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Abstract

Background/Objectives: Timely reporting of microbiological results is critical for clinical decision-
making, particularly in pediatric hospitals where delays can significantly impact outcomes. Despite
advances in laboratory automation, workflow inefficiencies and resistance to change remain barriers
to improvement in Latin America. This study aimed to evaluate the effect of implementing a Kaizen-
based change management strategy on reducing turnaround time (TAT) in the microbiology
laboratory of Hospital Roberto del Rio, Santiago, Chile. Methods :We conducted a prospective, pre—
post intervention study focusing on blood culture processing. The baseline period (July 2022)
included 961 cultures processed with the BacT/ALERT® 3D system. A Kaizen/LEAN intervention
was designed, comprising workflow redesign, staff training, and installation of the Virtuo®
continuous-loading blood culture system. The intervention engaged all technical and professional
staff in a five-day Kaizen immersion, followed by eight months of monitoring. Outcomes were
assessed by comparing TAT for positive blood cultures before and after implementation (June 2023,
496 samples). Statistical analysis was performed using the Mann-Whitney U test, with p < 0.05
considered significant. Results: The intervention achieved a median reduction in TAT from 68.22
hours (IQR 56.14-88.59) pre-intervention to 51.52 hours (IQR 41.17-66.57) post-intervention,
corresponding to a 24.48% improvement (p < 0.001), surpassing the 20% target. Time to preliminary
Gram reporting also decreased, and workflow standardization enhanced staff productivity and
culture validation frequency. Conclusions: Implementation of Kaizen principles in a pediatric
microbiology laboratory significantly reduced blood culture TAT and improved workflow efficiency.
Beyond technological upgrades, active staff engagement and structured change management were
key to success. These findings support the applicability of Kaizen-based interventions to optimize
laboratory performance in resource-constrained public healthcare systems.

Keywords: turnaround time; productivity; change management

1. Introduction

Reliable and timely information in medicine depends on several key factors: trained users;
healthcare professionals who accurately collect data from patients; quality control; and error-free
transmission of information across the various software systems used in healthcare institutions—
such as electronic health records, laboratory information management systems, pharmacy systems,
and other similar systems. These elements together generate reliable databases that enable systematic
analysis and diagnosis of epidemiology, production, risk stratification, resource utilization, and
opportunities for improvement within healthcare systems.
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We must not forget that, to obtain accurate results, trained and qualified users who understand
the importance of their performance are essential. In this analysis, we will focus on the laboratory [1].

Microbiology laboratories have a series of characteristics that have delayed the automation of
processes, unlike the fields of hematology or biochemistry [2—4]. Ten years ago, the differentiating
value proposition of the microbiology laboratory was focused on turnaround time (TAT), and efforts
were directed toward optimizing human workflows to improve response times [5]. Although the first
automated systems in microbiology have been in operation for over 30 years, the widespread
adoption of automation was significantly delayed, particularly in Latin America. Over the past two
decade, and especially since the onset of the COVID-19 pandemic, microbiology laboratories have
increasingly embraced new technologies and processes that enhance quality and efficiency, along
with reducing TAT. Antonios et al. published an article indicating that microbiology laboratory
automation can improve standardization, increase laboratory efficiency, enhance workplace safety,
and reduce long-term costs. [4].

However, no technological tool can improve the laboratory workflow without a prior evaluation
of the sample processing stream by the technicians and professionals working in the laboratory.
Laboratory process automation enhances efficiency by eliminating tasks, reducing redundant steps,
removing low-utility techniques from routine workflows, or outsourcing specific processes. An
example of this is discussed by Tregueiros et al., who demonstrated that automated incubators with
digital image capture significantly reduce the number of manipulations of culture media plates, and
that approximately 97% of samples are suitable for automated processing [2]. Employees often resist
change; it is part of human nature [6]. Various factors can contribute to this resistance, including
workload overload, lack of training provided by healthcare institutions, communication issues with
supervisors or hospital management, among others [2,6]. Therefore, it is necessary to develop tools
and training opportunities, as well as to assess laboratory workflow, to improve laboratory outcomes
[2]. This is what is currently referred to as change management [2,3]. To the best of our knowledge,
no studies on change management in microbiology laboratories have been documented in Latin
America. Nevertheless, there are well-established tools with robust scientific backing, among which
the Kaizen methodology is widely recommended [7].

Latin American microbiology laboratories face the challenge of balancing the high cost of
supplies with the difficulty of accessing specialized human resources [8,9]. In this context, optimizing
workflows to reduce turnaround time has a direct impact on both diagnosis and patient outcomes
[10,11].

