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CHAPTER |
INTRODUCTION

This chapter discusses on the background and problem statement happened

with hospital supply chain including the objective, scope of work and expected results.

1.1 Background and Problem Statement

Nowadays, hospital industry has been facing pressure from government,
payers, employers and patients to provide safer and more efficient services (Langabeer
et al, 2009). However, medical errors which significant negative impact on patient
safety can commonly occur at every step in hospital process. Medical errors have
become a major issue around the globe since late 1999 when the Institute of Medicine
published its report, which states that as many as 44,000 to 98,000 people die in U.S.
hospitals each year from medical errors (Institute of Medicine, 2000). In year 2006,
the Institute of Medicine found that drug errors harm at least 1.5 million Americans
every year. Actually, medical errors can commonly occur at every step of the
medication process, involving many persons and decision points, from procuring,
prescribing, administering and monitoring (Institute of Medicine, 2007; Dubey, 2006).
The most of errors are happened during prescribing and administration (Institute of
Medicine, 2007). In order to prevent the further occurrence of medical errors, the
system approaches have been proposed and recommended to the health professional
including physicians, pharmacists, nurses and others in hospitals (The Medication
Errors Panel, 2005; Institute of Medicine, 2007). Consequently, hospitals need to
using the assistant technology, modifying system of workplace, and changing in
beliefs and culture of organizations.

Moreover, health professionals are usually involved in medical errors or
defects. Additionally, the major causes of defects in hospital process results from

heavy workload (Al-Shara, 2011). In Thailand, this problem has been worse especially
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in rural public hospital due to a shortage of health professional supply (Pagaiya and
Noree, 2009). In year 2009, there were 35,789 physicians, 120,948 nurses, 24,401
pharmacists and 10,571 dentists in Thailand (Medical Council, 2010; Nursing Council,
2010; Pharmacy Council, 2010; Dental Council, 2010). The health professional ratios
were 5 physicians, 18 nurses, 4 pharmacists and 2 dentists for every 10,000 of the
population. According to World Health Statistics 2011, the ratios for USA were 27
physicians, 103 nurses, 7 pharmacists and 5 dentists for every 10,000 of the
population. In order to solve this problem, the production of health professionals has
been increased to meet the rising demand, the development of infrastructure to support
the functioning of hospital service has been implemented, and logistics supports such
as warehousing, drug and equipment, transportation and communication have been
provided in hospital industry (Pagaiya and Noree, 2009).

Because the demand of care which increasing significantly every year not
balances to the service supply that hospital process can provide due to a shortage of
health professionals and resource limitations, there are many problems related to
delays in hospital process such as long lead time in discharge process, entire treatment
in emergency room and waiting for operation room (Pagaiya and Noree, 2009; Cima et
al, 2011; Heuvel et al., 2006; Koning et al., 2006). Furthermore, hospital process is not
only a source of delays and defects, but also the source of variation which negatively
impacts to quality of the process. There are many problem associated with deviation in
hospital process such as variation in emergency treatment times and operation room
turnaround times (Furthrer, 2012; Heuvel et al. 2006).

Hospital supply chain has specific challenges in quality improvement
because it is a complex service system with many independent stakeholders each
interacting with the others, therefore, requiring both integration and coordination to
figure out the complexity (Penchas, 2003; Tien and Goldschmidt-Clermont, 2009;
Bertolini et al, 2011). Due to the complexity in hospital supply chain, the supply chain
associated with drug or pharmaceutical products in hospital is also complex. Similarly
to hospital supply chain, it consists of multiple flows of product, service and
information involving with multiple stakeholders. Therefore, it is also critical in
ensuring a high standard of care for patients and providing adequate supplies of

medication for pharmacies (Mustaffa and Potter, 2009).
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Moreover, the concept of pharmaceutical supply chain can be applied to
improve quality of the internal process associated pharmaceutical products in
hospitals. Firstly, a hospital warehouse purchases and distributes drugs to hospital
pharmacy, looks like a distributor in the pharmaceutical supply chain. Next, a hospital
pharmacy requests and dispenses prescription drugs to patients, looks like a pharmacy
in pharmaceutical supply chain who purchasing drugs from distributors or directly
from manufacturer and then providing drugs and information to consumers or patients
about the safe and effective use of prescription drugs.

To improve quality and safety, the quality improvement tools and
techniques that have been used in hospital process including Total quality
management (TQM), Continuous quality improvement (CQI), Plan-Do-Check-Act
(PDCA), Six Sigma, Lean, Failure modes and effects analysis (FMEA), the health
failure modes and effects analysis (HFMEA) and Root cause analysis (RCA)
(Hughes, 2008). These various quality tools can be helpful in different situation and
advantages of using associated with specific types of quality tools. Because this
research aims to improve the hospital problems related to delays, defects and deviation
which directly impact to patient safety and supply chain efficiency. Therefore, Lean
and Six Sigma had been choosen for process improvement in hospital.

According to Salah et al (2010), Lean and Six Sigma are the two best
continuous quality improvement methodologies widely used by various industries.
Meanwhile Lean is used to deliver products and services better, faster and at a lower
cost, Six Sigma is used to achieve stable and predictable process results, reducing
process variation and defects (Laureani and Antony, 2010). In recent years, hospital
supply chain has gradually adopted Lean and Six Sigma in hospital process for quality
improvement (Langabeer et al., 2009; Koning, 2006; George, 2003). Lean can provide
value by reducing delays, while Six Sigma can provide value by reducing defects and
deviation in hospital processes (Authur, 2011; Taner et al., 2007).

According to literature review, the application of Lean and Six Sigma in
hospital is relatively new topic, as well as, there is very little research has been
performed in term of Lean and Six Sigma integration in this area. Furthermore, this
research aims to study supply chain related to pharmaceutical products, and provide a

hospital case study using Lean and Six Sigma methodologies to figure out the effect of
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complexity, as well as, improve patient safety and increase supply chain efficiency in
hospital.
Therefore, this research is interested in how to apply Lean and Six Sigma

methodologies for improving drug operation process in hospital pharmacy department.

1.2 Objective

This thesis aims to improve drug operation process of pharmacy

department in hospital using Lean and Six Sigma methodologies

1.3 Scope of Work

This research studied an internal process of a hospital case study only,
and focused on the continuous flow of pharmaceutical products and information in
hospital from the hospital warehouse through pharmacy department to patient at the
out-patient department only, however, the financial flow and cost benefit analysis for

capital investment had not been provided in hospital case study

1.4 Expected Results
This research proposed a process improvement guide to apply Lean and
Six Sigma application in hospital focusing on reducing delays, defects and deviation

for improving patient safety and efficiency of hospital supply chain in Thailand

This thesis is organized as follows: In chapter 2, researcher provides the
literature review on pharmaceutical supply chain, Lean and Six Sigma methodologies,
and the application of Lean and Six Sigma in hospital and other industries. Chapter 3
describes the research methodology. Chapter 4 presents the results from the hospital
case study and implementation of the research. In the last chapter, researcher describes

the contribution from this research through discussion and conclusion.
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CHAPTER I

LITERATURE REVIEW

This chapter reviews the literature related to the research study. Researcher
separates this chapter is divided into three main sections. The first section describes
pharmaceutical supply chain. The second section indicates Lean and Six Sigma
methodologies and discusses the combination of Lean and Six Sigma. The last section
gives an analysis of the applications of Lean and Six Sigma in hospital and other

industries.

2.1 Pharmaceutical Supply Chain

This section will describe pharmaceutical supply chain. It is composed of
two parts as follows: the first one is an overview of pharmaceutical supply chain and

the second one is supply chain management in pharmaceutical industry.

2.1.1 An overview of pharmaceutical supply chain

The World Health Organization (WHO) defines the pharmaceutical
product which more commonly known as medicine or drug as “any substance or
mixture of substances manufactured, sold, offered for sale or represented for use in:
the diagnosis, treatment, mitigation or prevention of disease, abnormal physical state
or the symptoms thereof in man or animal and for use in restoring, correcting or

modifying organic functions in man or animal.”

A supply chain is the sequence of organizations - their facilities, functions,
and activities — that are involved in producing and delivering a product or service.

Therefore, Pharmaceutical supply chain can be defined as a complex of processes,
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operations and organizations involved in the delivery of prescription drugs to
consumers or patients. A typical structure of these supply chains can be show in
Figure 2.1.

Supplier () 4—» =

Figure 2.1 The typical structure of pharmaceutical supply chain

Manufacturer Pharmacy

(Adapted from Shah, 2004 and Zhang et al., 2008)

The pharmaceutical supply chain consists of one or more of the following
nodes: supplier, pharmaceutical manufacturer, distributor, pharmacy, and consumer or
patient (Shah, 2004; Zhang et al., 2008).

Raw material suppliers are placed in the first step of pharmaceutical
supply chain. They trade the pharmaceutical raw materials which are essential to
producing pharmaceutical products to pharmaceutical manufactures.

Pharmaceutical manufacturers produce the prescription drugs in the
pharmaceutical supply chain. They are the key players in the pharmaceutical industry.

Based on Shah (2004), Table 2.1 shows different types of manufacturers.
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Table 2.1 The key players in the pharmaceutical manufacturer (Shah, 2004)

Type of Manufacturer Definition/Responsibility

Brand manufacturers  The large, research and development-based multinational
with a global presence in branded products, both ethical/
prescription and over-the-counter. They tend to have

manufacturing sites in many locations

Generic manufacturers  The large generic manufacturers, who produce out-of-patent

ethical products and over-the-counter products

Local manufacturers  Local manufacturing companies that operate in their home
country, producing both generic products and branded

products under license or contract

Contract manufacturers  Contract manufacturers, who do not have their own product
portfolio, but produce either key intermediates, active
ingredients (Al) or even final products by providing

outsourcing services to other companies

Drug discovery and Drug discovery and biotechnology companies, often
biotechnology relatively new start-ups with no significant manufacturing

companies capacity

Distributors play a significant role in this sector. They purchase
pharmaceutical products from manufacturers and distribute them to a variety of
customers such as pharmacies, hospitals, clinics, drug stores, and other medical
facilities (Shah, 2004; Zhang et al., 2008; The Health Strategies Consultancy LLC,
2005).

Pharmacies are placed in the final step on the pharmaceutical supply chain
before pharmaceutical products reach the consumers or patients. Pharmacies purchase
pharmaceutical products from distributors and occasionally directly from

manufacturers, and then take physical possession of pharmaceutical products. After
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purchasing pharmaceutical products, pharmacies assume responsibility for their safe
storage and dispensing to consumers. Pharmacy operations include maintaining an
adequate stock of pharmaceutical products, providing information to consumers about
the safe and effective use of prescription drugs, and facilitating billing and payment
for consumers participating in group health benefit plans (The Health Strategies
Consultancy LLC, 2005).

Consumers or patients are the end customers belonging to pharmaceutical
supply chain. The consumer in this supply chain is different from other supply chain
due to the complexity in pharmaceutical supply chain. In addition to the parties
directly involving in the pharmaceutical supply chain, physicians also play an
important role in the pharmaceutical supply chain because they are the first to interact
with the consumers or patients who are the end customers in the supply chain.
Physicians typically diagnose patients’ illnesses, prescribe a medication, and are
responsible for ensuring the appropriate quantity and dosage of the prescribed
medication (The Health Strategies Consultancy LLC, 2005).

2.1.2 Supply chain management in pharmaceutical industry

In the past pharmaceutical industry did not adopt supply chain
management concepts. However, now several factors are pressing each component of
the pharmaceutical supply chain to change their traditional manners of conducting
business (Singh, 2005; Ahmad et al., 2009; Sousa et al., 2011). According to
Healthcare & Life Sciences Supply Chain Report 2010, pharmaceutical manufacturers
identified that controlling cost, globalizing supply chain and improving visibility or
tracking are the biggest supply chain priorities, as well as, visibility or tracking issues

are the biggest obstacles to globalizing their supply chain.

Much of the published literature focused on supply chain management in
pharmaceutical industry. In year 2004, Shah found the important issues in
pharmaceutical supply chain design and operation based on literatures and their
collaborative research projects focused on branded products, because this product

group dominates the marketplace and tends to have the most challenging supply chain
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problems. Next, Singh (2005) explored the current supply chain trends in the
pharmaceutical industry then characterized the pharmaceutical industry and identified
excellent supply chain practices. The conclusion represented the underlying dynamics
of the industry are shifting and consequently the pharmaceutical companies should
respond by redefining their business strategies along with developing brand new

operating models.

Moreover, Zhang et al. (2008) conducted technology analysis and market
research for local pharmaceutical industries in Singapore to understand the needs for
supply chain visibility, see Figure 2.2. A specific industry vertical has identified and it
will help conduct further research on PSC and lead to numerous business benefits,
improving customer service and reducing operations expenses for local

pharmaceutical industries.

