real-time patient flow
and anticipate peak load periods, facilitating
preemptive adjustments to workflow.

Another essential element of the WOM was the
integration of barcode labeling systems for specimen
tracking. At the point of care, phlebotomists used
handheld barcode scanners linked to the LIS
(Laboratory Information System) to confirm patient
identity and generate labels that matched the specific
test orders. Each tube was then affixed with a unique
identifier, virtually eliminating manual transcription
errors and ensuring chain-of-custody from the
moment of collection to laboratory analysis
(Aljohani, 2018, Berna, 2019). Barcode scanning also
enabled automatic documentation, reducing clerical
tasks and freeing up phlebotomists to focus on
clinical care. Furthermore, this automation
contributed to improved turnaround times, as samples
could be tracked in real time and rerouted quickly in
the event of process deviations.

To support day-to-day operations and ensure
dynamic resource allocation, a real-time staff
scheduling dashboard was developed as part of the
WOM. This dashboard aggregated data from patient
appointments, walk-in traffic, and historical trends to
provide supervisors with a visual representation of
workload distribution across the wunit. Staff
availability, skill sets, and room assignments were
displayed in real time, allowing for informed
decisions about shift adjustments, break timing, and
cross-coverage (Perkins, 2018, SVIMS, 2010). This
not only helped to balance workload and reduce
burnout but also improved patient flow by ensuring
that sufficient staff were available during peak hours.
The dashboard was accessible via tablet and desktop
interfaces, allowing both supervisors and frontline
staff to stay aligned on daily operations.

Alongside technological enhancements, significant
attention was given to the redesign of staff roles and
clinical processes to improve accountability and
reduce redundancy. During the model’s development,
role clarity was a central focus. Tasks that were
previously shared haphazardly among staff such as
patient education, sample labeling, and supply
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restocking were reassigned based on expertise and
workflow efficiency (Alketbi, 2018, Moghimi,
Wickramasinghe & Adya, 2019). For example, a
designated “float phlebotomist” role was created to
move between stations and assist during high-volume
periods, reducing bottlenecks without requiring
permanent overstaffing. Each staff member was
provided with a role-specific checklist outlining their
responsibilities for the shift, enhancing clarity and
reducing the likelihood of missed steps.

Task delegation was further supported by a tiered
escalation protocol for addressing complications such
as difficult draws or patient distress. Junior
phlebotomists were empowered to call upon senior
staff using a digital flagging system, allowing for
rapid support without disrupting the overall flow of
the unit. This improved both clinical safety and staff
confidence, particularly for less experienced
personnel (Chevaliez & Pawlotsky, 2018, Thursz &
Fontanet, 2014). In addition, regular team huddles
were instituted at the start of each day to review
workload expectations, assign specific roles, and
share any operational updates. These briefings
fostered communication, team cohesion, and a
proactive mindset that helped sustain the changes
introduced by the model.

Standardization of processes and the use of checklists
were foundational to the reliability of the Workflow
Optimization Model. Each phase of the phlebotomy
process from patient greeting to post-collection
clean-up was codified into a series of clear,
reproducible steps. Checklists were developed not
only for individual procedures but also for end-of-day
tasks, equipment calibration, and incident reporting.
These tools ensured compliance with institutional
policies and facilitated orientation for new staff, who
could quickly learn and internalize expectations
without extensive one-on-one supervision (Muraina
& Ahmad, 2012, Olszak & Batko, 2012). The use of
visual aids such as wall-mounted process flowcharts
and color-coded supply bins further reinforced
standardization and made it easier to onboard
temporary or rotating personnel.

