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Abstract

Healthcare improvement is complicated and has become public concern in Thailand during the past decade.
The purpose of this research project is to improve the quality of healthcare and patient satisfaction utilizing
Lean principles. This research is conducted in a middle-sized Pluakdaeng hospital in Rayong, Thailand where
there are approximately 364 patients daily under the supervision of 6 doctors, 6 pharmacists, 53 nurses and 124
supportive staffs. In Lean studies, computer simulation and Value Stream Mapping (VSM) are utilized to define
and eliminate wastes in the hospital business process. Findings indicate that service rate at the hospital can be
increased to 28.98% and the average patient waiting time can be reduced to 28.65%. Future work, improvements,
limitations and suggestions on the current research are also provided and discussed.
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1 Introduction Based on the Toyota model, it focuses on how efficiently

resources are being used and ask, ‘what value is being

Lean management is a series of operating philosophies
that maximize efficiency of any processes. It aims to
change behavior of organization and leads to culture
sustainability changed. Its success is long known in
many industries especially in automobile industry.

added for the customer’ in every process [1], [2]. The
study Lean in healthcare, found that Lean has been
recognized by public services as well as health care.
Central government and local government organization
applied to the organization found that defining lean
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with each research article. Is not the same, the core
of Lean’s philosophy is to develop a method by
eliminating unnecessary steps [3]. Application of
Lean principles in healthcare, in particular a hospital,
should remove duplicate processes and unnecessary
procedures.

Using Lean theory for improving workflow
and applying lean tools to detailed work processes;
in addition, mental health service areas of elderly
patients. The Rapid Process Improvement Workshops
are scheduled to be operational and reported within
90 days. The results from chief nurses in all departments
and senior nurses of the two-day waiting time reduction
program are expected to be within 1-5 days. The rate
of referrals is increased from seven to twenty. Desk
facilities can be tracked and coordinated by the health
IT systems. It is required to log in every time a nurse
enters a ward [4].

VSM is one of a tool in Lean principle. It is a
collection of all actions including both value added and
non-value added that are required to bring a product
or product family using the same resources through
the major flow, starting with raw material until ending
with customer. The removal of waste to reduce the non-
value process from the process. Information system of
the sanatorium analyzes data from site observations,
interviews, and workflows to eliminate waste from the
process; in addition, the application of value stream
to identify problems and develop solutions. These
include: organizing, maintaining, integrating, and
standardizing procedures into nursing information
systems. The uniqueness of this mapping method
simplifies visualization of the cycle time, inventory
at each stage and also human effort together with
information flow [5].

Recently, the health care service has demonstrated
success in applying these principles in the United
States, United Kingdom, Australia and Canada [2],
[6], [7]. Lean management has been applied in health
care process improvement. Many researches [7]-[9]
regarded its implementation to be practical, fitful
and partially applicable. Although research on its
application and sustainability in health care was wide
spread, well understanding was still limited yet explicit.
Previous studies often lacked appropriate conceptual
approach, research designs, consolidate analysis and
well outcome measures [10]. Most studies reported on
successful lean application; whereas, a few reports have

been acknowledged on the failed attempts or barriers
to its implementation in health care. It is therefore
imperative to classify and conceive the previous works
systematically. The effects of lean implementation
especially on clinical workplace and health care are
still doubtful. The research has applied the principle
of lean to the internal information system of the heart
disease clinic. Using VSM and A3 problem solving
to eliminate non-value activities along with data and
workflow improvements, including improvements in
workflow, 67.64% in value-added activities, 32.36%
in non-value-added activities, and a process flow chart
for the future. A3 paper of Intra-operating management
process to clearly visualize the work [5].

The following literature review demonstrates
the use of mathematical models to improve patient
flow and to make the best schedule. The design and
development of the Discrete Event Simulation (DES)
Model based on Object Oriented Paradigm (OOP) has
been described in a study for a physician operating
area. The results show that simulations in a virtual
environment can help in displaying and presenting
analytical results. This model makes it possible to
visualize the detailed mechanism of the treatment area.
This encourages decision-makers to make informed
decisions.