Pharmacy

( Consumer

Manufacturer Wholesaler ﬁ
&&’SB qﬁ Hospital g
S = e i

= - Clinic
= & | -

Contract

Manufact
\."_l:ﬂr./ h Whnlns-aler_/ Drag Stores
Business Business B
Transaction Transaction
Data (EDI) Data (EDI)
L Recall
Notification
| ey ]
Trace
- - — s

Logistics

Supply Chain Visibility

Figure 2.2 The needs for supply chain visibility (Zhang et al., 2008)
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After that Ahmad et al. (2009) developed a valid and reliable scale for
measuring service quality in distributor-retailer interface of pharmaceutical supply
chain in Pakistan. They found the framework to improve pharmaceutical supply chain
service quality with four dimensions as follows: reliability, assurance, tangibles and
responsiveness. On the other hand, Pedroso and Nakano (2009) studied the technical
information flow and highlight its particular requirements in four large multinational
pharmaceutical companies operating in Brazil. They found that the effective integrated
management of technical information, order information, material and financial flows

is directly related to the success in the pharmaceutical business.

In year 2011, Yu et al. (2010) discussed the performance and distortions of
pharmaceutical market in China and provided some reflection and policy implications
for currently implemented reform. They concluded that the root cause of the market
and government failures is that higher-than-cost drugs preferred by all suppliers. New
drug pricing mechanism is the key to the current pharmaceutical reform and should be
implemented in coordination with other health system reforms.

Moreover, Rossetti et al. examined the pharmaceutical supply chain from
multiple perspectives and identified the major forces that are changing way
biopharmaceutical medications are purchased, distributed and sold throughout the
supply chain. They found the three major forces as follows: compensation, alternative
channels, and product forces and they concluded that the product forces will have the

greatest effect on pharmaceutical supply chain manager’s decisions.

Finally, Sousa et al. (2011) addressed a dynamic allocation or planning
problem that optimizes the global supply chain planning of a pharmaceutical company.
They developed two decomposition algorithms as follows: spatial and temporal
decomposition algorithms and found that these algorithms enable the solution of large

instances of the problem in reasonable time with good quality results.

The literature reviews associated with supply chain management in

pharmaceutical industry are summarized in Table 2.2.
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2.2 Lean and Six Sigma Methodologies

2.2.1 Lean methodology

Lean was developed in the 1970s by Taiichi Ohno in Toyota Production
System (TPS) in Japan, based on the teachings of Ford, Japanese experts, and others,
in order to reduce the wastes that increase process lead time and reduce value added
for the customers (Chiarini, 2011; Salah et al., 2010). Lean is a name derived from the
book The Machine That Changed the World: The Story of Lean Production, published

in the 1990s by James Womack, Daniel Jones and Daniel Roos.

In 1996, they published a second book Lean Thinking, and defined Lean
thinking as “a way to specify value, line up value-creating actions in the best
sequence, conduct those activities without interruption whenever someone requests
them, and perform them more and more effectively. In short, lean thinking is lean
because it provides a way to do more and more with less and less — less human effort,
less human equipment, less time, and less space — while coming closer and closer to
providing customers with exactly what they want”. This book provides the conceptual
framework for categorizing all of the tools and practices of Lean production into five

basic areas, the principle of Lean production can be show in Table 2.3.

Table 2.3 The principle of Lean production (Womack et al., 1996)

Lean Principle Description
Value = Define value from the standpoint of the customer
The Value Stream =  View your product delivery system as a continuous flow

of processes that add value to the product

Flow » The product should constantly be moving through
the value stream toward the customer at the rate of

demand
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Table 2.3 The principle of Lean production (Womack et al., 1996) (cont.)

Lean Principle Description

Pull = Products should be pulled through the value stream
at the demand of the customer rather than being pushed

on the customer

Perfection = The never-ending pursuit of eliminating waste in the
system such that products can flow seamlessly through
the value stream at the rate of demand

Although Lean production is focused on effectiveness in the production
process, Lean thinking is more focused on the efficiency in the company as a whole,

including non-manufacturing: administration, office, and service (Chiarini, 2011).

The core philosophy of Lean is to identify and eliminate waste of the
process, and this is linked to value (Garnes and Vikhagen, 2011). Plenert (2007)
defines value as “a capability provided to a customer at the right time at an
appropriate price, as defined in each case by the customer”. Conversely, waste is
defined as “everything that increase cost without adding value for the customer”
(Dahlgaard and Dahlgaard-Park, 2006).

There are two types of waste or muda in the Japanese work: type 1 muda is
the activities that do not create value but necessary in the process, and type 2 muda is

the activities that do not create value and should be eliminated (Bicheno, 2004).

The original seven types of waste found in any process was identified by
Taiichi Ohno, a Toyota executive in TPS, an easy way to remember the 7 waste is
TIMWOOD: transportation, inventory, motion, waiting, over-processing, over-
production, and defects. Later Womack et al. (1996) added an eighth waste: goods and
services that do not meet the customer’s needs. Moreover, many others have added:
underutilization of people or waste of unused human talent. These wastes were not
originally a part of the seven wastes defined by Taiichi Ohno in TPS, but were found

to be useful additions in practice.
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The primary analytical tool in Lean is the value stream mapping (VSM),
an extended process flowchart with information about speed, continuity of flow, and
work in progress (Koning et al., 2006). This tool highlights non-value-added (NVA)
activities and bottlenecks, as well as provides a holistic picture of the entire value

chain in the focusing process.

Greene (2002) developed a Lean production toolkit and provided the
twenty-seven Lean tools into four categories: flow, flexibility, throughput, and

continuous improvement, the toolkit shown in Table 2.4.

Table 2.4 The tools of Lean production (Greene, 2002)

Category 1: Flow - tools that improve the rate of flow

5S Five Japanese words for creating and maintaining a clean,

organized work environment. Seiri (sifting), Seiton (Sorting),

Seiso (Sweeping), Seiketsu (Standardize), Shitsuke (Sustain)

Production to Takt time is the rate of customer demand for the part or product
Takt time being made. Production to takt time refers to the balancing of
work activities such that the average production rate is

equivalent to takt time, no more no less

Standard Work A series of tasks grouped together such that the sum of the
individual task times is less than or equal to the takt time

Method Sheets Graphical depiction of the work instructions for a group of tasks

at a particular workstation

Visual Controls Use of visual signs and signals to communicate the status of an
operation or production line. Visual controls include any
graphical marking or other visual signal that serves as a quick

and complete communication to an operator or manager.
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Table 2.4 The tools of Lean production (Greene, 2002) (cont.)

Category 1: Flow (cont.)

One-Piece Flow

The ability to produce one part at a station at a time. This is

contrasted with batch production, in which more than one part

is processed at a station before moving to the next station.

Pull Production

Scheduling

As materials are consumed at a downstream operation, signals
are sent back to previous steps in the production process to pull

forward sufficient materials to replenish only those materials

that have been consumed.

Total Productive

Maintenance

A maintenance strategy, which corporates in the operators in
daily maintenance activities, such as, checking for vibrations,

oil and lubrication, etc.

Reliability-Centered

Maintenance

A maintenance strategy in which a detailed Failure Modes and
Effects Analysis is done for each critical piece of machinery,

and explicit maintenance strategies are created.

Preventive

Maintenance

A maintenance strategy in which machines are checked or parts

are replaced at specified time increments or machine usage

Predictive

Maintenance

A maintenance strategy in which machines are analyzed with
special equipment that can predict machine failure based on
vibration, lubrication, temperature, and other analyses, with an

emphasis on planned maintenance

Category 2: Flexibility - tools that facilitate flexibility in capacity or order fulfillment

Set-up Reduction

An organized, scientific approach to reducing the amount of
time it takes to change a machine from producing one product to

another

Mixed-Model
Production

The ability to make several products on the same line in a
random or sequenced order without a massive amount of

changeover time
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Table 2.4 The tools of Lean production (Greene, 2002) (cont.)

Category 2: Flexibility (cont.)

Smoothed Development and use of a consistent and repetitive schedule

Production Schedule across product offerings

Cross-Trained

Workforce

Workers are trained and scheduled to do multiple jobs, thereby
increasing the flexibility of the workforce to move to different

cells and lines dependent upon the demand fluctuations

Category 3: Throughput - Tools that reduce throughput time

Flow Cells Manufacturing or assembling in a layout in which all (or most)
of the parts and machines necessary to complete a part or
assembly are in close proximity of one another

Point-of-Use The preparation of work areas for direct presentation of
Material supplied materials
Storage

Autonomation

Designing a machine to stop automatically when it detects an

error in the production process

Mistake-Proofing

The use of fixturing and tooling to eliminate or reduce the

possibility of errors being made in the assembly of the product

Self-Check
Inspection

Work is inspected before passing it on to the next station

Successive Check

Inspection

Work is inspected at the succeeding workstation

Line Stop

Giving the operator the ability to stop an assembly line or cell

flow when an error is detected in the process

Lean “Kaizen”

Events

A focused improvement event during which a cross-functional
team of operators, engineers, etc. spends several days analyzing

and implementing improvements to a specific work area
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Table 2.4 The tools of Lean production (Greene, 2002) (cont.)

Category 3: Throughput (cont.)

Design-of- Use of statistical tools to analyze a process to determine the
Experiments variables that are affecting specific outcomes.
RCA Problem solving technique in which the team or individual

attempts to drive down to the fundamental cause of the problem

in order to keep it from recurring

Statistical Process  Use of control charts to study processes and determine when the

Control (SPC) process is out of control.

Team-Based Solutions to problems that arise in the production process are
Problem generated at daily or weekly meetings facilitated by the
Solving operators affected.

2.2.2 Six Sigma methodology

Six Sigma was developed in the mid-1980s by Bill Smith at Motorola
Corporation as an improvement concept that focuses on significant reduction of
process defects, later it was further adopted by General Electric and other companies
(such as AlliedSignal, Citibank and Sony) since the late 1990s (Salah, 2010;
Langabeer et al., 2009; Arnheiter and Maleyeff, 2005; Coronado and Antony, 2002;
Antony and Banuelas, 2001).

The evolution of Six Sigma has root traced back to two primary sources:
TQM and the Six Sigma statistics originating at Motorola Corporation (Arnheiter and
Maleyeff, 2005).

In the early and mid-1980s with Chairman Bob Galvin, Motorola
engineers wanted to measure the defects per million opportunities (DPMO) due to the
traditional quality levels that measured defects in thousands of opportunities did not
provide enough quality results (Chiarini, 2011). The core philosophy of Six Sigma

focused mainly on reducing the number of defects and decreasing variability:
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if a process is capable at a variation of + 6 SD/sigma from the mean, there are only 3.4
DPMO would occur (Langabeer et al., 2009).

Therefore, in statistical terms, Six Sigma means 3.4 DPMO, where sigma
is a term used to represent the variation about the average of a process (Coronado and
Antony, 2002). The relationship between defect rate (DPMO) and process sigma level

assuming the normal distribution can be show in Figure 2.3.

1000000
900000 - "
800000 - A%
700000
600000 -
500000 -
400000
300000 |
200000
100000

0

Defect Rate (DPMO)

0 1 2 3 4
Process Sigma

Figure 2.3 The relationship between DPMO and process sigma level

(Source: Linderman et al., 2003)

The key components of Six Sigma derived from TQM. With TQM, quality
was the first priority, the main tools of TQM included the seven tools of quality and
the seven management tools of quality (Arnheiter and Maleyeff, 2005; Sower et al.,

1999) are summarized in Table 2.5.
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Table 2.5 The main tools of TQM (Sower et al., 1999)

The seven quality tools The seven management tools
Control charts Affinity diagrams

Histrograms Interrelationship digraphs
Check sheets Tree diagrams

Scatter plots Matrix diagrams
Cause-and-effect diagrams Prioritization matrices
Flowcharts Process decision program charts
Pareto charts Activity network diagrams

Nowadays, Six Sigma is a broad long-term decision-making business
strategy rather than a narrowly focused quality management program (Arnheiter and
Maleyeff, 2005). In business terms, Six Sigma is defined as “a business improvement
strategy used to improve business profitability, to drive out waste, to reduce costs of
poor quality and to improve the effectiveness and efficiency of all operations so as to
meet or even exceed customer’s needs and expectations (Antony and Banuelas,
2001)”. Moreover, Linderman et al. (2003) defined Six Sigma as “an organized and
systematic method for strategic process improvement and new product and service
development that relies on statistical methods and the scientific method to make

dramatic reductions in customer defined defect rates”.

There are two types of the Six Sigma methodologies: Define-Measure-
Analyze-Improve-Control (DMAIC) and Design for Six Sigma (DFSS) (Nonthaleerak
and Hendry, 2006). First, DMAIC is an acronym for five phases: Define, Measure,
Analyze, Improve, and Control, and is widely used for a current process or an existing
product/service performance. Second, DFSS is an acronym for Design for Six Sigma,
and is applied to develop a new product or process. The literature reviews on Six

Sigma in this research will focus on the DMAIC structure only.
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There are three main elements of Six Sigma: a quality statistics, a
philosophy, and a Continuous improvement (Cl) methodology (O’Rourke, 2005).
First, the quality statistics: Six Sigma allows 3.4 DPMO, and it is associated with the
cost of poor quality. Second, the philosophy: Six Sigma provides the data and
statistical analysis tools for systematic process improvement. Third, the CI
methodology: the DMAIC of Six Sigma provides the five-phase approach to
accomplish ClI, a detail explanation of the DMAIC structure to achieve CI and Six

Sigma tools and techniques for service processes are described in Table 2.6.

