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Abstract: The goal of each company today is to improve business and increase profit through the reorganization and simplification of its processes, decrease of costs and
resources utilization etc. Improving the business is usually implemented through different techniques and methodologies that have been developed. One of the ways to
improve service processes, and health system processes also, is the implementation of the lean concept. This study shows benefits from using Lean tools value stream
mapping (VSM) and simulations to simplify the laboratory work process. Using the VSM and simulation in department of clinical biochemistry authors showed significant
improvement of the clinical processes such as eliminating non-value added times (NVAT) by minimum 30 working days/year, increasing number of laboratories analyses by
approximately 80.000 analyses/year, eliminating unnecessary movement of 39,000 - 52,000 meters/year for samples and 78,000 - 104,000 meters/year for stuff and
decreasing patient waiting times from average 70 to 20 min/patient.
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1

INTRODUCTION

The contemporary business of both, service and
manufacturing companies, is becoming more and more
challenging. Some authors emphasize that, due to the
constant market turbulence, companies that are based on
the old business principles can have significant problems
with the survival on the market [1]. A very turbulent
market, a dynamic environment, and unpredicted business
conditions as well as many other factors that directly or
indirectly affect the business itself, force managers to
enable their processes to respond to the market demands in
a very short period of time. It is very common that the
processes are not set up on the appropriate bases, or that
they are efficient and effective, but they are not flexible
enough. Therefore, they cannot be adapted to the sudden
changes and demands of consumers in a timely manner.
Several authors emphasize the need for changes in the way
of doing business, primarily in the area of modification and
integration of business processes at all levels [2]. One of
the strategic approaches in creating very flexible, efficient
and effective production and service systems can be
applied with the help of the lean concept. The lean concept
represents an approach to such a process design that
ensures the highest degree of flexibility, efficiency, and
effectiveness, with emphasis on customer satisfaction as an
imperative, and the employees as the mainholders of the
process (see [3]). "Profit" that can be realized with the
implementation of the lean concept, whether the process is
designed as a new one or is a reorganization of an already
existing system, is a subject of numerous researches [4-8].
This work is divided into two parts. The first part
presents a literary overview of the researches that deal with
the implementation of the lean concept in healthcare
institutions as well as in clinical laboratories, with a
description of the lean concept as a "philosophy" of process
improvement and the lean tool for mapping of the process.
Mapping of the process is supported by the simulation of
the system, which has been done with the help of mapping
tools. The research was conducted in the clinical laboratory
for biochemistry and in the department for receiving and
distribution of samples in one state clinical center.
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A review of the available literature revealed fewer
researches that were dealing with the implementation of the
lean concept in the processes of clinical laboratories. The
aim of this paper is to deepen the research in the field of
implementation of the lean concept in clinical laboratories.
For the purposes of the work, a statistical analysis of the
data from the survey was performed by SPSS software
package. Spearman's correlation was used to determine the
correlation between the measured real time of the patients
and their subjective sense of time for a blood draw, while
the VSM lean tool was applied for the mapping of the
process, and the FlexSim HC software package was used
for the simulation of the system itself.
Clinical laboratories are a very important part of each
health institution, and any improvement in this process
certainly contributes to their better work. The quality and
speed of the work of clinical laboratories ensure the timely
adoption of appropriate diagnoses for the treatment of
patients. The significance of this paper lies in the extension
of knowledge in the field of implementation of the lean
concept supported by simulation in healthcare institutions,
especially in clinical laboratories, with an emphasis on the
benefits that can be achieved.
2