DES technique is a model based on the OOP. The
model is generally used to simulate work processes
which have high degree of freedom. The technique is
sufficient to dynamic, random, variable and uncertain
process and applied to use Discrete-Event Stochastic
(DES) as a decision support tool. The scheduling of
the doctor’s work is divided into 3 periods: morning,
afternoon, and evening, by simulating the patient’s
attendance at each session. It also determines the number
of physicians and extends the physician’s time at
each interval to accommodate patients, reduce patient
waiting times, simulate the situation by increasing the
number of patients by 50% and schedule a doctor’s
work to support the situation [11].

There are many research works that bring HEF
knowledge to business operations by bringing the
science of human interaction to the elements of work as a
strategy to optimize business competition. By targeting
is to maximize employee productivity overall system
performance. By designing a work environment that
fits well with both employees and systems. The results
have been successful in terms of effectiveness, quality,
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Figure 1: The OPD and IPD workflow at a Local Hospital in Thailand.

health and safety including employee satisfaction
on learning and self-improvement [12]. DES model
also used to investigate the real causes in the winter
bed crisis problem. The study of the winter bed crisis
occurred every year during Christmas in British
hospitals. Potential causes were assumed to be the bad
weather, influenza, older people, geriatricians, a lack
of cash and nurse shortages. Another potential source
could be that beds within the hospitals were blocked due
to lack of social services for discharge hospital patients
during the Christmas period. The results showed
that staff leave and public holidays were a possible
explanation of the winter bed crisis and emphasis that
influenza can be excluded as a reason [13].

DES was also used to test the impact of new
services offering to older patients. This case study
determined system capacities, and investigated
potential care pathways after discharging from hospital
by simulation model. One aim of this model is to
estimate the reimbursement costs [14].

A case study is a community hospital with 30
beds-size, located in the industrial park. The hospital
has the doctor/population ratio—1 : 8,867, in addition,

the nurse and staff/population ratio—1 : 1,400. The
current service rate of outpatient and inpatient is
in between 300-500 persons a day. The analyzed
information based on nurse head and nurses in OPD
and IPD together with service information from
October to November 2016 can be concluded to be
the OPD and IPD workflow shown in Figure 1:

OPD gets patient queuing at 7.30. The registration
starts at 8.00 for individual patient demographic
assessment and vital sign measurement which has 1 nurse
and 1 staff officer. The waiting time is found between
5-30 minutes at patient assessment waiting point.

Patient Screening starts at 8.00. This process
includes information filling, patient-record searching,
medical rights verifying and medical right writing/
signing on form i.e. personal insurance, 30 baht-
golden card social security, company welfare, foreign
insurance (AEC labors). There is medical certificate
writing process which has 1 nurse, 1 staff. The waiting
time is found between 5-30 minutes at this point.

Doctor Visiting starts at 9.00. It is a doctor
consultation based upon symptoms. It is found that each
one has an average of 4—10 minutes per case/patient.
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Table 1: Current state time schedule of staffs

Registration Screening Pre-Consultation Diagnostic Room | Post-Consultation Pharmacy
08.00-16.30 08.00-16.30 08.30-16.30 09.00-16.30 09.00-17.00 09.00-17.00
Nurse 1* Nurse 2 Nurse 3* Doctor 1,2, 3,4 Nurse 4 Pharmacist 1
08.00-12.00 08.00-12.00 08.00-11.30 09.00-12.00 09.00.00-12.00 09.00-12.00
13.00-16.00 13.00-16.30 13.00-16.30 13.00-16.30 13.00-17.00 13.00-17.00
*Share Resource
Staff 1 Staff 2 Staff 3* Pharmacist 2
08.00-12.00 08.00-12.00 08.00-11.30 09.00-12.00
13.00-16.00 13.00-16.30 13.00-16.30 13.00-17.00
Post-consultation has nurse filling in the data, making a “
prescript on record, and taking the patient to pharmacy
department. If further physical examination is required, 25
nurse will transfer blood testing/x-ray with accordance 5 20 =OPD
to doctor’s control. When those results are received, § s :g;smrmry
the patient will return back to doctor consultation. The — § = IPD
waiting time is found between 5-15 minutes. g 'g‘?fe;
. . . = Discharge
Lab Testing is needed when further physical 5 Lab
examination is required by the doctor. In case there is no 0 TEmEn b ey
lab testing is required, the patient takes the prescription DS AESAESF S SN SIS S S

and invoice to pharmacy department. Patient will then
wait to be called between 10-30 minutes. After paying
the medical bill, patient needs to wait to be called at
pharmacy department between 10—-60 minutes.