Table 2.6 The description of the DMAIC and Six Sigma tools and techniques for

service processes to achieve Cl (Adapted from Salah et al., 2011 and Antony, 2006)

Phase Description Tools/Techniques
Define Projects are organized, Tools: Process mapping,
improvement goals are set, and Brainstorming, SIPOC , GANTT
the overall value of the projectis  charts, Cost-benefit analysis,
determined Project team charter
Techniques: Quality costing, QFD
Measure  The process is mapped and Tools: SERVQUAL, GANTT
relevant data are collected charts, Histograms, KANO model
Techniques: Quality costing,
Process capability analysis,
Benchmarking, Service FMECA
Analyze The statistical tools are applied to  Tools: Brainstorming, RCA,

analyze the collected data to
determine process capability and

sources of variation

Hypothesis testing, SIPOC,
GANTT charts, Regression and
correlation analysis, Pareto
analysis, Histograms, Affinity

diagram
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Table 2.6 The description of the DMAIC and Six Sigma tools and techniques for

service processes to achieve CI (cont.)

Phase Description Tools/Techniques

Improve The knowledge gained from the Tools: Brainstorming, RCA,
measure and analyze phases is SERVQUAL, GANTT charts

used to generate possible Techniques: Quality costing,

solutions Process capability analysis
Control The improved process is validated Tools: GANTT charts, Control

and handed over to the process charts

owner Technique: SPC

2.2.3 The combination of Lean and Six Sigma

Lean and Six Sigma are the two best Cl methodologies widely used by
various industries (Salah et al., 2010). Lean is used to deliver products and services
better, faster, and at a lower cost. Meanwhile, Six Sigma is used to achieve stable and
predictable process results, reducing process variation, and defects (Laureani and
Antony, 2010). Lean is developed within TPS in the 1970s by Taiichi Ohno, based on
the teaching of Ford, Japanese experts and others, meanwhile, Six Sigma originally
introduced within the Motorola Corporation in mid-1980s by Bill Smith (Laureani and
Antony, 2010; Salah et al., 2010; Koning et al., 2006)

The George Group is the first to integrate and popularize Lean with Six
Sigma called “Lean Six Sigma” in the 1986s (Salah et al., 2010). Lean Six Sigma
(LSS) provides a set of tools from both Lean and Six Sigma toolboxes, in order to get
the best of the two methodologies, maximizes shareholder value by achieving the
fastest rate of improvement in customer satisfaction, cost, quality, process speed, and
invested capital (Laureani and Antony, 2010; George, 2003). In addition, George
(2003) states that “Lean cannot bring a process under statistical control”, as well as,
“six sigma alone cannot dramatically improve process speed or reduce invested

capital”.
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2.2.4 The implementation of Lean and Six Sigma

The evolution of Lean and Six Sigma had started in the 2000s (Byrne et
al., 2007; Salah et al., 2010). Salah et al. (2010) refer to Sheridan (2000) who had used

the term lean sigma to describe a system that combines both Lean and Six Sigma.

Some companies who had used Six Sigma before Lean are still calling it Six Sigma

and others use the term Six Sigma Lean (Bryrne et al., 2007). Similarly, some

companies call it LSS or Six Sigma Lean depending on which methodology they

choose as the leading initiative (Salah et al., 2010). There are four model types of

Lean and Six Sigma implementation found in difference organizations, see Table 2.7.

Table 2.7 The types of Lean and Six Sigma implementation in organizations

(Adapted from Salah et al., 2010)

Type Description
1 Six Sigmais  Lean as an encompassing methodology that uses Six Sigma
part of Lean as a tool within it, such as a Kaizen idea that appears in a
VSM exercise
2 Leanispartof Six Sigma as an encompassing methodology that forces
Six Sigma some Lean tools into the DMAIC structure
3 Leanisparallel Case 1: Six Sigma and Lean are used separately from each

to Six Sigma

other (to tackle different problems), according to the

classification of the project

Case 2 : Both Six Sigma and Lean are applied in parallel (as

when applied to the same problem, but separately)

Case 3 : One is applied after another in series (as when

applied to the same problem)
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Table 2.7 The types of Lean and Six Sigma implementation in organizations (cont.)

Type Description

4 Integration of  Both Six Sigma and Lean are applied concurrently, such as
Leanand Six  a proposed integrated model for LSS of Salah et al. (2010)
Sigma that recommends integrating both Lean and Six Sigma tools

into the DMAIC structure at the same time

2.2.5 The comparison of Lean and Six Sigma

Lean and Six Sigma methodologies are different but complementary, both
attempt to improve the process: Lean assumes that waste removal will speed up the
process by which improving business performance, Six Sigma assumes that process
variations result in process problems and the reducing process variation will improve
business performance (Salah et al., 2011; Nave, 2002). The comparison of Lean and

Six Sigma methodologies is explained in Table 2.8.

Table 2.8 The comparison of Lean and Six Sigma methodologies (Nave, 2002)

Lean Six Sigma

Theory : Remove waste Reduce variation
Application Lean Principle Six Sigma DMAIC
guidelines : 1. ldentify value 1. Define

2. ldentify value stream 2. Measure

3. Flow 3. Analyze

4. Pull 4. Improve

5. Perfection 5. Control

Focus : Flow focused Problem focused
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Table 2.8 The comparison of Lean and Six Sigma methodologies (cont.)

Assumptions :

- Waste removal will improve
business performance

- Many small improvement
are better than system

analysis

- A problem exists

- Figures and numbers are valued
- System output improves

if variation in all processes is

reduced

Primary effect:

Reduced flow time

Uniform process output

Secondary - Less variation - Less waste
Effects : - Uniform output - Fast throughput
- Less inventory - Less inventory
- New accounting system - Fluctuation-performance
measures for managers
- Improved quality
Criticisms : Statistical or system analysis ~ System interaction not considered

not valued

Processes improved

independently

As highlighted in Table 2.8, the comparison of Lean and Six Sigma

methodologies is not only provided the focus of each, but also concentrated on the

secondary effects of each methodology which mirror the primary focus of another
method (Salah et al., 2011; O’Rourke, 2005; Nave, 2002). Therefore, the two

integrated approach is possible and beneficial, as well as, it provides organizations to

accomplish results at all project levels and sizes, from the point of improvements on

the shop floor to complex projects requiring significant analysis (Salah et al., 2011;

Salah et al., 2010).

The nature of improvements when organizations practice only Lean or Six

Sigma, and the integrated approach is shown in Figure 2.4.
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Figure 2.4 The nature of competitive advantage when organizations practice only
Lean or Six Sigma, and the integrated approach (Arnheiter and Maleyeff, 2005)

In Figure 2.4, the horizontal axis represents the customer’s perspective of
value, including quality and delivery performance, and the vertical axis represents the
producer’s cost to provide the product or service to the customer. Arnheiter and
Maleyeff (2005) summarized the three types of improvements: The first type, under
either system, improvements will be made, but these improvements will begin to level
off at a certain point in time. The second type, with Six Sigma alone, the leveling off
of improvements may be due to the emphasis on optimizing measurable quality and
delivery metrics, but ignoring changes in the basic operating systems to remove
wasteful activities. The last type, with lean management alone, the leveling off of
improvements may be due to the emphasis on streamlining product flow, but doing so
in a less than scientific manner relating to the use of data and statistical quality control
methods.
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2.2.6 The relationship between Lean and Six Sigma

LSS can be described as a methodology that focuses on the elimination of
waste and variation using DMAIC structure to accomplish customer satisfaction with
regards to quality, delivery, and cost (Salah et al., 2010). The relationship between the
five Lean principle and Six Sigma DMAIC is shown in Figure 2.5.

Lean Six Sigma
Identify ——» Define
v v
Map Measure
\J : v
Flow Analyze
v : I 2
Pull Improve
v N 2
Perfect —» Control

Figure 2.5 The relationship between Lean and Six Sigma (Salah et al., 2010)

The first principle, which is to identify value of the customer, is also
included in the define phase. The current state mapping of process includes measuring
and data collecting which is the basis in the analyze phase. In the improve phase, the
process is adjusted to make the value flow better in the future state mapping and to
move towards a pull system. Finally, the control phase includes the perfection
principle by introducing controls and procedures in order to achieve continuous

improvements (Salah et al., 2010).
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2.3 The Application of Lean and Six Sigma in Hospital and Other

Industries

Lean and Six Sigma are business process improvement methodologies
original and widely used in manufacturing industry to improve process efficiency and
quality (Roth and Franchetti , 2010; Schweikhart and Dembe, 2009). Recently, these
methodologies have been applied and very popularize outside the manufacturing, such
as, in service industry (Laureani and Antony, 2010; Delgado et al., 2010), as well as,
in hospital industry (Cima et al., 2011; Koning et al., 2006).

Moreover, hospital service should be concerned about patient safety and
supply chain efficiency due to government, employers, payers, and patients to provide
in hospital supply chain (Langabeer et al, 2009). In recent years, Lean and Six Sigma
have been gradually adopted in the hospitals in order to eliminating medical errors and
improving patient safety (Langabeer et al., 2009; Koning, 2006; George, 2003). Lean
can provide value by reducing delays, while Six Sigma can provide value by reducing

defects and deviation in healthcare processes (Authur, 2011; Taner et al., 2007).

However, Cima et al. (2011) and Taner et al. (2007) highlighted that
process mapping, leadership support, staff engagement, sharing key performance
metrics, and high level of internal communication are keys to accomplish hospital
process improvement efficiency. Meanwhile Taner et al. (2007) concluded that the
lack of financial investments, human resources, time, and leadership, and the poor of
training and project selection, as well as, internal resistance are key barriers of the
implementation of process improvement in hospital. Moreover, Authur (2011)
introduced a set of Lean and Six Sigma tools that widely used to successfully improve
hospital processes are as follows: VSM, Ishikawa diagrams, Control charts, Pareto

charts and Histograms.

The application of Lean and Six Sigma in hospital and other industries are
summarized in Table 2.9. In concluding, there are three types of Lean and Six Sigma
implement in hospital industry are following: the first type is Lean alone (Teichgraber

and Bucourt, 2012), the second type is Six Sigma alone (Furterer, 2012; Kumar et al.,
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2009; Taner et al., 2007), and the last type is the combining of Lean and Six Sigma
(Cagliano et al. 2011; Cima et al., 2011; Koning et al., 2006).

In term of Lean and Six Sigma integration, VSM and Six Sigma DMAIC
structure play the major role in hospital improvement projects. In 2011, Cagliano et al.
developed a supporting decision making to reduce failure and waste for patient safety
in a hospital pharmacy department. They applied Lean and Six Sigma tools including
seven wastes of TPS, FMEA and waste analysis into their approach. However, there is
a shortage of research that provides the use of Lean and Six Sigma DMAIC for
pharmaceutical products in hospital process improvement which is very crucial in this

area.
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CHAPTER I
RESEARCH METHODOLOGY

This chapter describes the research methodology. Researcher separates this
chapter into three main sections. The first section presents the step of research
methodology. The second section describes the research tools as to support the

research methodology. The last section shows the research framework.

3.1 Step of Research Methodology
The research methodology consists of seven steps to achieve research
successfully. The description details for each step of research methodology are

following:

3.1.1 Study and state background problems

This step studied and stated the main problems which occur in hospital
industry. Not only finding the main problems, but we also study the way to figure out
the key issues and improve the efficiency of this supply chain.

The results from literature review show that the three main problems
related to defects, delays and deviation in hospital process have directly impacted to
patient safety and efficiency in hospitals. The first problem is the problems related to
defects, the heavy work load due to inefficiency process and system is major causes of
defects. The second problem is the problems related to delays, the major cause of
delays results from the unbalancing in demand of care and hospital service supply. The
last problem is the problems related to deviation, the enormous variance occurs in

hospitals due to inefficient processes and systems.
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3.1.2 Study related theory and literature

This step is to study the theory and literature related to the key problems.
The key structure of theory and literature is divided into three parts including:
pharmaceutical supply chain, Lean and Six Sigma methodologies, and the application
of Lean and Six Sigma in hospital and other industries. Finally, we give an analysis of
the literature review and propose the research gap and define the research question for
this study.

According to literature review, there is a shortage of research about the
application of Lean and Six Sigma integration in supply chain related to
pharmaceutical products in hospital industry. Therefore, this research is interested in
drug operation process improvement for figuring out the effect of complexity in

hospital process and improving patient safety and supply chain efficiency.

3.1.3 Define objective and scope of study

As review on the previous step, the objective of this research has been
defined in order to answer the research question. In addition, the scope of study has
been established in order to identify the specific area of this research.