Several studies in Europe, the United States, and Asia have demonstrated that the incorporation
of new technologies can be decisive. Tools such as point-of-care testing at the bedside (POC),
immunochromatographic and molecular tests for COVID-19 diagnosis, as well as multiplex PCR
platforms applied directly to bacterial agar cultures, significantly reduce turnaround times and
support the initiation of appropriate antimicrobial therapy [12-14]. Tseng et al. showed that the use
of multiplex molecular diagnostics in patients with sepsis had an impact on the early detection of
antimicrobial resistance and reduced 28-day hospital mortality [15].

This methodology has implications beyond the laboratory. Shorter turnaround times facilitate
relevant clinical decision-making, such as timely adjustment of antimicrobial therapy, escalation or
de-escalation of treatments, and other interventions. These aspects are critical in the management of
intensive care units, oncology services, neonatology, and other clinical settings [14,16].

This methodology adopts an evidence-based approach to enhancing quality and efficiency,
integrating tools from philosophy, process optimization, people management, and work structure
design. The objective of this study was to evaluate the reduction in turnaround time for a reliable,
digitized clinical result delivered to both patients and healthcare personnel, through the optimization
of microbiology laboratory workflow from a change management perspective.
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2. Materials and Methods

The microbiology laboratory at Hospital Roberto del Rio (HRRIO), a public pediatric institution
of the northern area of the Metropolitan Region of Santiago of Chile, has a capacity of 189 beds, 45
are designated for critically ill patients. The laboratory occupies 482 square meters, divided into six
functional sections, and is staffed by 36 professionals and technicians working both standard daytime
hours and in a 24/7 shift system. The facility operates within an infrastructure that is 86 years old.

The current workflow requires frequent movement and door openings to transfer clinical
samples between areas. In response to guidance from the Laboratory Director to improve staff
efficiency and reduce TAT, bioMérieux provided workflow consulting and support for better
personnel allocation by Kaizen/lean strategy. The LD requested that the analysis be centralized
around blood culture sample processing.
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Figure 1. Timeline of activities conducted during the Kaizen intervention at HRRIO.

The month of July 2022 was designated as the baseline or pre-intervention period. During this
month, a total of 961 blood cultures were processed using BACT/ALERT® 3D, in the diagnostic of
positive samples VITEK® 2 Compact, MALDI-TOF Vitek® MS Legacy were used. As part of the
baseline assessment, the existing workflow was evaluated, which included measuring the distance
between the sample reception area and the diagnostic equipment, and the time of each stage of the
process.

The Kaizen/LEAN intervention and the laboratory workflow optimization strategy for blood
culture processing, incorporating a new system and an updated procedural model. A key component
of the intervention involved the installation of the new Virtuo® blood culture system, following by
the integration into routine practice. A detailed timeline for the intervention was developed in
collaboration with the LD (Figure 1).

This intervention involved the full engagement of both professional and technical microbiology
laboratory staff in a five-day Kaizen immersion program, specifically adapted to the healthcare
context. This was followed by an eight-month monitoring phase to refine the intervention. The focus
was on identifying non—value-adding activities, eliminating redundancies, and redesigning the
workflow to ensure a sustainable, efficient, and participatory model.

The replacement of the existing blood culture analyzer with a higher-capacity model, Virtuo®
featuring continuous automated loading and enhanced time-to-detection performance, was
considered from the outset, as its implementation is supported by published evidence demonstrating
improved blood culture workflow efficiency [8,9].

The blood culture analyzer was relocated near the laboratory's sample reception area (admission
area) in September. Subsequently, the implementation, staff training, and commissioning of the new
technology took place in October.

Following a Kaizen event that is a meeting involving laboratory personnel and the laboratory
medical director, several workflow optimizations were introduced: enhanced registration of test
orders into the laboratory information system (LIS), allowing for increased validation and entry of
tests throughout the day; expansion of the number of workstations dedicated to blood culture entry
into the LIS; increased frequency of daily evaluations of microbiological cultures to enable real-time
detection of bacterial growth; and more efficient use of the Vitek MS® and Vitek 2 Compact®
systems. Antimicrobial susceptibility testing (AST) validation was also distributed across multiple
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periods during the day (Table 1). Altogether, these measures contributed to a significant
improvement in sample flow management.

Table 1. Application of Kaizen principles in a pediatric microbiology laboratory (HRRIO).