THEORETICAL BACKGROUND

The term "lean" first appeared in the book "The
machine that changed the world" [9] where the authors
showed differences between the Japanese production
methods and traditional mass production from the West.
The book discussed approaches which the Japanese
automobile industry used to take the precedence over the
American automotive industry [10]. Authors Womack et
al. have defined this approach as lean, under the definition
that lean: "provides a way to do more work with less human
effort, less equipment, less time, and less space while
coming closer to providing customers with exactly what
they want" [3].
For the purpose of the research authors in this paper
used one of the "most popular" lean tools, the VSM - Value
stream mapping. The worldwide usage of this tool started
after the publication of the book of the authors Rother &
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Shook entitled "Learning to See" [11]. Rother & Shook
presented mapping process as "wherever there is a product
for a customer, there is a value stream". According to the
same authors, value stream represents the sum of all the
activities within each process necessary to produce a
particular product [12]. These actions consider the flow of
both information and materials within the overall supply
chain. The ultimate goal of VSM is to identify all types of
waste in the value stream and to take steps to try to
eliminate these wastes (for more see [11, 13]). The review
of the literature ([13-17]) leads to the conclusion that there
exists a consensus about the phases of the implementation
of VSM lean tool. Those phases can be presented as:
1. Initiating changes,
2. VSM current state map,
3. VSM future state map,
4. (Simulation) – optional, not obligatory,
5. Implementation.
An optional step in applying VSM tool is a simulation
of the operation of a new system, which is used more and
more today (see [18-21]. Simulation platforms are software
tools that ensure that real systems are "converted" into an
electronic form no matter how complex the system was [2].
The literature points to numerous benefits that can be
achieved with the implementation of simulations (see [2224]). Some authors state that the significance of the
simulation is primarily reflected in the possibility of
collecting data from virtual system simulations with the
help of various inputs in order to obtain the best possible
output, and based on the detailed outputs, it is possible to
make the most favorable decisions that the system will
choose and implement [2].
Today's software packages enable us to simulate the
results of a new system and to reach a conclusion about
whether a new draft system is justified or not before the
final step of implementation of the final solution. VSM tool
is a very effective tool that allows us to get information on
wastes (muda) that occur within the system and to
eliminate these wastes easier and as soon as possible [25].
The application of the lean concept is not just a trend
in the manufacturing industry; it is increasingly introduced
in the service industry, too. One of the representatives of
service industries is certainly a health system. A review of
the available literature shows that there is not a great
number of authors who are dealing with the
implementation of the lean concept in clinical laboratories
supported by the simulation application, and that it is a
trend that is rising (see [26-29]). According to author
Majed et al. implementation of the lean concept is not
related just to the improvement of a medical institution as
a whole, but to the implementation of the lean concepts in
each subsystem of a medical institution [30]. Authors
Plytiuc et al. emphasize that "subsystems" of a medical
institution obtain clinical laboratories, nursing, primary
care, perioperative service, emergency department,
anatomic pathology, etc. [31]. The same authors presented
a literature review of the lean in the healthcare sector with
the aim of pointing out the poor relations of research and
the area that is rich for further research. On the other hand,
the authors Alkher et al. created a literature overview of the
specific lean tools that was implemented by some
researchers in hospitals and clinical laboratories
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procedures, as well as the effects of those implementations
[30].
3

METHODOLOGY

The research was conducted in the clinical center, at
the department for clinical biochemistry, which performs
more than a million different analyses per year, and which
serves approximately 100.000 - 110.000 patients per year.
The research approach was conducted in a few phases. In
the starting phase of the research, the questionnaire of the
opinion of the patients was used in order to explore the
subjective feelings and expected subjective times. 312
patients were questioned, while the blood draw process
was recorded for 140 patients. The idea was to compare the
subjective predicted times with the real measured times for
determining whether the subjectively expected time is the
same/or is similar to real-time, and on that basis, the
simulation results are predicted.
In addition to interviewing patients, interviews were
also conducted with employees. The aim of these
conversations with employees was to explore the overall
picture of the process.
Statistical analysis was performed by SPSS software
package. Spearman's correlation was used to determine the
correlation between the measured real time of the patients
and their subjective sense of time for a blood draw.
Spearman’s rank correlation coefficient is a nonparametric
(distribution-free) rank statistic as a measure of the strength
of an association between two variables [32]. After
collecting patient and employee attitudes, as well as system
analysis, a display of the current and new state of the
system was made with the help of the lean VSM mapping
tool. Processes shown by using VSM were simulated with
the FlexSim HC software package and the results of the
research are shown in more detail below.
4