This research aims to improve drug operation process of pharmacy
department in a hospital pharmacy department in Thailand using Lean and Six Sigma
methodologies. However, this research has scope to study only in an internal process
of the hospital case study and focused on the continuous flow of pharmaceutical
products and information from the hospital warehouse though hospital pharmacy to

patient at the out-patient department only.

3.1.4 Develop Lean and Six Sigma framework

This step is to study the previous literature related to the application of
Lean and Six Sigma in hospital and other industries, and develop a modified Lean Six
Sigma approach. Then apply the modified Lean Six Sigma approach in the
improvement framework for a hospital case study.

Additionally, the description details result from developing the modified

Lean Six Sigma approach have been described in the next part, as well as, the process
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improvement framework for a pharmacy department of the case study has been

provided in the next chapter.

3.1.5 Use of Lean and Six Sigma framework

In this step, the improvement framework integrated with the modified
Lean Six Sigma approach in the previous step was used to improve the specific
process in a hospital case study.

In addition, the results from drug operation process improvement in

pharmacy department of a hospital case study have been provided in the next chapter.

3.1.6 Analyze and conclude
In this step, the results from the application of Lean and Six Sigma in a
hospital case study have been analyzed and concluded, as well as, the limitation of this

research and the recommendations for further research has been given in chapter five.

3.1.7 Develop process improvement guideline

In the last step, the process improvement guide to apply Lean and Six
Sigma application has been developed and proposed to hospital in Thailand. The
description details and conclusion of the guideline have been shown in chapter four

and chapter five respectively.

3.2 Research Tools
In this section, the research tools in order to support the research
methodology in the previous section were described, in term, a set of tools for a

hospital case study.

3.2.1 Case study method

A case study is defined as “an empirical inquiry that investigates a
contemporary phenomenon in depth and within its real-life context, especially when
the boundaries between phenomenon and context are not clearly evident” (Yin, 2009).

The case study may lead to both qualitative and quantitative results, thus it gives a
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better understanding of the nature and complexity of the complete aspect (Garnes and
Vikhagen, 2011). Interview and observation are often used in case studies, because of
these, there are time consuming in case studies. Moreover, there is necessary need
multiple methods and tools for the case study.

This research used a pharmacy department of a Medical Center as the case
study and focused on the internal process of drug operation process in the hospital case
study. Because supply chain in hospital is complex system, drug operation process was
separated into core service process and support supply process. In process
improvement, Semi-structured interview and On-sited observation were used to
support drug operation process improvement using the modified Lean Six Sigma
approach in the hospital case study.

3.2.2 A set of tools for a hospital case study
This research aims to apply Lean and Six Sigma methodologies in a
hospital case study in Thailand and a set of tools that can be used to support the case

study method are following:

3.2.2.1 Semi-structured interview

This tool was chosen as a data collection method, it is a
qualitative data collecting method which especially appropriates for descriptive and
exploratory studies (Ellram, 1996; Yin, 2009). While a structured interview has a
formalized, limited set of questions, a semi-structured interview is flexible and allows
for new questions to be brought up during the interview as a result of what the
interviewee says, generally, the interviewer in a semi-structured interview could have
a framework of themes to be explored (Lindlof and Taylor, 2002).

In this research, researcher defined and created the interview
framework including flexible questions for Semi-structured interview and it had been
used as an interview script during collect data from the interviewee including
pharmacists, warehouse staff and pharmacy staff. Moreover, voice recording had been
used and very helpful because it could prevent errors from data collecting. Finally, the

interview reports were summarized and used as the interview data for this research.
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3.2.2.2 On-sited observation

On-site or direct observation is an important tool that can be
both formal and casual data collections in any processes. Therefore, it may be useful to
provide additional information about the topic. The significant advantage of this
method is that the situation is studied in real time, thus the information is up-to-date.
On the other hand, this observation may be very time-consuming and there is need for
several observers to broad coverage of the situation (Garnes and Vikhagen, 2011; Yin,
2009).

In this research, on-sited observation had been used to collect
the observation data for better understand the complicate process in the hospital case
study. In addition, it had been used to collect quantitative data such as cycle time,
waiting time and queue at the hospital pharmacy for improving drug operation process

using the modified Lean Six Sigma approach.

3.2.2.3 A modified Lean Six Sigma approach

According to literature review, Lean and Six Sigma
methodologies can be applied to improve problems related to delays, defects, and
deviation in hospital processes, and DMAIC structure can be used as effective
approach to achieve process improvement using Lean and Six Sigma in several
hospitals. However, the implementation of Lean and Six Sigma is slowly adopted due
to the need of specific training for improvement teams, which comes at a cost to the
business. Additionally, hospital is a non-profit ownership and health professionals
have heavy workload on their medical service, so it is difficult to take weeks or
months for participating Lean Six Sigma certification.

To accomplish this research, a modified Lean Six Sigma
approach is developed for improving delays, defects and deviation problems, and it
played an important role in drug operation process improvement. Researcher
established the modified Lean Six Sigma approach from the combination of Lean
principles and Six Sigma methodology based on the main concept of DMAIC
structure. The problem-solving approach for Lean and Six Sigma application is shown
in Figure 3.1, and the results from the hospital case study will be provided in the next

chapter.
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The Modified Lean Six Sigma
Approach

L Define key problems, or critical areas
for improvement

-
Understand and document the current process
-

Identify value and waste of the process

< =
= Choose the appropriate methods to solve
the problem, or improve the process

= =

Lean Six Sixma

Reduce delays Reduce defects, deviation

¢

2 Create the improved process using
Lean and Six Sigma application

&

Develop a quality control plan

s

Validate the improved process

¢

8 Hand over to the process owner
for continuous improvement

Figure 3.1 The modified Lean Six Sigma approach
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3.3 Research Framework
The research framework is used to study the application of Lean and Six

Sigma in hospital is shown in Figure 3.2.

Literature
review

Literature
review

Study Lean methodology Study Six Sigma methodology «—

<t <L

Study the integration Lean and Six Sigma

<L

Research Question

How to apply Lean and Six Sigma methodologies to improve
drug operation process in hospital pharmacy department

<L

Develop a modified Lean Six Sigma approach

~>

Case Study
Drug Operation Process of a Medical Center

On-sited
observation

Semi-structured
interview

Lean Defects Deviation Six Sigma

~>

Develop a process improvement guide to apply
Lean and Six Sigma in Hospital

~>= ~=

Goals

Patient Safety Supply Chain Efficiency

Figure 3.2 The research framework
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CHAPTER IV
HOSPITAL PHARMACY CASE STUDY

This chapter presents the results of this research. Researcher separates this
chapter into four main sections. The first section describes a case study in Thailand.
The second and third sections develop an improvement framework for the application
of Lean and Six Sigma in the hospital pharmacy department then provide the results
from process improvement. The last section, the implementation of the research has

been provide for improving health service in Thailand.

4.1 Case Study

4.1.1 Hospital background

The hospital case study in this research is a Medical Center affiliated with
a public research university Thailand. The Medical Center provides the medical and
healthcare services for general public. It offers the excellent specialized medical
services and the educational center for the advanced studies for health professional. It
has 78 in-patient beds and accredited by ISO/IEC 27001:2005 (ISMS) and Hospital
Accreditation (HA). In 2011, it has capacity for 150,294 out-patients per year or 578
out-patients per day, and 1,237 in-patients per year.

4.1.2 The focus on pharmaceutical products

This study focused on the continuous flow of pharmaceutical products and
information in the hospital case study from the warehouse though pharmacy to patient
at the out-patient department only. The typical structure of pharmaceutical supply

chain of the case study is shown in Figure 4.1.
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| s ey |

Figure 4.1 Pharmaceutical supply chain of the hospital case study

The warehouse and pharmacy were under control by the Department of
Pharmacy in the Medical Center. The warehouse has stored approximately 700 items
of pharmaceutical products, and it is operates by 2 pharmacists, 3 staff and 1 clerk.
The OPD pharmacy has served 300-400 prescriptions per day, and it is operated by 4
pharmacists and 6 staff.

The operation process related to the flow of pharmaceutical products is
shown in Figure 4.2. The value chain of the Medical Center’s drug operation process

consists of two main processes including: core service process and support supply

process.
Core Service Process
Prescribe drug _| Prepare drug for | Pay for drug .| Dispense drug
to Patient i patient " and service | to patient
Support Supply Process
A 4
Purchase drug | Receive & manage| | Replenish drug | Request drug
from suppliers | inventory " to pharmacy " from warehouse

Figure 4.2 The value chain of the Medical Center’s drug operation process

4.2 The Improvement Framework

Semi-structured interview and on-sited observation were chosen as the
important tools for detailed understanding on the current state and the key problems of
the case study needs for Lean and Six Sigma implementation. The improvement
framework for a pharmacy department in the Medical Center is shown in Figure 4.3.



Tanaporn Punchaipetch

Hospital Pharmacy Case Study / 48

O

-

failure risk of core service
process

Increasing drug operation
process efficiency

[ Semi-structured interview
[J  On-sited observation

v

-

Goals
Patient Safety - » Supply Chain Efficiency
% %
Methodology
Applications Tools
The Modified Approach s
(] Reducing lead time of core Using Lean and Six Sigma Six Sigma Lean
service process [l SIPOC [J  Eight waste
[J  Reducing medical errors or DPMO [ VSM

Pareto charts 1 Value analysis
Histograms 1 Pull system
Control charts

FMEA

v

-

Area of Improvement

C Medical Errors ) C Long Lead Time ) (Process Inefficiency)

< Core Service Process

<< Support Supply Process <

Drug Operation Process

1

K

Suppliers The Medical Center Customers
< Warehouse << Pharmacy <
Distributors
‘Procurement‘ ‘ Finance ‘ ‘ Physician ‘

Supply Chain and Stakeholders of the Hospital Case Study

Figure 4.3 The improvement framework for a pharmacy department

in the Medical Center

4.3 Use of the Modified Lean Six Sigma Approach

In this section, researcher applied the modified Lean Six Sigma approach
which was presented in the previous chapter to improve drug operation process of the
Medical Center. To achieve the goals of patient safety and supply chain efficiency, the

eight main steps for Lean and Six Sigma application are following:
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Step 1: Define key problems, or the critical area for improvement. This
step is to validate a problem statement of drug operation process of the Medical
Center.

There are two main problems in drug operation process of the hospital
pharmacy department in the case study. First, the out-patients had complained about
the long duration in getting pharmaceutical products from the Pharmacy. Second, the
Pharmacy staff had a heavy workload, especially on the peak period when the out-
patients were over-crowded.

The drug operation process was chosen as the critical area of improvement
in the Medical Center. The applications of Lean and Six Sigma in drug operation
process of the Medical Center are following: reducing lead time of core service
process, reducing medical errors or failure risk of core service process, and increasing
drug operation process efficiency.

The key performance indicators (KPIs) for Lean and Six Sigma application
in the Medical Center are following: First, Lead time - the total time of OPD pharmacy
flow and the total time of OPD patient flow. Second, Process efficiency - the process
efficiency of OPD pharmacy flow and the process efficiency of OPD patient flow.
Third, Failure risk - the total RPN of core service process and the total RPN of support
supply process.

To analyze causes of the major problems, Cause and Effect diagram or
Ishikawa diagram is a visual tool used to identify, explore and graphically display,
increasing detail, all the possible causes related to a problem or condition to discover
root causes. In Figure 4.4, the long lead time in getting drug from pharmacy depends
on 10 factors which are classified into 4 main categories: health professionals, IT and
infrastructure, patients, and drug operation process. In Figure 4.5, the medical errors in
drug operation process depend on 9 factors which are classified into 4 main categories:
health professionals, patients, prescription drugs, and drug operation process. As well
as, Figure 4.6 illustrated that the process inefficiency in drug operation process
depends on 25 factors which are classified into 6 categories: drug operation process,
health professionals, IT and infrastructure, inventory management, patients, and
prescription drugs. The summary of factors for long lead time, medical errors and

process inefficiency problems is shown in Table 4.1.
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Step 2: Understand and document the current process. This step is to
understand the current state of drug operation process, such as, material and
information flows, suppliers and customers of the process.

Suppliers-Inputs-Process-Outputs-Customers (SIPOC) is a simple diagram
for identifying the basic elements of drug operation process. The SIPOC diagram of
drug operation process is shown in Figure 4.7. There are four main process steps in the
core service process including prescribe drug to patient, prepare drug for patient, pay
for drug and service, and dispense drug to patient. Another four main process steps in
the support supply process including request drug from warehouse, replenish drug to
pharmacy, purchase drug from suppliers, and receive and manage inventory.

The current state of drug operation process is developed by creating
detailed process maps of the core service process and support supply process, shown
in Appendix A. We also established system maps for the core service process, shown

in Figure 4.8, and the support supply process, shown in Figure 4.9.