Practical Application in the
Kaizen Principle Definition Pediatric Microbiology
Laboratory

L . Short-, medium-, and long-term
. Progressive implementation of . . .
Continuous Improvement improvements in result delivery

sustained, incremental changes

(Iteration) . ; . o were planned, based on
aimed at increasing efficiency. . .
operational observations.
. . Laboratory technical staff
Cross-functional Team Active engagement of all staff y EeTea ..
. . collaborated with bioMérieux
Involvement levels in the improvement process. | ... .
facilitators to define outcomes.
. e Kaizen event (workshop). The
Formation of multidisciplinary .. ( P)
. . o participants developed
Collaborative Work teams to identify improvement ) .
tuniti solutions tailored to the local
opportunities. o .
PP realities of the hospital.
Operational workflows were
Direct analysis of processes at the observed in real time,
On-site Observation (Gemba) point of execution to identify highlighting the need to

critical issues. optimize sample collection and
processing steps.
Process redesigns were
e roposed to reduce idle times,
... Identification and removal of non— p ..
Elimination of Waste (Muda) eliminate redundant tasks, and

value-adding activities.
enhance human resource

utilization.
Implementation of a
Formalization of successful standardized 24/7 workflow
Standardization improvements through clear, was discussed to ensure
reproducible protocols. consistent performance across
all shifts.

Use of methods such as Plan - Do -
Check - Act (PDCA), root cause

Improvement Tools analysis, and 55 to guide change
implementation (sort, set in order,
shine, standardize, sustain).

Kaizen tools were applied
during bioMérieux-facilitated
event to support structured
decision-making.

Focus was placed on reducing

. Evaluation of impact through validation and result deliver
Data-Driven and Measurable o - 1mp & . , . , Y
quantifiable indicators before and times by increasing daily
Outcomes . . L .
after intervention. validations and tracking

performance metrics.
A collaborative approach was

.. Promotion of an institutional established, integrating the
Organizational Improvement . . . .
mindset focused on continuous  team in the design of
Culture . ) o .
improvement identification. sustainable and context-

sensitive solutions.
Optimization of REAL® (*) and

Innovation and Technological Gradual incorporation of digital ~VITEK® 2 Compact software

Subport tools to support continuous was recommended, along with
PP improvement. IT integration for real-time
monitoring.
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(*) REAL®: Microbiology LIS.

As part of the process, laboratory technical staff were trained in the appropriate handling of
blood cultures as critical samples, generating a state of mind of awareness. Estimated manual activity
and incubation times are shown, along with expected time savings and percentage gains after Kaizen
improvement activity (Table 2).

Table 2. Processing times for positive blood culture bottles under current laboratory routine and proposed

workflow improvement.

Day Manual activity Equipment / Expected time % Expected time
time (h) incubation time (h) savings (h) savings

1 8.00 16.00 4.30 54%
2 6.00 18.00 0.42 7%
3 11.67 12.33 0.004 0%

4y5 0.30 0.3 0.17 50%

Total time
saved 4.89

To assess the impact of the intervention, June 2023 was selected as the reference period, during
which 496 blood culture tests were processed in the laboratory.

The key performance indicators measured during the process included changes in TATs for
critical microbiology tests, with a target set to reduce the final report delivery time by 20%. The
following equation was used for the calculation:

Improvement (%) = (Time Before — Time After) / Time Before x 100.

This study was designed as a prospective intervention aimed at optimizing workflow in the
microbiology laboratory of Hospital Roberto del Rio, using a change management approach based
on the Kaizen methodology. Due to variability in workflows and the implementation of specific
technologies, no formal sample size calculations were performed. The evaluation periods were
selected based on clinical and operational criteria established by the laboratory. A non-probabilistic,
convenience sample was used, consisting of blood culture tests processed during the pre- and post-
intervention periods.

The statistical analysis was performed with an 80% power and a significance level of 5%.
Continuous variables were described using medians and interquartile ranges (IQR), as the data did
not follow a normal distribution. The Mann-Whitney U test was used for comparison of medians
between groups. Categorical variables were reported as frequencies and percentages. GraphPad
Prism 9® software was used for data analysis, and p-values < 0.05 were considered statistically
significant. The dataset used for analysis was extracted from REAL®.