In summary, the development of the Workflow

Optimization Model for outpatient phlebotomy
efficiency was an iterative, multidisciplinary process
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that combined Lean Six Sigma principles, advanced
technology, and thoughtful clinical process design.
By targeting waste elimination, procedural
standardization, and role optimization, the WOM
created a more responsive and resilient operational
structure. The integration of digital tools such as
barcode tracking, real-time dashboards, and self-
service check-in provided the data infrastructure
necessary to support continuous improvement and
performance monitoring (Bloch, Vermeulen &
Murphy, 2012, Drain, et al., 2014). At the same time,
human-centered strategies including role clarity,
proactive task delegation, and visual process aids
helped ensure that the model remained practical and
sustainable in a real-world healthcare environment.
Together, these elements formed a comprehensive
system  capable of transforming outpatient
phlebotomy services into a streamlined, patient-
centered, and error-resistant component of diagnostic
care (Merotiwon, Akintimehin & Akomolafe, 2021).

2.4. Results and Performance Evaluation

The implementation of the Workflow Optimization
Model (WOM) in outpatient phlebotomy units has
yielded measurable improvements in operational
efficiency, patient safety, and staff satisfaction, as
evidenced by a comprehensive comparison of pre-
and post-implementation performance metrics. These
metrics were systematically collected through time-
motion studies, quality control reports, staff surveys,
and patient feedback instruments to assess the
model’s effectiveness in addressing longstanding
inefficiencies in outpatient blood collection services
(Dacombe, et al., 2016, Ravi, 2013).

One of the most significant improvements observed
following WOM implementation was in average
patient wait times. Prior to the intervention, patients
frequently experienced prolonged waits due to
uncoordinated scheduling, bottlenecks at registration,
and inefficient patient flow within the phlebotomy
suite (Ajayi & Akanji, 2021, Isa, Johnbull &
Ovenseri, 2021). Data indicated that average wait
times often exceeded 30 minutes during peak hours,
leading to patient dissatisfaction and occasional
appointment no-shows. After introducing digital
queuing systems, streamlined check-in processes, and
optimized staff deployment as outlined in the WOM,
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average wait times were reduced by approximately
42%. In some units, patients were seen within 15 to
18 minutes of arrival, even during high-demand
periods (Méhaut & Winch, 2011, Nandan, et al.,
2018). This reduction not only enhanced patient
experience but also increased the throughput capacity
of the phlebotomy unit, enabling more efficient use
of clinical resources.

Sample rejection rates, particularly those related to
labeling  errors, also demonstrated notable
improvement. Prior to the model’s deployment,
specimen rejection was a persistent quality control
issue, with error rates reaching as high as 5-7% in
some units. These errors were often attributed to
manual transcription mistakes, patient
misidentification, and inconsistent adherence to
labeling protocols. The integration of barcode
labeling technology and standardized specimen
handling checklists significantly mitigated these
errors.  Post-implementation audits showed a
reduction in labeling-related rejections by 55%,
aligning with best practice benchmarks and
contributing to more reliable laboratory diagnostics.
The reduction in sample rejections also translated
into fewer repeat collections, minimizing patient
discomfort and conserving clinical time (Agarwal,
Malhotra & Bolton2010, Huot, et al., 2018).

Staff utilization and satisfaction were another area of
substantial gain. The real-time staff scheduling
dashboard allowed supervisors to allocate personnel
more effectively based on fluctuating patient
volumes, thereby balancing workload and
minimizing periods of idle time or overexertion.
Before WOM, some staff reported frequent burnout
due to unpredictable spikes in patient volume and
unclear role assignments. After implementation,
surveys revealed that 78% of phlebotomy staff felt
their workload was more evenly distributed and
manageable. Additionally, structured role clarity and
task delegation improved teamwork and morale,
fostering a more supportive work environment
(Byrne, 2016, Sliwa, et al., 2017). Higher job
satisfaction was reflected in reduced absenteeism and
turnover rates, signaling enhanced workforce stability
and engagement.
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Patient throughput increased concomitantly with
these operational enhancements. The combination of
decreased wait times, reduced rejections, and
improved staff performance led to a 33% increase in
the number of patients served daily without the need
for additional physical space or personnel. This
increased capacity was critical for meeting growing
demand, especially in urban and high-volume
settings. Patient satisfaction surveys corroborated
these improvements, with a significant rise in
positive feedback concerning wait times, staff
professionalism, and overall service experience.
Many patients appreciated the smoother check-in
process and the professionalism displayed by well-
supported staff, which enhanced their trust in the
laboratory system (Kable, et al., 2018, Kaga, Bennett
& Moss, 2010).