Core Service Process

+ Physician - Diagnosis Prescribe drug + Prescription - Patient
- Patient + Patient information to patient information + Pharmacy staff
- Patient + Queue card Prepare drug - Payment slip + Patient
- Pharmacy staff - Prescription for patient - Prescription drug - Financial officer
+ Drug label 7 * Pharmacist
- Patient - Queue card Pay for drug - Receipt - Payers
- Financial officer - Payment slip and service
v
- Patient + Receipt Dis + Drug instruction * Patient
: . pense drug
Pharmacist Prescription drug to patient Cut off stock
Support Supply Process
+ Pharmacy » List of drug for Request drug * Request form + Warehouse
fulfillment from warehouse
+ Warehouse - Request form Replenish drug + Drug transfer * Pharmacy
to pharmacy
v
- Warehouse - Purchase requisition Purchase drug - Purchase order Suppliers
* Procurement + Sale and purchase from suppliers
agreement 7
- Suppliers - Delivery order Receive and - Drug + Warehouse
+ Procurement - Receipt document manage inventory * Drug information

Figure 4.7 SIPOC diagram for drug operation process in the Medical Center



ineering) / 55

M.Eng. (Industrial Eng

$$9204d 921AJ8S 8109 8y} 40} dew WaISAS 't aanbi4

Apigeaoen oN ¢ Anpiqeasel] ¢
ssanord ssaooxd
purjsiapun jou ‘g pueisiapu) ‘g
SUI ()¢ < Snup SUIW ()§ >

Fumad o1 [  Snip Sumad o) ][

j21) pox)

SISA[ety der) 1oto)sn,)

ssaooad

Sunjorn jo yor ¢ Supporl]

_uuﬂﬁum_QEOU € ssaooxd qoows "¢

sjo0) Surnzoddns
Joyou[ 7 sjoo) Funtoddng

JjEIS pawenun ¢ JjeIs pas g

umop Aojuanbai] ‘g Ylom wsAg 7 peopjIom AARDL 7 JjeIs aenbapy g
SI0L10 [BIIPAJA] “| Aoemooy | Ioaowmm) YSI [ IeAowmn) mo |
120 |pory 120 Jpor)

SISA[eUy der) ssa001]

SISAeny den) orddng

»

> siuredwos
Iawoisnyy |

doo1 e paa]

»

sjurepdwos Jerg |

dooT e pea]

( uaned-mng -

A .
Dwosn)

< { els Aoewire
uonanysur Snicy \_ 3 Ud
yaned o) 3nip ssuadsi(y -

) ’ v « A\ oo feoueur] | P
201ATas pue Snap 10§ Aed €D aotoal] /1oy \ : : ) 5
anip uondrmsarg yaned 10y Snap aredaig 7D p- 5
e ed 01 3 SRR { e i
smdmg Juanjed 0] BNIP QLIS 1D UOT)RULIOJUT JUANE ] S

N { urIdIsAy

§38S2201d UOT)BULIOUT EO.EQfUmU.i \ 5L

A

DDENEDI—HDH— 1sed T

smdag

DUEN_..EGHHDAH 1sed T

owm Juntep |

awmn 2L °

00T pIEAIO ] Paa ] 00 pIEMIO [ pad,]

Aoua101]2 $sa301d FUISEAIDUL PUE ‘SIOLId [RIIPSUT TUNRUIWID ‘SWT) praj Sudnpay :s2and3lqo

§5320.14 INAG 210)) :dey wasig

Fac. of Grad. Studies, Mahidol Univ.



Hospital Pharmacy Case Study / 56

ssa20.d Ajddns 1i0ddns sy 40} dew walsSAS 67 94nbi4

Aupiquasen oN 7

Aupqeasna, 7

uryorrn Jo You
ssaooxd
paearjdwo)) ¢

Jywis paurenup) -7

Sunpel] t 7
ssaooad yroowsg ¢

J3es palis g

s[ooy untoddns
JoyouT

UOIBUIPIOOD J0O] “¢

Kotjod ajqrxapuy g

S[00}
Sunzoddng

uonerfauy ¢

Kajod 21qrxal g g

32018 1A
/o015 JonQ [ | Snap juamong | SI0LI2 UBWIN “| Kowmoay °| sKB[a(] [ | Asaar[ap Afpuif, “|
120) Jpony 120) Jpory

SISATeTy der) 1ato)sn,) SISAJerry den) ssad0l ]

suodar Lorwwey ] ‘7

spodal asnoyales ‘7

Y

syurepdwons jyeig | sumepdwon jpeig |
00T So%ET Pad] 00T S[oeE] Pad]
¢ [ )s Aoeue
- o 3sanbay \ ] H 1d
AI01U2AUL dFRUBW PUE JAIDINY HS - -

- . . R < { asnoydIe p\ ) &
o , sta1pddns woiy Snip aseqamg ‘€8 | () uonismbar aseyom g ]
( 11081 —— -

\ d Iajsuen 3ni(] Aowrreyd oy Snap ysruapday] s f AWAIND0 / .W
§ . < { JUDTWIDINDOI] )
A 19 \
PwoIsn ) sidjng | snoudiem woly 3nip jsonbay [§ (Od) 1op10 aseqpmg - @
< { s1a1pddng
S38SA00I|  uwoneuLojur Fnicy 2 Snacy .
syndu
soueunopiad jsed 7 aoueurioprad 1se ‘7

KLorjod yuawysiuayday |

Aorjod Juawanool *|

Tanaporn Punchaipetch

Aoud121JJ9 ssa001d Sursearou] :s9A193[qQ0

$s32044 Ajddng jaoddng :depy waysAg



Fac. of Grad. Studies, Mahidol Univ. M.Eng. (Industrial Engineering) / 57

Step 3: Identify value and waste of the process. In this step we apply the
seven wastes of TPS to identify the hospital pharmacy waste.

DOWNTIME is an acronym for the eight wastes for healthcare process
including: Defects, Over-production, Waiting, Not clear (confusion), Transportation,
Inventory, Motion, and Excessive processing (Healthcare Performance Partner, 2008).

The definition and examples of each type of the hospital pharmacy waste is shown in

Table 4.2.

Table 4.2 The eight types of waste and examples of the hospital pharmacy waste

(Adapted from Healthcare Performance Partner, 2008)

Type of Waste Definition

Hospital Pharmacy Waste

Defects Work that contains errors or

lacks something of value

Medical errors, Human errors,

Reworks

Over- Redundant work Multiple forms with same
production information Large batch size in
purchasing order
Request for overstocked drugs
Waiting Idle time created when Patient waiting for prescription

people, information,
equipment or materials

are not at hand

drug
Waiting for purchasing procedures

Not Clear People doing the work are
not confident about the best

way to perform tasks

Same activities being performed in
different ways by different people

Unclear prescription orders

Transportation Required relocation or
delivery of patient, material
or supplies to complete
a task

Delivery of drug from warehouse to

pharmacy

Inventory More materials on hand than

are required to do the work

Overstocked drugs in pharmacy,

and in warehouse.
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Table 4.2 The eight types of waste and examples of the hospital pharmacy waste

(cont.)
Type of Waste  Definition Hospital Pharmacy Waste
Motion Movement of people that Patient walks between pharmacy
does not add value and finance
Looking for drugs, information, and
prescription orders
Excessive- Activities that do not add Multiple steps in purchasing
processing value from the patient or procedure

customers perspective Paper based documents in request

drug process

Step 4: Choose the appropriate methods to solve the problem, or improve
the process. This step is to eliminating delays using Lean, and decreasing defects and

deviation using Six Sigma.

Reduce delays: Create the current state VSM for deeper
understanding the core service process. Then analyze and eliminate delays of the
process. The pharmacy department is open for 8 hours. Because the pharmacy
department processes 320 prescription orders a day, takt time (Zidel, 2006) can be

calculated as follows:

Available time 8 hours*60 min.x60 s

Takt time = = 90 s or 1.30 min.

Customer demand 320 prescription orders

Each prescription order or patient in the process must advance
to the next process step every 90 seconds or every 1.30 minutes. The current state
VSM for core service process is shown in Figure 4.10. There are four single process
steps can take more 90 seconds or 1.30 minutes. In fact that patients are waiting
between each process indicates that inventory exists in the form of excess patients.
Push arrows used to connect the process indicate that prescription orders or patients
are being pushed from one process to the next.
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Because the information flow as important as the physical
flows of patient and prescription order, information flow must be added to the map.
Information flow begins when the OPD physician keys and approves a prescription
order into the SSB system, then prescription order and drug labels are auto-printed at
OPD pharmacy. The prescription drug should be prepared and manual checked before
paying slip to patient. During the prepare drug and inspection processes, patients have
to present the OPD card to the pharmacy and wait for receiving payment slip. The
queue card must be pressed by pharmacy staff when prescription drug is completed
and matched with payment slip. When the patients receive their payment slips, they
have to walk and pay for drug and service at financial department by queue. The
financial officer approves the payment into the SSB system and the patient can hold a
receipt or an invoice to the pharmacy and wait for getting drug from pharmacist by
queue.

The core service process consists of OPD pharmacy flow and
OPD patient flow. The current state VSM for OPD pharmacy flow is shown in
Figure 4.11. There are four single process steps. The map includes both the physical
flow of the pharmacy and the information flow, as well as, represents the entire
process from the receipt of OPD physician’s prescription order through the dispensing
process.

The current state VSM for OPD patient flow is shown in
Figure 4.12. The map includes both the physical flow of patient and the information
flow, as well as, represents the entire process of patient from presenting the OPD card
through getting prescription drug from pharmacist.

A time line should be drawn at the bottom of the map to
indicate the beginning and end of each process. The actual cycle time for each process
step is written on the time line below the corresponding process box. Waiting times
are written on the time line between process boxes.

In Figure 4.11, lead time is the time it takes to process each
prescription order through the entire value stream from beginning to end. For the
patient, lead time is the time it takes to process each patient through the entire value

stream from beginning to end, see Figure 4.12.
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Lead time and value-added time are used to calculate the
efficiency of the process. According to Zidel (2006), the process efficiency percentage

(PEP) can be calculated as follows:

Value—added time (VAT)
PEP = - x 100
Lead time (LT)

In Table 4.3, the value-added time and lead time in OPD
pharmacy flow are calculated to be 249 and 1,713 seconds. The process efficiency
percentage of the OPD pharmacy flow is 14.54 percent. Similary, in Table 4.4 the
value-added time and lead time in OPD patient flow are calculated to be 148 and 1,540
seconds. The process efficiency percentage for the OPD patient flow is 9.61 percent.

The future state VSM should represent the elimination of non-
value-added steps, the implementation of a pull system in core service process when
prescription has been approved by pharmacist. The future state VSM for the core

service process of the Medical Center is shown in Figure 4.13.
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Reduce defects: Count the defects or errors occurring in the
current process, and categorize and display them on Pareto chart. Then use FMEA to
analyze and eliminate the potential cause of these defects.

With over 70,000 prescription orders per year, there are 590
medical errors occurring in drug operation process. The defect rate was 8,377 per
million prescription orders, or sigma level 3 (Linderman et al., 2003), see Table 4.5.
The medical errors frequent originate in preparing (69.8 %), prescribing (15.6 %), and
inspection (11 %) process, the origin of medical errors - Pareto chart is shown in
Figure 4.14. There are several types of medical errors: improper quantity (49 %),
wrong drug (20.9 %), wrong dose (19.3), and others (10.8 %) such as improper
instruction, wrong dosage form, wrong label, wrong patient, and wrong package. The

type of medical errors - Pareto chart is shown in Figure 4.15.
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Origin of medical errors - Pareto chart
600 + 100
500 -
- 80
4
2 400 -
wi L -
= 60 5
2 300 P
7 g
S L 40
2 200
100 [
0 T T T T T 0
Origin Prepare drug Prescribing Inspection Inputdata Dispensing
Medication Errors 4 92 65 7 4
Percent 69.8 15.6 11.0 2.9 0.7
Cum % 69.8 85.4 9.4 99.3 100.0
Figure 4.14 The origin of medical errors — Pareto chart
Type of medical errors - Pareto chart
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£ 400- - 80
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S 200 L 40 o
©
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= 100 - - 20
0 . . L —— : 0
Type g () o L > X @
yp & ¥ ¢ S Koé\ & & o5
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Medication Errors 244 104 96 11 11 2
Percent 49.0 209 193 38 22 22 22 04
Cum % 49.0 69.9 89.2 93.0 95.2 97.4 99.6 100.0

Figure 4.15 The type of medical errors — Pareto chart
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To reduce the medical errors and failure risk in drug operation
process, FMEA is used to analyze and eliminate the potential causes of the key
problems. There are twenty five failure modes in drug operation process, related to the
Ishikawa and Process mapping in the previous step, see Table 4.6. A value in the range
of 1-10 was attributed to each step in drug operation process to quantify the
occurrence (O), severity (S), and detection (D). The rating scales were adapted from
Reichert (2006). Moreover, the numerical value obtained by multiplying these three
factors (OxSxD) is the risk priority number (RPN), all data were scored by
pharmacists and staff related to drug operation process. The total RPN of drug
operation process was 17,812 and the maximum RPN was 600.