RESULTS

According to the results of questionaries’ in survey for
patients (see Tab. 1), the mean value of the duration of the
blood draw process – subjective times (presented as
opinion of the patients who were questioned) is around 73
minutes (M = 73,14; SD = 45,80; MAX = 240; MIN = 5; N
= 140), while the mean value of the duration of the blood
draw process – objective times (presented as the measured
times by researcher) is 60,56 minutes (M = 60,56; SD =
33,41; MAX = 173; MIN = 12; N = 140). There has been
detected a strong positive statistically significant
correlation between the mean value of the duration of the
blood draw process – objective times and subjective time
(rho = 0,837; p < 0,001; N = 140). Based on the high
positive statistically significant correlation between the
duration of the blood draw process objective times and
subjective times it is possible to implement a simulation of
the process.
In parallel with patient testing, time measurement and
the determination of statistically significant positive
correlations, the overall analysis of the work of the
laboratory for clinical biochemistry and the laboratory for
the reception and distribution of materials was carried out
(both employees and patients were included), which is
shown in detail with the application of VSM (Fig. 1).
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Figure 1 An overview of the current workflow of a clinical laboratory
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Figure 2 An overview of the new workflow of a clinical laboratory
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Table 1 Means and Spearman's rho Correlations
The duration of the blood The duration of the blood
Mean
SD
draw process – subjective
draw process – objective
times
times
The duration of the blood draw process –
rho
73,1357
45,79941
1,000
,837**
subjective times
Sig. (2-tailed)
.
,000
The duration of the blood draw process –
rho
60,5643
33,41417
,837**
1,000
objective times
Sig. (2-tailed)
,000
.
**. Correlation is significant at the 0.01 level (2-tailed).

During research, in the current system, we found large
crowds in the receiving department in the morning. One of
the reasons is certainly the time for collecting health cards
that last for two hours (7 - 9 am) and the lack of a
scheduling system for patients. Given that 350 - 400
patients are served on a daily basis, due to the admission of
health cards for a period of two hours, all patients must
come in the specified period if they want to be served.
Current hospital capacities are not designed to
accommodate so many patients in such a short period of
time and also there is not enough seating space in the
waiting room. As emphasized earlier, it was noticed that all
the rooms are not operating at the same time and that
samples are not taken in all rooms. The analysis of the
system also detected other problems that are primarily
reflected in the separation of the sampling and distribution
departments and the laboratory for analysis (150 - 200
meters), which makes the unnecessary movement of
samples and patients, lack of information system, a large
crowd in the waiting room, waiting for analysis results, etc.
In order to improve the system by eliminating all of these
problems, a detailed analysis of the new system by using
VSM (Fig. 2) is given, with an emphasis on the benefits
obtained by system simulation by using the FlexSim HC
software package.

Figure 3 Simulation of the system inFlexSim

The FlexSim HC software package is intended for the
concrete application of simulation processes in healthcare
institutions that, in addition to the results of the simulation,
also provide a real visualization of the process and the
movement of patients and employees in the process. The
basic changes in the new process are certainly reflected in
the new layout of the department for reception and
distribution of materials to which the clinical biochemistry
department was attached (Fig. 3).
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Such spatial structure ensures the elimination of the
movement of samples between the departments (in the
amount of 150 - 200 meters between buildings). This
layout will completely ensure elimination of the waiting
time for the samples for 60 - 90 minutes per day, saving
time from minimum 30 working days per year and
sometimes waiting for the apparatus functionality of 12
minutes due to lack of samples. Since the daily level of
analysis in the biochemical laboratory is acc. 2.700
analysis/day, the merger of the departments would provide
more analyses of approximately 80.000 analysis per year
and will result in time-saving, too. In addition to the
increase of the efficiency of the laboratory, it would
eliminate the movement of samples in the amount of
39,000 - 52,000 meters / year, as well as the movement of
employees who must cross the path to take samples from
the reception and distribution department and submit it to
the department for clinical biochemistry from 78,000 104,000 meters / year. It is also important to note that due
to the loss of the time in the amount of at least one month
per year, the savings on the salaries of employees would
save a significant amount of the money annually, which
could be invested in improving the process itself or in
hiring new people. In the new system, the receipt of cards
would not be performed in the morning from 7 to 9 hours,
but it would be distributed according to scheduled
appointments, that is, the system will be set up so that
patients came in line with scheduled appointments, which
would ensure the maintenance of approximately 400
patients per day. In addition to the new arrangement of the
layout system and the scheduling system, other
improvements have been introduced, such as job changes,
a number of sample collection rooms, etc.
The new system is set up so that the number of
workrooms is expanded from 8 to 10 rooms, while the
number of employees at the counter is reduced by two
employees, from the current 7 to 5 employees. Since the
time spent in the sampling rooms is the longest working
phase, by introducing only two study rooms, the process is
accelerated for almost 20 patients per hour, representing
almost 60 patients in 3 hours, an increase of 15% on an
observed sample of 400 patients per day.
Based on all of the above facts, it was concluded that
new system is the most optimal solution that, with very
little investment in resources, using existing resources
(employees), ensures the best use of resources, it equips
patient waiting, ensures continuous flow of the process,
provides approximately uniform patient groups according
to scheduling terms, etc.
5