IPD occurs when the doctor requires the patient
to have further treatment as inpatient. Post-consultation
will prepare medical treatment according to doctor’s
instruction and call IPD in order to inform patient’s
record and medical treatment.

Discharge happens when patient recover. The
records of the patient’s treatment provide the recovery
information i.e. discharge planning, scheduling
for medical appointment, invoice and prescription
preparation to the patient and his/her family, the patient’s
family is informed regarding the medical bill and get
medicines at pharmacy department.

Pharmacy Department is a final point which
receives patients from all wards before going home.
Therefore, this point is considered highly important
for service rate.

1.1 Current state time schedule of staffs

The service hours of OPD staff during Monday—Friday.
Number and service hours are demonstrated in Table 1.

1.2  Arrival rate

Due to the uncertainty of service rate, the hospital records

Time

Figure 2: Patient number classified by time and patient
type of services.

show number of patients divided by type of services.
The OPD patients can be divided into § categories
and counted every 30 minutes each day for 30 working
days as shown in Figure 2.

According to patient interview, meeting with
hospital staffs, cause and effect categorization, patient’s
flow-rate and service rate analysis, the Current State
Value Stream Mapping was formed in order to analyze
the capacity planning.

2 Enhancing Capacity Planning with Simulation

The lean principle and DES approach show similarity
process. Therefore, the combination of these 2 approaches
is presented and the research can be divided into 5 steps
as shown in Figure 3.

The information needed, to construct the Current
State Value Mapping in order to analyze capacity
planning using ARENA Rockwell Software, was taken
from patient interview, meeting with hospital staffs,
cause and effect categorization and patient’s flow rate
and service rate analysis shown in Figure 1. Arena has
been widely used in various fields of simulating such
as manufacturing, logistics, transportation, warehouse
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Figure 3: Lean and DES 5 Step Research.

etc. Not only simulating, but also calculating statistical
behavior of sample group so called Input Analyzer.
Input Analyzer has input variables in a form of
stochastic variables. Hence, the basic simulation
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Create IPD
Admit

Create IPD
Refer.
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model was developed based on logical workflow
which shown in Figure 1 as conceptual model. Figure 4
presents the current state models of OPD simulated
by ARENA.

The model was validated by using percentage
of parameter deviation and t-test, which was the
validation test according to ARENA book [15].
The validated model fixed service rate and reduced
patient’s waiting time by extending service time from
8.00-16.30 to 7.30-17.00. However, the doctors’
consultation time remains the same (9.00-16.30).
Transferring nurse 4 from Post-consultation to work
in Screening point at 8.00-9.00 and transferring nurse
1 from registration point to work in Post-consultation
at 16.30—17.00. The staff from registration was moved
to Pre-Consultation at 16.00-16.30. One staff need to
be added at pharmacy department during 12.00-17.00
as shown in Table 2.

3 Current State VSM

The result of Current State VSM has been widely used
to identify problems in OPD system in term of waiting
time, waiting numbers and resource utilization.
In this VSM, many problems are found. They are
categorized into 2 main problems; 1) Average waiting

Create IPD
Discharge

Dispose 2

Pre-consult Primacy

Assign2

Dispose 9

Dispose 6

Figure 4: Current state models of OPD simulated by ARENA.
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Figure 5: Current State VSM.

Table 2: Future state time schedule of staff

Registration Screening Pre-Consultation Diagnostic Room | Post-Consultation Pharmacy
07.30-16.30 07.30-16.30 07.30-16.30 07.30-16.30 09.00-17.00 09.00-17.00
Nurse 1* Nurse 2 Nurse 3* Doctor 1, 2, 3, 4 Nurse 4 Pharmacist 1
07.30-12.00 07.30-12.00 08.00-11.30 09.00-12.00 09.00-12.00 09.00-12.00
13.00-16.30 13.00-17.00 13.00-16.30 13.00-16.30 13.00-17.00 13.00-17.00
*Share Resource Pharmacist 2
Staff 1 Staff 2 Staff 3* 09.00-12.00
07.30-12.00 07.30-12.00 08.00-11.30 13.00-17.00
13.00-16.30 13.00-17.00 13.00-16.30
Nurse 4 Staff 1 Nurse 1 Pharmacist 3
08.00-09.00 16.00-16.30 16.30-17.00 12.00-17.00

time and 2) Patient queue in process.