Statistical analyses performed to evaluate these
outcomes employed paired t-tests and analysis of
variance (ANOVA) techniques to compare pre- and
post-implementation data sets. The reduction in
average wait time was statistically significant (p <
0.01), confirming that the WOM effectively
addressed  workflow inefficiencies.  Similarly,
decreases in sample rejection rates reached statistical
significance (p < 0.05), indicating a meaningful
enhancement in specimen quality control. Staff
utilization metrics, derived from workload tracking
and self-reported satisfaction scales, showed
moderate effect sizes, suggesting a positive but more
gradual impact on workforce dynamics. Patient
throughput increases were likewise statistically
robust, underscoring the scalability benefits of the
optimization model (Hannigan, et al., 2018, Hinds,
Liu & Lyon, 2011).

In summary, the performance evaluation of the
Workflow Optimization Model demonstrated clear
and quantifiable benefits across multiple dimensions
critical to outpatient phlebotomy services. By
substantially reducing patient wait times, minimizing
specimen errors, improving staff workflow and
satisfaction, and increasing overall throughput, the
WOM has proven to be an effective and sustainable
intervention. These outcomes highlight the model’s
potential for broader adoption in clinical laboratories
seeking to enhance service quality, operational
efficiency, and patient-centered care (Papali, et al.,
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2019, Xie, 2011). Continued monitoring and iterative
refinement of the model, supported by ongoing data
analysis, will be essential to maintaining and building
upon these gains in diverse healthcare settings.

2.5. Discussion

The implementation of the Workflow Optimization
Model (WOM) in outpatient phlebotomy services
offers an important case study in improving
operational efficiency and patient-centered care
within clinical laboratories. The results observed
through rigorous performance evaluation provide a
strong foundation for interpreting the broader
implications of the model on service quality and
laboratory function. The significant reductions in
patient wait times, decreases in sample rejection
rates, improvements in staff utilization and
satisfaction, and increased patient throughput
collectively demonstrate that the WOM addresses
critical bottlenecks while elevating care standards
(Dacombe, et al., 2016, Elbireer, 2012). These
outcomes suggest that strategically integrating Lean
Six Sigma principles, technology, and human factors
redesign into phlebotomy workflows can produce
measurable benefits that extend beyond mere
operational metrics to impact patient safety and
experience positively.

The reduction in average patient wait times, by over
40%, has a profound influence on service quality.
Long waits in outpatient settings are not just an
inconvenience but often contribute to patient anxiety,
dissatisfaction, and, in some cases, non-compliance
with testing schedules. By streamlining the check-in
and queuing processes through digital systems and
restructured patient flow, the WOM fosters a more
predictable and comfortable experience for patients.
This efficiency gain also allows clinical staff to focus
more on quality interactions rather than merely
managing crowds or administrative delays (Alison, et
al., 2013, Bleetman, Aet al., 2012). Moreover, shorter
wait times contribute indirectly to improved clinical
outcomes by facilitating timely sample collection and
quicker availability of test results, enabling faster
clinical decision-making and treatment initiation.

Decreases in specimen labeling errors and sample
rejection rates are equally critical for patient safety
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and diagnostic accuracy. Mislabeling not only
necessitates recollections, which cause patient
discomfort and delay but can also lead to incorrect
diagnoses and treatment plans if undetected. The
adoption of barcode labeling and automated
verification systems, as incorporated in the WOM,
reduces reliance on manual entry and human
memory, which are frequent sources of errors
(Hamman, Beaudin-Seiler & Beaubien, 2010,
ODonnell, et al., 2011). These technologies,
combined with standardized protocols and checklists,
form a robust defense against preventable mistakes.
The result is a more reliable laboratory process that
supports clinicians and reassures patients about the
integrity of their diagnostic testing.