CONCLUSION

The application of the lean concept in healthcare
institutions has become the subject of recent researches.
However, by reviewing available literature, it is not
possible to notice a significant number of studies
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specifically focused on research on the implementation of
lean concepts in clinical laboratories such as laboratories
for clinical biochemistry. Clinical biochemistry
laboratories are very important subsystems of each
healthcare institution because quality work of the
laboratory for clinical biochemistry provides data that are
the basis for medical diagnosis and patients’ treatments. In
the paper, the implementation of the lean concept was
applied with the application of a lean tool for mapping the
VSM process. The process is mapped based on a detailed
system analysis with the aim of identifying all sites that do
not provide a continuous process. When analyzing the
system, through surveys, as well as through interviews,
data were collected from both, patients and employees, in
order to obtain a comprehensive picture of the process.
After creating a new process, based on the lean principles,
a simulation of the system with different parameters was
performed in order to obtain the most optimized process
that provides the fastest workflow, eliminating non-value
added times (NVAT), providing minimum supplies,
shortening the time of analysis of results, waiting times for
patients, etc.
This study finds that by integrating the VSM lean tool
and simulation, it is possible to obtain very significant
improvements in the implementation of the lean concept in
clinical laboratories. The advances are reflected in the
elimination of unnecessary movement of the samples
between the receiving and distribution departments and
clinical biochemistry departments and the amount of
39,000 - 52,000 meters/year, i.e. the unnecessary
movement of employees in the amount of 78,000 - 104,000
meters/year. Waiting for the submission of samples
between the departments was eliminated, which was
between 30 - 90 minutes on a daily basis and at the annual
level of almost 30 working days. At the present system the
daily level of the analysis is about 2,700 analyses, and by
eliminating time for waiting for the samples, conditions are
provided for more analysis in the amount of approximately
80,000 analyses/year. Delivery of the results is no longer
performed in a manual way, but all the results of the
analyses between the departments are submitted
electronically, which, in addition to reducing time, also
reduces the consumption of resources (printing paper,
toner, etc.). The introduction of the patient scheduling
system provides the basis for the creation of minimum
stocks for work resources because based on the number of
scheduled patients it is possible to make a minimum stock
budget, timely planning and procurement of resources for
work. The reorganization of jobs provided an increase in
patient attendance in sampling rooms by 15% on a sample
of 400 patients per day, and the total process time was also
improved by 15%.
It is very important to mention the limitations that the
authors have faced during the research, which is primarily
reflected in the dissatisfaction of the patients with the
process itself, because of the large crowds, due to which a
significant number of patients refused to participate in the
survey. Employee dissatisfaction with the process of work
as well as interpersonal relations in relation to patientemployee and employee-employee were also noticed.
Despite the constraints listed, all participants supported the
changes that began after the research, ranging from the
management of the laboratory to the employees, which
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represent the initial capsule for the successful
implementation of the lean concept. The future focus of the
authors is the study of the impact of the implementation of
the lean concept in clinical laboratories on increasing
patient and employee satisfaction.
6
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