Additionally, the numerical value of the RPN factors were
plotted in the priority matrix which were adapted from Lago (2012), a graph divided
into four risk areas: very high (1=red), high (2=orange), medium (3=yellow), and low
(4=green). The FMEA result shows that: there are 31 causes of failure mode were
dropped in area 1 which is very high risk. There are 18 causes of high risk could be
happened in core service process and they impact on long lead time, medical errors
and process inefficiency. There are 13 causes of high risk could be happened in
service supply process and they impact on process inefficiency. To reduce the failure
risk, the recommended actions were identified for improving drug operation process.

The results from drug operation process — FMEA, the FMEA
rating scales, and the risk priority matrix are shown in Appendix B. Moreover, the
summary of drug operation process — FMEA and recommended actions for

improvement are summarized in Table 4.7 and Table 4.8, respectively.
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Table 4.7 The summary of drug operation process — FMEA

Process RPN High Risk Recommended Action
Core Service Process 9,391 of 25,000 37.56%

C1 Prescribe drug to patient 1,584 Ci11-C12 A B, CD

C2 Prepare drug for patient 3,661 C21-C24, C26-C27 A EF G H

C3 Pay for drug and service 3,016 C31-C34,C36 EIJ

C4 Dispense drug to patient 1,130 C41, C44 J, K
Support Supply Process 8,421 of 45,000 18.71%

S1 Request drug from warehouse 2,301 S11-S12 L, M

S2 Replenish drug to pharmacy 712 None None

S3 Purchase drug from suppliers 2,842 S31, S33-S34,S37-S38 L, M, N, O

S4 Receive and mange inventory 2,566 S44-548 N, O

Total 17,812 of 70,000 25.45%

Table 4.8 The recommended actions for drug operation process

Recommended Action

- I O M m OO W >» |+

Oz r X «

Establish tracking system in pharmacy with real time display

Separate look-alike and sound-alike products
Approve the revised prescription order by physicain

Reduce the complicated in purchasing process

Check and approve each prescription order by pharmacist in SSB system

Use of Clinical Decision Support Systems (CDSS) support for prescribing
Adequate health professionals and resources (computer, printer etc.)

Training health professionals to deal with drug operation process and SSB system

Use of barcode teachnology to reduce human errors in drug opeartion process

Send the related electronic files for each prescription order to pharmacy
Environmental and workflow improvement for the smooth OPD patient flow
Update the accurate stock into SSB system (lot, expired, amount)

Training warehouse and pharmacy staff to deal with inventory management
Establish drug replenishment system from warehouse to pharmacy

Improve purchasing system and communication with suppliers
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Reduce deviation: Measure and display the variance or
deviation of the current process on histograms or control charts. Then use process
capability not only to analyze the current status of core service process but also
establish the process baseline for the improved process.

According to the timeline of current state VSM for OPD
patient flow, the waiting time before getting payment slip from pharmacy is a bottle
neck of the core service process. To analyze the variance of the patient waiting time,
histograms are used to plot and display the density of data. The histograms of OPD
patient waiting time before getting payment slip from pharmacy using Minitab is
shown in Figure 4.16. The histograms illustrate non-normal distributions with fairly
long tails indicating a few patients with quite long length of waiting time. The
standard deviation for OPD patient waiting time before getting payment slip from
pharmacy was 6.96 minutes.

Moreover, the same data can be used to create the individual
and moving range (XmR) control chart to analyze stability of the core service process.
The XmR control chart of OPD patient waiting time is shown in Figure 4.17. The
control charts indicate that the current process is not stable due to out of control

signals above upper control limit.
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Histograms of Patient waiting time
Normal
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Figure 4.16 The histograms of OPD patient waiting time

XmR Chart of Patient waiting time
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Figure 4.17 The XmR control chart of OPD patient waiting time
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Furthermore, the Anderson-Darling test (Stephens, 1974) is
used to determine normality of the data distribution in Minitab (Harry et al, 2010). The
null hypothesis (Ho) is that the data are normal. The alternative hypothesis (H,) is that
the data are non-normal. Reject Hy (accept H,) when P-Value < a (Arthur, 2011). The
Anderson-Darling normality test of the patient waiting time before getting payment
slip from pharmacy using Minitab is shown in Figure 4.18. Because P-Value < 0.005
which is less than a = 0.05, we can reject Hp at « = 0.05, so the data are non-normal.

To develop the process capability(Sahay, 2010) , we fit non-
normal statistical distribution for the patient waiting time and found the two-parameter
exponential distribution is a better fit than the others because the data points roughly
follow a straight line and its P-Value = 0.076 which is the highest, see Figure 4.19.
The process capability for the patient waiting time is developed and the current
process is not capable of meeting the specification of 30 minutes or less (LSL = 0 and
USL = 30), see Figure 4.20. In long term, the process has low potential at P, = 0.71
and the current process is not capable at P, = 0.66. We then moved onto the next step

to identify improvements to the current process.

Summary for Patient waiting time

Anderson-Darling Normality Test
— A-Squared 22.57
P-Value < 0.005
Mean 6.8130
StDev 6.9582
Variance 48.4165
Skew ness 2.12314
Kurtosis 5.49009
N 361
//
Minimum 0.4333
1st Quartile 1.9167
Median 4.6667
T T T T T T T T 3rd Quartile  9.0417
0 6 12 18 24 30 36 42 Maximum 42.0667
95% Confidence Interval for Mean
—T T e s x xxx % % 6.0928 7.5332
95% Confidence Interval for Median
4.0833 5.2433
95% Confidence Interval for StDev
959% Confidence Intervals 6.4850 7.5065

Mean t * |

Median{ p———o——

4 5 6 7 8

Figure 4.18 The summary for OPD patient waiting time
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Probability Plot for Patient waiting time
Exponential - 95% CI 2-Parameter Exponential - 95% CI Goodness of Fit Test
99.99 99.99 Exponential
90 90 AD = 2.773
50 50 P-Value < 0.003
t t
9 10 9 10 2-Parameter Exponential
= 5 AD = 1.171
o o P-Value = 0.076
1 1 o
® 4 Weibull
o AD = 2.529
0.01 0.1 1 10 100 0.01 0.1 1 10 100 | P-Value < 0.010
Patient waiting time Patient waiting time - Threshold
3-Parameter Weibull
Weibull - 95% CI 3-Parameter Weibull - 95% CI AD = 0.763
99.99 99.99 P-Value = 0.049
90 90
50 50
- -
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g 10 g 10
B 1y
(] (]
o o
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L] [ ]
°
0.01 0.1 1 10 100 0.001 0.01 0.1 1 10 100
Patient waiting time Patient waiting time - Threshold
Figure 4.19 The probability plot for OPD patient waiting time
Process Capability of Patient waiting time
Calculation Based on Exponential Distribution Model
LSL USL
Process Data | | Overall Capability
LSL 0 |\ | Z.Bench 2.33
Target * Z.SL 3.29
usL 30 I\ I Z.UsL 1.99
Sample Mean 6.81302 | A~ | Ppk 0.66
Sample N 361 \
| | Exp. Overall Performance
Scale 6.39741 PPM < LSL 0.00
Threshold ~ 0.415612 Y | :
| “ | PPM > USL 9809.20
Observed Performance PPM Total  9809.20
PPM < LSL 0.00 I\ |
PPM > USL 16620.50 | T |
PPM Total 16620.50 | \ |
1IRRN |
| ) |
\
|
\ |
N |
N
T
|
T T U T T U T U T U I L |
0 6 12 18 24 30 36 42

Figure 4.20 The process capability of OPD patient waiting time
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Step 5: Create the improved process using Lean and Six Sigma
application. In this step we develop the hospital pharmacy process to be the improved
process from Lean and Six Sigma application in the previous step.

In the previous step, the appropriate methods are applied to analyze and
improve the current process of drug operation process. Firstly, the current state VSM
and value-added analysis are used to eliminating delays of core service process and
then the future state VSM has been proposed. Next, DPMO and Pareto chart are used
to categorize and display the medical errors occurring in core service process and then
we used FMEA to analyze and eliminate failure risk in drug operation process.
Finally, we not only analyzed variance of core service process using Histograms and
XmR control chart but also analyzed performance of the pharmacy using process
capability analysis.

To develop the improved process, we should reconsider both the future
state VSM and FMEA recommended actions, and then combine them to be an
improved process of drug operation process. The future state of drug operation process
is developed by creating detailed process maps of the core service process and support

supply process, shown in Appendix C.

Step 6: Develop a quality control plan. This step is to propose the control
system belonging to the hospital pharmacy process quality and safety.

The quality control plan is a detailed guide for maintaining process
controls. The process maps and FMEA documents of drug operation process support
development of the quality control plan. The quality control plan of drug operation

process is shown in Table 4.9.
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Since all processes not only have natural variability due to the common
causes but also have unnatural variability due to special causes. To sustain the
improvement, statistical process control (SPC) is an effective tool using statistical
signals to monitor and control performance of the process (Furterer, 2012).
Additionally, control charts are mostly common used to indicate special causes
through out of control signals. Moreover, process capability is the ability of process to
provide services capable of meeting the customer’s specification (Furterer, 2012). The
stability and capability matrix is shown in Figure 4.21. So we can monitor and
improve consistency of core service process using the SPC control charts, as well as,

we can analyze competency of the improved process using process capability analysis.

Stable — In Control Unstable — Out of Control

Analyze and correct

Capable Good .
special causes

Correct special causes to get
a stable process, then reduce
common cause variation

Analyze and reduce

Not Capable .
common cause Vvariation

Figure 4.21 The stability and capability matrix (Adapted from Arthur, 2011)

Step 7: Validate the improved process. This step aims to ensure that a
service of an improvement flow meets the operational needs of the user, and then
compare performance of the hospital pharmacy process between the current and future
state of improvement.

To ensure a service of an improvement flow meets the needs of the user,
the improved process of drug operation process has been proposed to the OPD
pharmacy staff and other stakeholders. Additionally the system maps of drug operation
process have been reconsidered and the details of gap analysis can be shown in
Table 4.10.
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Due to the eliminating delays using VSM in core service process, the
value-added time and lead time in OPD pharmacy flow of the future state VSM are
calculated to be 299 and 579 seconds. The process efficiency percentage of the OPD
pharmacy flow improved from 14.54 to 51.64 percent, it was 37.10 percent
improvement. Similarly, the value-added time and lead time in OPD patient flow of
the future state VSM are calculated to be 148 and 526 second. The process efficiency
percentage of the OPD patient flow improved from 9.61 to 28.14 percent, it was 18.53
percent improvement. The comparison of the current state and future state VSM is

shown in Figure 4.22.



Hospital Pharmacy Case Study / 82

Tanaporn Punchaipetch

$$3004d 99IAISS 8109 10J NS 1ElS 21NINJ pue 81els JUaLIND 3] JO uostiedwod ayl 2z y a4nbi

Y% YI'8T =dHUd

298 § _

Yo €581 ]

Y% F1'8T =
unw 877

ddd
= LVA

w67 ~ XeN
U gy~ WK
I A

MO Judne g

% OI'LE h'

235 0 _| %¥9Is - did
U &'y = LVA
I GO'LT — Xe

Mol vwaeyg | wwees 11

Algwung

(9¢°92-65'F)
un 94 g

% 196 = didd

(095 891)
un §4°7 = /0 ur 9" [ U e |
(295 97¢) (£0°6-0) (8€°Z1-0)
U g = 11 uw L0°g unw [¢¢
U 67 HC-8%°C
% v9°'1S =dAd
(035 p9¢)
W $0°9 = L/O b w8 w97z
(995 6L6) (£0°6-0) (ZoT-L£°0)
U 6E°6 = 11 un £o°g urw g7 |
U 60’ LI-1%'9
J)els aanin,
% 19°6 = did
(095 9/1)
U 9¢°g = /0 U 90°1 UL g | ses g
(238 <) (£€76-61°0) (80°€1-0€°0)
w0’z = 11 ur /e°g w7
U ¢1°ge-vt'8
% ¥SPI =ddd
(225 Z11)
urr ze'g = 1/0 901 ur /47| unw g¢°
(238 €141) (£€°6-61°0) (9¢°92-65°%)
wr gEgc= 11 um Le°T Ui 9§ |

u 6t -1 °el

9J¥)S JUILIN))

(Toz-Lew

058 ww§TT - IVA
ur €1°7¢ = Xep
un pp'g = Wy

MO[ yuaneq urnu 0f'sc LT
% Sl = ddd
i 9eT Cwwnr - Iva
(8€°9-82°0) Ul g b = XBW
urn 0g° 1

ww el = Uiy
MO Aovwaey | wweesz - I

Algwung




Fac. of Grad. Studies, Mahidol Univ. M.Eng. (Industrial Engineering) / 83

Since the process improvement for drug operation process has been
proposed, we have to analyze the improved process and update the FMEA of drug
operation process to be the future state, see Appendix D. The failure modes in drug
operation process reduced from 25 to 16 failure modes, it was a 36 percent
improvement. The total RPN of core service process reduced from 9,391 to 1,314, it
was a 32.31 percent improvement. Additionally, the total RPN of support supply
process reduced from 8,421 to 2,246, it was a 13.72 percent improvement. So the total
RPN of drug operation process reduced from 17,812 to 3,560, it was a 20.36 percent
improvement. The comparison of the current and future state FMEA of drug operation

process is shown in Table 4.11.