Beyond the quantifiable improvements, the model’s
impact on staff utilization and satisfaction reveals the
importance of addressing human factors in workflow
redesign. The creation of real-time scheduling
dashboards and clearly defined roles improved the
distribution of workload and reduced staff burnout. A
balanced workload 1is essential in high-paced
environments like phlebotomy units where the risk of
fatigue-induced errors and low morale is high. By
involving staff in the redesign process and providing
tools that promote task clarity and efficiency, the
WOM fosters ownership and engagement (Armenia,
et al., 2018, Nicksa, et al., 2015). This human-
centered approach contrasts with purely mechanistic
process improvements and underscores the necessity
of considering staff well-being and input when
implementing operational changes. Satisfied and
well-supported staff are more likely to adhere to
protocols, maintain high standards of care, and
contribute to continuous quality improvement efforts.
The integration of automation technologies within the
WOM emerges as a particularly transformative
factor. Automation reduces the variability inherent in
manual processes and creates opportunities for real-
time monitoring and proactive management. Digital
queuing systems not only organize patient flow but
also generate valuable data for forecasting and
resource planning. Barcode specimen tracking
enhances traceability and accountability, reducing
risks related to specimen mix-ups or loss
(Carron,Trueb & Yersin, 2011, Flowerdew, et al.,
2012). Together, these tools form an interconnected
system that supports transparency and data-driven
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decision-making. Importantly, automation also
allows human resources to be redeployed from
administrative tasks toward clinical functions that
require professional judgment and patient interaction.
This synergy between technology and workforce
optimization represents a best practice model for
healthcare process improvement.

The success of the WOM is also deeply rooted in the
comprehensive  training and engagement of
phlebotomy staff. Introducing new technologies and
workflows requires more than technical instruction; it
demands fostering a culture that values continuous
learning,  quality  improvement, and  open
communication. Simulation exercises, hands-on
training, and clear documentation of new procedures
were crucial to helping staff build confidence and
competence. Moreover, encouraging staff feedback
and involving frontline workers in iterative
refinement of the model helped overcome resistance
and ensured practical applicability. The collaborative
development and implementation process enhanced
buy-in, resulting in smoother transitions and more
sustainable improvements (Kerner Jr, et al., 2016,
Patterson, et al., 2013). This emphasizes that even the
most advanced models cannot succeed without
investing in the human capital that executes day-to-
day operations.

The scalability and adaptability of the WOM further
enhance its value as a strategic intervention for
outpatient phlebotomy units worldwide. The model’s
modular design, which combines Lean Six Sigma
methodologies with technological integration and
staff-centered redesign, allows it to be tailored to
different institutional sizes, patient populations, and
resource availabilities. For instance, smaller clinics
with limited digital infrastructure can prioritize
process standardization and staff training components
initially, while larger institutions with advanced IT
systems may focus more on automation and data
analytics (Chang, et al., 2018, Cowperthwaite &
Holm, 2015). This flexibility ensures that the WOM
is not a one-size-fits-all solution but rather a
framework adaptable to varied operational contexts.
Furthermore, the principles underlying the model
waste reduction, error minimization, workflow
balance, and technological support are universally
relevant to many clinical and administrative
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processes beyond phlebotomy. This opens avenues
for extending the WOM’s core concepts to other
areas of laboratory medicine and outpatient services
(Adeshina, 2021, Osabuohien, Omotara & Watti,
2021).

Nonetheless, implementing the WOM is not without
challenges, and the discussion must acknowledge
potential limitations. Successful adoption requires
adequate infrastructure investment, staff willingness
to change, and ongoing leadership support.
Technological integration depends on compatibility
with existing hospital systems and sustained technical
support. Staff training needs to be continuous rather
than episodic to maintain competency and adapt to
evolving workflows. Additionally, patient variability
and fluctuating demand can complicate scheduling
and resource allocation, necessitating dynamic
management and  flexibility. Despite  these
considerations, the WOM provides a robust
foundation on which laboratories can build
continuous improvement cultures (Alfa, 2019,
Dancer, et al., 2012).