The waiting time occurred at registration screening
and pre-consultation are in between 12—55 minutes,
which lead to the number of patient to ward equal to
185 persons. The average waiting time at pharmacy
department is 51.56 minutes. The patient in the system
can be found in pre-consultation, post-consultation,

doctor-consultation and pharmacy department at the
rate of 41, 1, 15 and 46 persons respectively at the
time of 17.00. The lead time is 184.75 minutes and
process time is 25.68 minutes. There is 138 patients
can be out of the system by running 100 replication. It
is shown in Figure 5 and simulation of OPD services
shown in Figure 6.
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Figure 6: Simulation of OPD services.

4 Analysis and Comparison of Different Capacity
Planning

As current VSM shows the waiting time and service
rate problem, the capacity planning experimental
design is conducted that not affected on working
system, man and working hours. Three alternatives
capacity planning is created to compare the long
waiting time point as shown in Table 3.

Plan 1: Increasing nurse’s service hours in
registration and screening by starting at 7.30 and
ending as usual at 16.00.

Plan 2: After increasing nurse’ service hours
according to plan 1, the pharmacy department’s service

hours also increases 1 hour by starting at 9.00 and
extending closing hours at 17.00. And also adding 1 staff
during 12.00-17.00, the reshuffle is implemented.
Post-consultation’s service hours are increased by
shuffling nurse 4 to work in registration during
8.00-9.00 and extend service hours to 17.00. The
Staff 1 in registration is transferred to Pre-consultation
during 16.30-17.00. The nurse 1 from registration is
also transferred to work in Post-consultation during
16.30-17.00.

According to the experimental result, plan 2 gives
the best result. Therefore, plan 2 is purposed to be an
improved working system model for OPD ward in
order to have more working efficiency and not affect
the doctors’ schedule.

5 Future State VSM

The analysis of current state VSM shows that adjusting
service time to 7.30, staff shuffling, sharing resource,
transferring staff when patient is crowded and adding
1 staff at pharmacy department during 12.00-17.00
reduce waiting time in registration between 1-20
minutes screening and pre-consultation between 8—68
minutes. It can be decreased 40.46% from the highest
waiting time and lead to increase waiting time for
doctor consultation to 57.70%. The highest waiting
time in pharmacy department can be decreased
35.90%. At 17.00, the patient in the system can be
found in pre-consultation, doctor-consultation and
pharmacy department at the rate of 2, 26 and 12 persons
respectively at the time of 17.00. The lead time is
131.53 minutes and process time is 25.64 minutes.
There is 178 patients can be out of the system by
running 100 replications as illustrated in Figure 7.

Table 3: Comparison of three alternatives with capacity planning consideration on waiting time

Current VSM (Minute) Plan 1 Plan 2
Waiting time at registration 30.16 11.12 4.79
Waiting time at Screening 37.24 24.5 31.08
Waiting time at Pre-consultation 42.71 44.25 28.25
Waiting time at Diagnosis Room 15.90 22.80 31.24
Waiting time at Pharmacy Department 51.56 62.45 26.96
Number of Patient Out (persons) 138 138 178
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Future state value steam map (OPD
Pt Patient
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OPD Screening Consultation Consultation
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*Key: P=Patient, N = Nurse, S= Staff, m= minute, C/T= Cycle time, P/T= Process Time, W/T = Waiting Time, %U = %Ultilization, PQ = Process Queue
Figure 7: Future States VSM.

6 Conclusions

Lean principles and computer simulation techniques
are highly effective approaches for investigating work
systems. It is able to confirm the improvement work
system in order to schedule operation process, adjust
human resource, enhance work efficiency, identify
working hours and reduce waiting time. The major
factor of model simulation is to show efficiency of
healthcare operations by adjusting work flow and
performing current VSM. It leads to the improvement
of work system from future VSM to capacity planning.
The increasing of an hour in service hours (7.30—
17.00), sharing resources and reshuffles when crowded
and not interfering with doctors’ schedule lead to an
enhancement of 28.98% of service rate and reducing
average of 28.65% of patients’ waiting time.
Though, this research tested OPD work load
and identified waiting problem. The lack of human

resources, the staffs’ stress and fatigue, service attitude,
staff development and working facilities problem
still occurred. Those mentioned problems affect
working efficiency of the staff. Those problems not
only influence on service receiver’ satisfaction, but
also hospital environment. Therefore, they need to
be considered in order to enhance efficient work and
service efficiency of the hospital.
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