3. Results

The early diagnosis of positive blood culture bottles is of critical importance, given the
significant clinical implications associated with the identification of bacteremia and antimicrobial
treatment [10]. At the HRRIO, approximately 40 blood culture bottles are processed daily, with an
average annual positivity rate of 5.8%. During the pre-intervention period, the mean time to
preliminary Gram stain reporting, from the moment the bottle entered the laboratory, underwent the
initial intra-laboratory checkpoint, and was subsequently cultured using the Virtuo®, was 22.7h
(19.0-35.8 h). This variation is primarily explained by differences in microbial growth rates within the
incubator. The mean time to final antimicrobial susceptibility reporting was 68.22h (56-188.6 h). In
contrast, the average time to a final negative result was 184.1h (154.3-188.6h).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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The staff processed positive blood cultures in a single batch per shift for both identification and
susceptibility testing. As a result, blood cultures could take up to 12 hours to complete processing,
meaning that personnel were not available to validate the culture once it was ready, because this
occurred outside regular working hours.

Table 3. Kaizen proposed strategy.

# Details strategy

1 Elimination of approximately 5 hours from the total processing time per positive blood culture
bottle (see Table 2).

Increased productivity through the addition of a dedicated workstation at the laboratory’s

sample admission area.

Technological improvements in the real® to enable integration with the central LIS, improve
3 sample tracking (e.g., anatomical site, urinary sediment analysis), and enhance dashboard

compatibility with the real® environment.
4 Full automation of the validation process for negative blood culture vials.

Implementation of culture plate boxes by time range of incubation, allowing continuous
5 evaluation, maldi-tof identification, and as setup throughout the shift, ending once-daily batch

processing.

After the agreed interventions were implemented, the median TAT was compared between the
pre-intervention period (68.22 hours [56.14-88.59]) and the post-intervention period (51.52 hours
[41.17-66.57]) (Figure 2a,b). A significant difference was observed, with a p-value < 0.001,
corresponding to a 24.48% reduction in time to final result, achieving the established goal (>=20%).

Additionally, when analyzing the distribution graphs of TAT results, it was noted that values
below the third quartile decreased from 88.6 hours pre-intervention to 66.5 hours post-intervention,
with a p-value < 0.001 (Figure 2b).
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Figure 2. (a) Distribution (in hours) of positive samples until the end of the laboratory process during the pre-
Kaizen intervention period (n =46); (b) distribution (in hours) of positive samples until the end of the laboratory
process during the pre-Kaizen intervention period (n = 56); (c) distribution (in hours) of positive samples until
the end of the laboratory process during the post-Kaizen intervention period (n = 46); (d) distribution (in hours)
of reported results from the time the bottle enters the Virtuo® system until the Gram stain result is delivered to

clinical staff during the pre-Kaizen intervention period (n = 56).

4. Discussion

Our laboratory is a high-complexity laboratory focused on addressing the health problems of
the assigned pediatric population, including immunocompromised patients, those undergoing
cardiac surgery, polytrauma cases, neurosurgical patients, and individuals with comorbidities. This
represents a challenging scenario from the perspective of infectious diseases, especially considering
the emerging bacterial resistance observed in recent years.

An initial evaluation of various laboratory characteristics was carried out to focus the
measurable objectives of this study, such as the distribution of isolated agents in positive blood
cultures and their temporal distribution, as well as the willingness of human resources to participate
in an evaluation process of their workflow, openness to change, and readiness for the implementation
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of improvements. These factors collectively justified the implementation of a Kaizen intervention.
This process made it possible to identify improvement opportunities that had not been previously
considered and that were feasible to implement without additional costs, within the context of being
a public institution.

Among the findings identified and addressed in this study, a substantial improvement was
observed in the TAT to the final report, which is clearly beneficial for timely clinical decision-making
in bacteriemia. The original goal of reducing turnaround time by 20% was exceeded, achieving a
24.48% reduction. The long-term success of this type of strategy lies in the consistency of the team
and in having embraced the Kaizen philosophy. Critical thinking and leadership are essential to
sustain these initiatives over time and to extend them to other areas within the same laboratory.
Nevertheless, it is important to highlight that the metrics for the objectives should always undergo
statistical evaluation.

Trigueiro et al. observed a decrease in process variability among different laboratory operators,
attributed to the standardization of processes and alignment with Kaizen evaluations. In our case,
we observed a reduction in the team’s average processing time; however, we were unable to quantify
differences between individual operators. This aspect could be considered for future interventions in
our laboratory [2].

Despite the partial automation of the laboratory, there were relevant findings that support those
reported in other microbiology automation studies, such as those by Trigueiro et al. and Bailey et al.
These studies showed that the laboratory automation process improved efficiency and TAT for the
final clinical report [2,20].