In conclusion, the Workflow Optimization Model for
outpatient  phlebotomy  efficiency offers a
comprehensive,  evidence-based  approach  to
overcoming critical inefficiencies in laboratory
services. The model’s positive impact on patient wait
times, specimen quality, staff workload, and
throughput clearly demonstrates that combining Lean
Six Sigma principles with technological tools and
human-centered process redesign can produce
significant enhancements in clinical operations. Its
success is underpinned by the thoughtful engagement
of staff and the strategic use of data to inform real-
time decision-making (Ojeikere, Akintimehin &
Akomolafe, 2021). As healthcare systems face
increasing demand for timely, accurate, and patient-
centered diagnostic services, the WOM stands as a
replicable and scalable model for improving
outpatient phlebotomy and potentially other clinical
workflows. Continued evaluation, adaptation, and
expansion of this model will be vital to sustaining
gains and responding to the evolving landscape of
healthcare delivery.
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2.6. Challenges and Limitations

The Workflow Optimization Model (WOM) for
outpatient phlebotomy efficiency offers a promising
framework for enhancing operational performance,
patient experience, and specimen quality within
clinical laboratories. However, despite its structured
approach  and  demonstrated  benefits, the
implementation of such models encounters
significant challenges and limitations that can impede
successful adoption and sustainability. These
challenges largely revolve around human factors,
protocol adherence variability, and the practical
realities of infrastructure and resource availability,
particularly in low-resource settings. Understanding
these barriers is essential to developing strategies that
enable broader and more effective use of the WOM
across diverse healthcare environments (Ojeikere,
Akintimehin & Akomolafe, 2021).

One of the most pervasive challenges faced during
the implementation of workflow optimization
initiatives, including the WOM, is resistance to
change among clinical staff. Phlebotomists and
associated personnel often have established routines
and preferred methods honed over years of
experience. Introducing new workflows,
technologies, or procedural changes can be met with
skepticism, anxiety, or outright opposition. This
resistance is frequently rooted in concerns about
increased workload, loss of autonomy, fear of
technology, or uncertainty regarding the benefits of
the new model (de Melo Costa, et al., 2018, Ryan, et
al., 2016). Digital adoption, in particular, presents a
formidable hurdle. Many phlebotomy staff may have
limited exposure to or confidence in digital tools such
as electronic check-in kiosks, barcode scanners, and
real-time scheduling dashboards. The apprehension
around technology may be exacerbated by inadequate
training, lack of ongoing support, or previous
negative experiences with poorly implemented
systems.

Moreover, resistance is not confined to frontline staff.
Mid-level managers and even senior leadership can
be hesitant to fully endorse workflow changes if they
perceive risks to service continuity or fear resource
implications. Without strong buy-in from all levels,
initiatives may stall or be only partially implemented,
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limiting their effectiveness. Overcoming this
resistance requires comprehensive change
management strategies that include early and
continuous engagement, transparent communication
about the benefits and rationale of the WOM, and
addressing specific concerns through tailored training
programs (Adelusi, et al., 2020). Championing the
model through respected clinical leaders and
demonstrating quick wins can also help build
momentum and trust in the change process.