Table 4.11 The comparison of the current state and future state FMEA

Process RPN : As - ls To - Be Diff
Core Service Process 9,391 37.56% 1314 526% | ¥ 32.31%
C1 Prescribe drug to patient 1,584 256
C2 Prepare drug for patient 3,661 656
C3 Pay for drug and service 3,016 338
C4 Dispense drug to patient 1,130 64
Support Supply Process 8,421 18.71% 2,246 4.99% ¥ 13.72%
S1 Request drug from warehouse 2,301 192
S2 Replenish drug to pharmacy 712 430
S3 Purchase drug from suppliers 2,842 1,170
S4 Receive and mange inventory 2,566 454
Total 17,812 25.45% 3560 5.09% @ ¥ 20.36%

Step 8: Hand over to the process owner for continuous improvement. This
step is to review the lessons learnt and outcomes of the process improvement project.
Then hand over to the process owner to monitor and sustain the improved process.

The modified Lean Six Sigma approach has been established and applied
to the hospital pharmacy department. In this case, we can state that this approach can

be used to improve the operation process related to the flow of pharmaceutical
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products in order to reducing delays, defects, and deviation. However, there are some
specific key learning points and challenges to the pharmacy area:

First, data collection can be extremely difficult due to lacking of an
appropriate measurement system analysis and metrics for drug operation process;

Second, the knowledge and training in Lean and Six Sigma is very crucial
to support the project team getting more benefit in implementing this modified
approach;

Third, it is difficult to perform any pilot project resulting from the need of
the effective management: it will impact on the staff behavior. Therefore, the
commitment of the top manager is important for the process of organizational culture

change.

4.4 Implementation of the Research

Even though Lean and Six Sigma application in hospital is relatively a new
topic in Thailand, it can be used to reduce delays, defects and deviation in the hospital
both clinical and non-clinical process. In this research, we not only applied the
modified approach to improve drug operation process in the hospital case study but
also proposed the modified approach to other hospitals in Thailand.

In the hospital case study, we proposed the modified approach and the
results from improvement to pharmacists and staff at the pharmacy department, as
well as, health professionals and staff at the Medical Center. They said that the
modified approach have been provided the improvement framework and appropriate
methodologies for drug operation process. Additionally, the pharmacy department and
other stakeholders must cooperate together for the successful implementation.

Moreover, the knowledge and experience learning from drug operation
process improvement using the modified approach had been proposed to other
hospitals in the workshop, which was organized by the ministry of public health in
Thailand on 7 August, 2013. According to the workshop, the audiences were
interesting in the modified approach and the results from the case study. They
recommended that the application from the case study can be applied in other hospitals

and it will be helpful in the development of health service in Thailand. However, they
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feel like it difficult to understand due to lacking of skills in Lean and Six Sigma
methodologies.

In order to participate in the development of health service in Thailand, the
process improvement guide to apply Lean and Six Sigma in hospital had been
developed for using as a detail guideline for process improvement project in hospital

pharmacy department and in other related fields, see Appendix E.
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CHAPTER V
DISCUSSION AND CONCLUSION

This chapter describes contribution from this research through discussion
and conclusion. Additionally, the research limitation and recommendations for further

research have been provided.

5.1 Discussion

5.1.1 Key issues of drug operation process improvement

To improve drug operation process, the modified Lean Six Sigma
approach had been applied for reducing lead time in getting drug from pharmacy,
medical errors in the core service process, and process inefficiency. In this part, the
key issues during improvement drug operation process were discussed and classified

into six categories as follows:

Category 1: Health Professionals

= Heavy workload - the pharmacy staff had heavy workload during the
peak period because the rising of demand not balances to the service supply that
pharmacy staff can provide

= Human errors - most of defects in drug operation process caused by
human error. Thus there is the need to improve the process and use of supporting
technology for preventing the further occurrence of errors

= Difficult to change the staff behavior - the commitment of the top
manager and effective management of change were significant for reducing and

managing resistance to change when implementing the improved process



Fac. of Grad. Studies, Mahidol Univ. M.Eng. (Industrial Engineering) / 87

Category 2: IT & Infrastructure

= Different system - the use of software for the front office and the back
office is separated. The front office system is used for supporting service operation in
core service process, and the back office system is used for supporting operation in
support supply process. Thus it cannot real-time update and had to synchronize to
update data every day

» Lack of measurement system for data analysis - the information
system was not designed for gathering data associated with medical errors, human
errors, waiting time, processing time of core service process, so it is difficult and need
time consumption in data collecting

= System integration - there is no relationship between SSB system and
Queue system, these information systems have been used to support the service

operation between pharmacy and financial department

Category 3: Drug Operation Process

= Complex process - drug operation process is a complex service process
which consists of multiple flows of product, service and information involving with
multiple stakeholders. These things made it easier for any person to make a mistake or
error in every step of the process, especially during the rush hours or peak period

= Multiple steps purchasing - due to purchasing policy has been set
conditions about several approved steps so that the Medical Center has long lead time
in purchasing procedure, lead to the high level of pharmaceutical products in

pharmacy and warehouse

Category 4: Prescription Drugs
= No traceability for patient safety — the prescription drugs cannot trace
in drug operation process due to stock inaccuracy in the current system. Thus it

impacts to patient safety and entire the pharmaceutical supply chain efficiency

Category 5: Patients
= Unnecessary steps for the out-patients — there are multiple steps for

the out-patients in drug operation process. Most of these steps do not increase value in
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the OPD patient flow and these things impact to the long lead time in getting drug
from pharmacy

= Not understand process — the out-patients did not understand the
process at pharmacy because the OPD patient flow had multiple steps associated with

multiple operators

Category 6: Inventory Management

= Lack of inventory management skills - pharmacy staff do not have
skills or talent enough on inventory management to manage the stock of
pharmaceutical products

= Difficult to forecast demand - demand forecasting of pharmaceutical
products is a difficult area to manage because pharmaceutical products are ordered by
physicians based on their clinical preference rooted in their medical training

= Stock inaccuracy — drug information in SSB system not matched with
on-hand stock at warehouse. Thus it cannot track or trace, and it impacts to patient

safety and entire the supply chain efficiency

5.1.2 The unique characteristic of hospital supply chain
Hospital supply chain has unique challenges that make it more difficult to
improve processes using Lean and Six sigma methodologies than other industries. The

characteristic of hospital supply chain has been summarized in Table 5.1.

Table 5.1 The unique characteristic of hospital supply chain

Topic Hospital

Focus : Patient safety and supply chain efficiency

Demand driver : Patient care demand

Business ownership : Non-profit ownership

Payers : Government or Health insurance payers
Procurement : Long lead time of product procurement and delivery
Inventory : Keeping a large amount of inventory on hand for

preventing out of stock
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Table 5.1 The unique characteristic of hospital supply chain (cont.)

Topic Hospital

Identification : Difficult to identify due to lack of standardization in
hospital supply chain
Traceability : Lack of traceability in hospital supply chain

Information sharing : Lack of information sharing

5.1.3 Research Finding for drug operation process improvement

The results from drug operation process — FMEA were analyzed based on
a single case study. Therefore, in this section, researcher analyzed and provided the
research finding for drug operation process improvement in the future, see Table 5.2.

Table 5.2 Research finding for drug operation process improvement

# Failure Mode . KF;I ) 5 | Action -
Health Professionals

1 Inappropriate prescription orders o o A B

2 Prescription orders entered incorrectly o o A B

3 Prescription order not entered ° ° C,D

4 Human errors at pharmacy e o o E

5 Heavy workload at pharmacy ° ° E,N
IT & Infrastructure

1 Order not auto-printed at pharmacy ° ° E
Drug Operation Process

1 Incorrect matching of prescription drugs e o F

2 Check inadequate at pharmacy o o A

3 Approve not completed H

4 Lack of tracking at pharmacy ° E

5 Order not receive/process at pharmacy ) ° E
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Table 5.2 Research finding for drug operation process improvement (cont.)

# Failure Mode . KZI ) 5 | Action -
Patients

1 Wrong drug (type/dose/amount) e o F, G

2 Lack of document for dispensing ° ° I

3 Unclear process ) ° J
Inventory Management

1 Stock inaccuracy ° K

2 Out of stock/over stock ° L, M

3 Untrained staff ° L

4 Complicated process ° N, O

5 Forecasting inaccuracy ° L, M

6 Poor coordination in purchasing ° @)

(*) 1 = Lead time in core service process, 2 = Medical errors in core
service process, 3 = Process efficiency of drug operation process

(**) These actions are the recommended actions for drug operation
process, see Table 4.6

(***) The failure modes, which were classified in the inventory
management category, not related to lead time and medical errors problems of core

service process because they are failure modes of support supply process

5.2 Conclusion

The purpose of this research is to improve drug operation process of
pharmacy department in hospital using Lean and Six Sigma methodologies. In hospital
supply chain, there are three major problems including delays, defects and deviation
which directly impact patient safety and supply chain efficiency. Due to the
complexity in hospital supply chain, hospital has specific challenge to improve quality
of care in hospital process especially in the internal process associated with

pharmaceutical products or drug operation process.
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Moreover, Lean and Six Sigma are the two best continuous improvement
methodologies which are widely used to improve process efficiency and quality in
recent years for quality improvement of the hospital process. In addition, there is a
shortage of applied research in term of Lean and Six Sigma integration in drug
operation process.

In order to apply Lean and Six Sigma in the hospital, the modified Lean
Six Sigma approach had been developed and used as an important tool in this research.
To improve drug operation process, the pharmacy department of a Medical Center in
Thailand was choosen as a single case study. To understand the current process in the
hospital case study, semi-structured interview and on-sited observation were
conducted to support the case study method.

Due to the complexity in hospital supply chain, the process improvement
in this research focused on the internal flow of pharmaceutical products and
information in pharmacy department only. The value chain of drug operation process
consists of core service process and support supply process. An improvement
framework was established to conceptualize the process improvement project using

the modified Lean Six Sigma approach in a hospital pharmacy department.

5.2.1 The modified Lean Six Sigma approach

The modified Lean Six Sigma approach had been developed based on the
combination of Lean principle and DMAIC structure of Six Sigma methodology.
There are eight main steps to solve the problem related to delays, defects, and
deviation in hospital and improve the specific process for patient safety and supply
chain efficiency.

The modified Lean Six Sigma approach had been applied to improve drug
operation process efficiency of pharmacy department in a hospital case study. Drug
operation process efficiency related to the efficiency of core service process and
support supply process. The result from Ishikawa diagram illustrated that the process
inefficiency in drug operation process depends on 25 factors from 6 categories: drug
operation process, health professional, IT and infrastructure, inventory management,

patient, and prescription drug.
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To improve process efficiency, Lean and Six Sigma methodologies had
been integrated in the modified approach and used to decrease lead time of core
service process, as well as, reduce failure risk of drug operation process concurrently.

The summary of drug operation process improvement as follows:

» Reducing lead time of core service process: VSM and value analysis
could be used to enhance speed in OPD pharmacy and OPD patient flow of core
service process. The results from eliminating delays are described as follows:

- In OPD pharmacy flow: lead time reduced from 28.33
(13.15-44.49) minutes to 9.39 (6.41-17.09) minutes

- In OPD patient flow: lead time reduced from 25.40 (8.44-
52.13) minutes to 8.45 (2.48-24.29) minutes

- The process efficiency percentage increased 37.10 percent

in OPD pharmacy and 18.53 percent in OPD patient flow

» Reducing medical errors in core service process and failure risk in
drug operation process: DPMO, Pareto chart and FMEA could be used to analyze
and reduce medical errors and failure risk in drug operation process. The results from
eliminating defects are described as follows:

- Failure modes of medical errors and possible causes of
failure occurring in drug operation process reduced 36 percent from 25 to 16 failure
modes

- In core service process: the total RPN reduced 32.31
percent from 9,391 to 1,314

- In support supply process: the total RPN reduced 13.72
percent from 8,421 to 2,246

- The total RPN reduced 20.36 percent from 17,812 to 3,560
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5.2.2 The process improvement guide to apply Lean and Six Sigma in
hospital

The process improvement guide to apply Lean and Six Sigma in hospital
had been developed as a detail guideline to improve process in hospital. The
guidelines consists of four part including: the key problems and the need of Lean and
Six Sigma in hospital, the comparison of Lean and Six Sigma, the detail guidelines of
the modified Lean Six Sigma approach, and the recommendations for improvement.
The modified Lean Six Sigma approach had been proposed, and the eight main steps
to accomplish this approach integrated with some Lean and Six Sigma tools were
described step by step. For better understanding, some parts of the hospital case study

were also used as examples of the process improvement guidelines.