Finally, although this was not the initial focus of the research, through the evaluation of
processes using the Kaizen/LEAN methodology, the laboratory decided to implement interventions
in other areas of microbiological sample processing, including all processed samples that involved
cultures (urine cultures, sterile fluids, etc.).

Among the relevant changes, the loading schedule for identification by MALDI-TOF MS® and
antimicrobial susceptibility testing by Vitek 2 Compact® for positive blood cultures was adjusted to
between 7:30 and 830 AM. A dedicated medical technologist was assigned exclusively to
Microbiology activities and support for AST V2C® loading. Additionally, plate reading was
organized into defined time blocks to enable multiple positive culture identifications throughout the
shift.

Optimizing laboratory workflow is a complex process that requires coordination among clinical
teams, nursing staff, laboratory personnel, IT systems, supply chains, and external providers to
ensure the delivery of reliable, timely, and safe diagnostic results. Specialized consulting serves as an
additional resource to support the alignment of operational processes. Achieving this objective
depends on personnel training, forward-thinking technical leadership, and up-to-date
microbiological knowledge. Any intervention aimed at improving workflow must be planned with
careful consideration of current and future operational needs, enabling the laboratory to respond
effectively- starting today- to the diagnostic challenges that public health will face over the long
period of time.

POC can support the diagnosis of certain specific conditions, such as molecular virological
testing performed at the patient’s side in outpatient care, emergency departments, or critical care
units, as well as direct diagnosis from positive blood culture bottles [21-24]. However, POC does not
cover the entire laboratory routine; the use of conventional technologies remains essential for
microbiological diagnosis and for the interpretation of the antibiogram [25,26]. The use of these POC
tools must be strictly overseen by the laboratory, and requires trained personnel outside the
laboratory who can both apply the tests and recognize their limitations. This makes implementation
challenging for healthcare institutions in Latin America [27]. Therefore, to ensure therapeutic success
and appropriate adjustment to microbiological therapy, laboratories must intensify efforts to reduce
turnaround times, from pre-analytical processes to the final report available for clinical staff in
healthcare services [28-31].
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According to Tseng et al., an optimized microbiological result in a patient with sepsis can reduce
hospital stay and the length of stay in the ICU, including a decrease in 28-day mortality [15].
Therefore, conducting Kaizen studies may represent a low-cost alternative for healthcare institutions,
enabling them to adjust their workflows, reorganize healthcare personnel, and even, why not,
incorporate new POC technologies monitored by the laboratory, given the greater availability of
laboratory human resources.

Limitations It is important to acknowledge that the most effective solution for the laboratory
scenario would have been the implementation of a 24/7 professional staffing model. However, public
institutions in Chile face significant challenges in creating new positions, especially those requiring
24-hour coverage.

Therefore, the proposed intervention was designed within a conservative scenario from the
perspective of human resources.

It is also important to state that no sample size calculation was performed, which introduces a
potential bias. Additionally, the selection of July 2022 as the pre-intervention baseline assumed that
monthly trends remain relatively stable throughout the year. Regarding the 'time to Gram' metric, it
is important to note that measurements were taken from the moment the bottle was loaded into the
Virtuo® system. Ideally, this interval should have been measured from the time of bottle positivity
in Virtuo®, to reduce the bias introduced by differential growth rates among microbial genera.

5. Conclusions

Laboratory consulting as a strategy to optimize workflow in microbiology laboratories should
be considered across Latin America, regardless of the laboratory's level of technological development.
The insights gained from understanding the daily routine and workflow are highly valuable when
evaluating the implementation of new technologies or when adjusting work processes in settings that
do not necessarily operate on a 24/7 workflow.

In our experience, the process implemented in our institution using the Kaizen model was
considered successful, achieving measurable optimization of blood culture TAT, which in turn
allowed us to transfer this experience to improve other processes within the microbiology laboratory.
Most importantly, delivering results to clinical staff within a significantly shorter timeframe enables
timely adjustment of antimicrobial therapy, thereby reducing the duration of empirical antimicrobial
treatment.
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The following abbreviations are used in this manuscript:
AST Antimicrobial susceptibility

COVID-19 Coronavirus disease 2019
HRRIO Hospital Roberto del Rio

IQR Interquartile range
IT Information technology
LIS Laboratory information system
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MALDI-TOFMatrix-assisted laser desorption/ionization—time of flight mass spectrometry

POC Point of Care

PCR Polymerase Chain Reaction

PDCA Plan-Do-Check-Act cycle

TAT Turn-arround time

\ple Vitek 2 Compact® automated identification and susceptibility testing system
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