Closely linked to resistance is the variability in
adherence to standardized protocols, which poses
another substantial challenge to the consistent
application of the WOM. Even when new workflows
and checklists are introduced, deviations in practice
frequently occur, especially in busy outpatient
settings where time pressures and patient complexity
create competing priorities. In some cases, staff may
consciously bypass steps perceived as redundant or
time-consuming; in others, incomplete understanding
or insufficient training leads to errors or omissions.
For example, although barcode labeling and
electronic documentation reduce errors theoretically,
incorrect scanning or failure to update electronic
records can still happen, negating some of the
expected quality improvements (Ling, et al., 2018,
O'Hara, et al., 2015). Additionally, the use of
checklists and standardized processes may be
inconsistent if staff revert to old habits or if
supervision and accountability mechanisms are weak.
This variability in protocol adherence can undermine
the very goals of the WOM, resulting in continued
inefficiencies, patient dissatisfaction, and safety risks.
To address this, it is essential to embed ongoing
performance monitoring and feedback mechanisms
into the workflow optimization initiative (Akpan,
Awe & Idowu, 2019). Regular audits of adherence,
combined with non-punitive  coaching and
reinforcement, help maintain protocol fidelity. Peer
support and shared accountability frameworks also
foster a culture where adherence is valued and
deviations are constructively addressed. Importantly,
workflows and protocols must be designed with input
from frontline staff to ensure they are practical,
feasible, and aligned with the realities of daily
practice (Alfa, 2016, Forrester, et al., 2018). Overly
rigid or complex protocols may be counterproductive,
driving disengagement and workarounds.
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Another major limitation that impacts the broad
applicability of the WOM is infrastructure and cost
constraints, particularly in low-resource settings.
Many of the digital and technological elements
central to the model such as automated check-in
kiosks, barcode labeling systems, and real-time
scheduling dashboards depend on reliable electricity,
robust IT networks, and access to hardware and
software  (Awe, 2017). In resource-limited
environments, these prerequisites are often lacking or
inconsistent, impeding the deployment of such tools.
Even where infrastructure exists, the costs associated
with purchasing, implementing, and maintaining
technology can be prohibitive for many clinical
laboratories, especially those operating in the public
sector or in low- and middle-income countries
(Bertholf, 2016, Mohan, et al., 2017).

Moreover, infrastructural limitations extend beyond
technology to physical space and staffing resources.
Phlebotomy units in such settings may suffer from
cramped or poorly designed layouts, inadequate
patient waiting areas, and insufficient storage or
preparation zones for supplies. These factors
contribute to workflow bottlenecks and compromise
patient privacy and comfort, which cannot be fully
addressed by process redesign alone. Staffing
shortages and high turnover rates further complicate
implementation, as consistent training and
supervision become more difficult. Without sufficient
personnel to manage patient flow and perform
phlebotomy, efforts to optimize workflows may fall
short of expectations (Drayton Jackson, et al., 2019,
Yip, et al., 2017).

Financial limitations also influence the ability to
provide comprehensive training and change
management support both critical for successful
model adoption. In low-resource settings, investment
in staff development is often deprioritized relative to
immediate clinical needs. This creates a cycle where
staff may lack the skills or confidence to utilize new
workflows and technologies effectively, perpetuating
inefficiencies and resistance. Furthermore, external
funding or donor-supported initiatives that introduce
advanced workflow models may not be sustainable
once initial project funding ends, leading to
abandonment or regression to previous practices
(Osabuohien, 2019).
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Given these constraints, the WOM must be designed
and adapted with flexibility and scalability in mind.
For instance, low-tech alternatives to digital tools
such as manual but standardized paper-based
checklists or color-coded specimen labeling systems
can be incorporated initially, with gradual integration
of technology as resources permit. Process
improvements focusing on space utilization, task
delegation, and patient flow can provide meaningful
efficiency gains even in the absence of high-end
technology (Mijailovic, et 1., 2014, Morrison, et al.,
2011). Collaborations with governmental and non-
governmental organizations can facilitate resource
mobilization and capacity building to support more
comprehensive model implementation over time.

In summary, while the Workflow Optimization
Model offers a structured approach to improving
outpatient phlebotomy efficiency, its successful
implementation faces notable challenges. Resistance
to change and digital adoption among staff must be
addressed through inclusive engagement, tailored
training, and continuous support. Variability in
adherence to protocols requires robust monitoring,
feedback, and culturally sensitive process design to
foster sustained compliance (Dilts & McPherson,
2011, Huang & Klassen, 2016). Infrastructure and
financial limitations, especially in low-resource
settings, necessitate pragmatic adaptations and
phased implementation strategies to ensure feasibility
and sustainability. Recognizing and proactively
managing these challenges will be essential to
unlocking the full potential of workflow optimization
in outpatient phlebotomy and, by extension,
improving diagnostic services and patient care
quality across diverse healthcare environments
(Adeyemo, Mbata & Balogun, 2021, Osamika, et al.,
2021).

2.7. Recommendations and Conclusion

To ensure the sustained success and continued
enhancement of the Workflow Optimization Model
(WOM) for outpatient phlebotomy efficiency, it is
imperative to embed continuous improvement
mechanisms into its implementation. Establishing
structured feedback loops allows for ongoing
monitoring of key performance indicators such as
patient wait times, sample rejection rates, and staff
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workload balance. Regular collection and analysis of
this data enable timely identification of emerging
issues and opportunities for refinement. By fostering
an environment where frontline staff, supervisors,
and management can contribute insights and
suggestions, organizations can adapt the workflow
processes to evolving clinical demands and patient
expectations. This dynamic approach prevents
stagnation, encourages staff engagement, and
supports a culture of quality and safety in
phlebotomy services.

Integration with existing Laboratory Information
Systems  (LIS)  represents  another critical
recommendation. Seamless connectivity between
workflow components and LIS facilitates real-time
tracking of specimen status, automated error alerts,
and streamlined documentation. Such integration
reduces manual entry errors, expedites
communication between phlebotomy and laboratory
personnel, and enhances traceability throughout the
testing process. By leveraging LIS data analytics,
institutions can conduct sophisticated performance
assessments, optimize resource allocation, and
predict demand surges. Incorporating the WOM into
LIS platforms also supports compliance with
accreditation standards and regulatory requirements,
further embedding the model into institutional
operations.

Periodic staff training and process audits are essential
to maintain high standards of practice and ensure
fidelity to the optimized workflows. Initial and
ongoing training should encompass not only
technical skills related to specimen collection and
digital tool usage but also emphasize the rationale
behind workflow changes and the importance of
protocol adherence. Simulation-based learning and
competency assessments can reinforce best practices
and build confidence, particularly for new or rotating
staff members. Process audits, conducted by internal
or external reviewers, provide objective evaluations
of workflow compliance and identify areas requiring
corrective action or additional support. These audits
promote accountability, highlight successes, and offer
opportunities for continuous education.

In summary, the Workflow Optimization Model has
demonstrated considerable effectiveness in reducing
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patient wait times, minimizing specimen labeling
errors, improving staff utilization, and increasing
throughput in outpatient phlebotomy units. The
practical implications of these improvements extend
beyond operational metrics; they translate into
enhanced patient satisfaction, greater diagnostic
accuracy, and improved clinical decision-making.
The model’s combination of Lean Six Sigma
principles, technological integration, and human-
centered process redesign offers a comprehensive
blueprint for addressing longstanding inefficiencies
in outpatient laboratory services.

The contribution of the WOM to outpatient care
quality and laboratory performance is substantial. By
streamlining the phlebotomy process, the model
supports faster, safer, and more reliable specimen
collection, which is critical for timely and accurate
laboratory analysis. These gains ultimately improve
patient outcomes by facilitating early diagnosis and
appropriate treatment interventions. Additionally, by
improving staff workflows and reducing burnout, the
model helps stabilize the phlebotomy workforce,
which is essential for maintaining service continuity
and institutional knowledge.

Looking forward, future research should explore the
scalability of the WOM across diverse healthcare
settings, including rural clinics and resource-limited
environments. Investigations into the integration of
emerging technologies such as artificial intelligence
for predictive staffing, mobile health applications for
patient self-check-in, and advanced analytics for
workflow optimization could further enhance the
model’s impact. Expanding the model’s principles to
related outpatient laboratory services and other
clinical workflows may also yield broader system-
wide efficiencies. Continued evaluation through
multicenter studies and longitudinal assessments will
provide deeper insights into best practices for
sustainable implementation and adaptation.

In conclusion, the Workflow Optimization Model
offers a viable, evidence-based approach to
improving outpatient phlebotomy efficiency with
significant benefits for patients, staff, and healthcare
organizations. Its success depends on continuous
refinement, robust integration with existing systems,
dedicated staff training, and committed leadership.
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As healthcare demands evolve, embracing such
optimization models will be critical to delivering
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