5.3 Limitation and Recommendations for Further Research

5.3.1 Research Limitation

The limitation of process improvement using Lean and Six Sigma
application in hospital is divided into three parts as follows:

The first part is limitation in data gathering, researcher collected interview
data from pharmacists and pharmacy staff by semi-structure interview and collected
observation data by on-sited observation at a hospital pharmacy department to address
the key problems and document the current process. However the current information
system of the hospital case study cannot provide the appropriated data for analyze in
the process improvement, it was difficult to collect data such as cycle time, waiting
time and queue in each process step due to the several steps with multiple stakeholders
in drug operation process. Additionally, the pharmacy documents and reports gave us
some statistical data to analyze the current process, such as the number of daily
prescription order and the number of medical error in drug operation process.
Therefore, it was difficult to collect data for this research.

The second part is limitation in time to accomplish this research, when the
modified Lean Six Sigma has been proposed to the hospital case study, the improved

process is recommended and stakeholders of drug operation process would like to
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perceive and participate in the improvement project. Due to the limited time of thesis
study in master degree, it was difficult to perform any pilot project in the improved
process. In order to hand over the process improvement to the hospital case study, the
process improvement guide to apply Lean Six Sigma in hospital has been developed as
a detailed guideline for process improvement project in hospital of Thailand.

The third part of limitation is research contribution based on a single case
study, this research focused on drug operation process improvement using Lean and
Six Sigma for reducing lead time and failure risk, and increasing efficiency of a
hospital pharmacy department. Because hospital supply chain is a complicated service
system, it has specific challenges to apply Lean and Six Sigma in process
improvement project not only for reducing delays defects and deviation in hospital

processes, but also for other improving entire hospital supply chain.

5.3.2 Recommendations

= Recommendations for hospital

The modified Lean Six Sigma approach had been proposed for being used
not only in a hospital case study but also in other hospitals in Thailand. The
recommendation of process improvement is summarized as follows:

- The process improvement in this research can be used as a
big picture for drug operation process improvement in a hospital pharmacy
department. Additionally, other hospitals can reconsider their process and apply the
modified approach to solve the major problem in drug operation process and related
fields

- Drug operation process should be implemented information
technology such as barcode and RFID in order to reduce medical errors and improve
efficiency entire hospital supply chain

- To reduce long lead time in purchasing process, the
traditional purchasing policy should be examined, and the complicated process such as
multiple approval and paper based document should be reduced for shorter lead time

in the smooth purchasing process
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- The decision support system can be used as supporting tool
in hospital. In drug operation process: Clinical Decision Support System (CDSS) can
support for prescribing in core service process, and drug replenishment system and
purchasing system can support operation in support supply process

In Thailand, nowadays Lean is more often used to enhancing speed and
eliminating waste in hospital than Six Sigma which is a powerful approach but still
rarely used in hospital process improvement. Due to the heavy workload and lack of
skill talent, the combination of Lean and Six Sigma in hospital is relatively a new
topic. In order to support the adoption of Lean and Six Sigma in hospital, researcher
anticipates that this study will be beneficial to hospital in process improvement project
especially in drug operation process.

= Recommendations for future research

- The appropriate measurement system analysis and metrics
for drug operation process in hospital should be developed

- The change management guide to apply Lean and Six
Sigma using a modified Lean Six Sigma approach in hospital should be developed

- The application of Lean and Six Sigma using the modified
Lean Six Sigma approach in other case studies in Thailand should be further studied

- The other application of drug operation process
improvement using Lean and Six Sigma in hospital supply chain should be further
studied
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APPENDIX A
PROCESS MAPPING FOR DRUG OPEARTION PROCESS (AS IS)
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SEVERITY RATING SCALE

Rating

Description Definition

Failure could cause death of a customer (patient, visitor,
emplovee, staff member, business partner) and/or total
system breakdown, without any prior warning.

Extremely
dangerous

Failure could cause major or permanent injury and/or
Very dangerous  serious system disruption with interruption in service,
with prior warning.

Failure causes minor to moderate injury with a high
Dangerous degree of customer dissatisfaction and/or major system
problems requiring major repairs or significant re-work.

Failure causes minor injury with some customer

Moderate danger . . . .
8 dissatisfaction and/or major system problems.

Failure causes very minor or no injury but annoys
Low to Moderate customers and/or results in minor system problems that
danger can be overcome with minor modifications to system

or process.

Failure causes no injury and customer is unaware of
Slight danger  problem however the potential for minor injury exists,
little or no effect on system.

No danger Failure causes no injury and has no impact on system.
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()CCURRENCE RATING SCALE

Rating Description Definition
10 Certain probability Failure occurs at least once a day; or, failure occurs
of occurrence almost every time.
9 Failure is almost Failure occurs predictably; or, failure once every 3
inevitable or 4 days.

Very high probability  Failure occurs frequently; or, failure occurs about

7 of occurrence once per week.

6 Moderately probability .

. Failure occurs about once per month.

5 of occurrence

4 Moderate probability ~ Failure occurs occasionally; or, failure once every 3

3 of occurrence months.

3 Low probability Failure occurs rarely; or, failure occurs about once
of occurrence per vear.

| Remote probability Failure almost never occurs; no one remember

of occurrence last failure.




Fac. of Grad. Studies, Mahidol Univ. M.Eng. (Industrial Engineering) / 117

DETECTION RATING SCALE

Rating Description Definition

10 No chance of

) There is no known mechanism for detecting the failure.
detection

0 The failure can be detected only with thorough
Very remote . . L. . .
) inspection and this is not feasible or cannot be readily
8 or Unreliable
done.
7 Remote The error can be detected with manual inspection but
6 no process is in place so that detection left to chance.
There is a process for double-checks or inspection but
Moderate chance . . .
: it not automated and/or is applied only to a sample
of detection ) ..
and/or relies on vigilance.
4 Hich There is 100% inspection or review of the process but
= it is not automated.
2 Very high There is 100% inspection of process and it is automated.
1 . There are automatic “shut-offs” or constraints that
Almost certain

prevent failure.
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APPENDIX C
PROCESS MAPPING FOR DRUG OPERATION PROCESS
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lunsdsulgenszurunisuuy Six  Sigma  Usenaudas 5 dunaudida ldun

Define, Measure, Analyze, Improve uaz Control

ﬁ'zas_iw‘naﬂmfs'aﬂﬁawwﬂﬁﬁuaznﬁuﬁﬂmmm.n.l Six Sigma fidgunsn
w1l luntsdiudgensrurunitsuasTsewanua laun Ishikawa diagram,
System map, Defects per million opportunities (DPMO), Pareto chart, Failure
mode and effect analysis (FMEA), Histograms, Control chart wax Capability
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unii 3 The Modified Lean Six Sigma Approach

The modified Lean Six Sigma approach LﬂuLﬂ%aqﬁaﬁpj‘t'ﬁﬂu‘lﬁ

Fisurduainn1siiudnnas Lean war Six Sigma urdSudiivadu (Aaduaiiu
wumnluntsdsudgenssurunisaaa Tsawaauia analangaunigsdatiluenu 8

The Modified
Lean Six Sigma Approach

Define key problems, or critical areas
for improvement

- =

Understand and document the current process

-=
i Identify value and waste of the process
-
& Choose the appropriate methods to solve
the problem, or improve the process
== -
Lean Six Sixma
Reduce delays Reduce defects, deviation
—=

Create the improved process using
Lean and Six Sigma application

==

Develop a quality control plan

==

Validate the improved process

=N

8 Hand over to the process owner
for continuous improvement

Aift 1 The modified Lean Six Sigma approach
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Step 1: Define key problems, or critical areas for improvement
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Medical Errors
in drug operation
process

Jud ludeuas
aanuligneias

AN 3 finatne Ishikawa diagram - Medical errors Tuns=uaun153nuen

Step 2: Understand and document the current process

nsAn#InIzuIun15ilagiiu (As Is) Funtsdanaiafineuazinniiu
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SIPOC, Process mapping wax System map
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Hunwunwiivdaaniwiliaadnssuiunis 9raliiiu

ansuuazdulsEnauLda U9 YaensEuIun1siagiin n19vin SIPOC azdaq

fvuatauratadnszuIuida n1sa=lful e Tiadredaau SeiloylaTudrausn

aaanrsAnsinszuuilagiiu Tasedasieuad SIPOC  dsznaudaa 5 dau laun

Supplier - Input — Process — Qutput — Customer diumaunisasauazfilatiauas

SIPOC udsaanunnil 4 uaz 5 arudnsu

Step 1

SEUUALLIRUDY
ATEUIUNTS
Awunda
fians4uman

T s
Process

Step 2 Step 3 Step 4
fiarsuniiay AERE TR EH NUNIUG
fiangaunsn fiansguman aTuduiug

| =xy Output uax 521 Input Lae
1o Hine Fawin SIPOC
Customer 23 Supplier wa4 . .
. e Ui Basuy el
Output 1y Input Wy

il 4 dusaunisddta SIPOC

(Suppllicrs)—h( Inputs H Process H Outputs )—M}

* Physician
+ Patient

- Patient
+ Pharmacy staff

- Patient
+ Financial officer

* Patient
+ Pharmacist

Core Service Process

* Diagnosis C1.Prescribe

+ Patient information drug to patient

» Queue card C2.Prepare drug

- Preseription for patient

» Drug label 1

+ Queue card C3.Pay fur_drug

+ Payment slip and service
. ¥

s hetepl C4.Dispense drug

» Prescription drug 1o patient

* Prescription

information

* Payment slip
+ Preseription drug

- Receipt

* Drug instruction
- Cut off stock

* Patient
- Pharmacy staff

- Patient
+ Financial officer
- Pharmacist

- Payers

* Patient

Al 5 dragnens SIPOC
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2.2 Process mapping \HuusunwindnslitdiuaucdauTaaiuuay
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Process Document Data External Data
Start/End Decision Database On-page
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N 7 dadwdndnealiildlu Cross-functional flowchart
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2.3 System map Tulrunwiigra TiiunsvwsutazauLday Toefu
wavdrulsznausteglunszuiunis uananildufiunisims sy Gap analysis V14

Tuyuuasuad Supplier, Process ua: Customer iadlvitiudasinafiiinduiia
wWisuifisussuwimdanrusiagiiusasnszurunisdauihvunofilddvunld dunau

A158979 Aaudwianie wasinatnsuad System map udndsasialiil

Step 1

fryfiangsuman
Tunszuaunis

sy Output wax
Customer

sxy Input wae
Supplier

The Process Improvement Guide to Apply
Lean and Six Sigma in Hospital

Step 2 Step 3

4z Customer

4 )
gap analysis
System map
5x1 Process gap
analysis

EICERE)

5+ Supplier gap

System map analysis

WA 9 dunaunisasne System map

P99 2 AT 1 System map

| Output gap analysis

NSRS IEEg oIS IssuuiR pliudualwAaI NS u8agnAn

| Inputgap analysis

ANSFIASIEEE I sEr I ssuuiagiiufualnudiaanisas Supplier

| Customer gap analysis

Uiafaguysal

sANsaAsIEiugaisewissunilagiiududlvnnauaanssuaunis

Feed back loop

s Fafidnunsadsiauliiunanaviuaas Customer / Supplier lunseuaunis

| Feed forward loop

«f991 Customer / Supplier ldfdmsulsadivdnusuasitvuadlmung

u
=

Step 4
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System map
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Step 3: Identify value and waste of the process

'
v '

nsilonufefina ifinauan (Value) wazannugondan (Waste) 1519x

flnsananyuuasnasgnAtlunszuiunns dusulsmeiuiagndnlunszuiunisi
14 gnAtntzuan (flawid5uuinag) uazgndtnnalu (dubfimudagnuiu

Tsawa1u1a)
wioefladld

3.1 DOWNTIME flusndavasarugruulan 8 dszian dideduiu
nszinun1Tuaalsawauna laun Defects, Over-production, Waiting, Not using
staff talent / Not clear, Transportation, Inventory, Motion war Excessive

processing  @uiUsdasBunvasanugnlaudardssan  wiausnagteuas

AaMugalaTunszuIun153InN1581 LaRIRIHATTI9T 3

7191971 3 Usstnnaasanugoulan DOWNTIME - nszinunisdanism

AMugalan  Atabunw iehalint!

Defects ﬁ?”““*ﬂ“‘ﬁﬁﬂ"ﬁ“‘”ué" Medical errars, Human errors vty nsandaya
iaurluigneiay lignsias Raansludmau ssysadilofnau

Over- nsnanvdaliudnag asdedaviadnufiodngsa e T fiuduiiu

p_rc-duction wnfiuduiu nsdarauawiadeitnnrdrdausiu

Waiting n1sYanan wilrpsawuunmd saf1¥uen safESu

aruardluntededas sa¥uondhade

Not using staff
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Ligminld gatneiuh
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Transportation AEEuLEzneRaudiy nsligihoduntendamiaudioldvaoge
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Step 4: Choose the appropriate methods to solve the problem, or
improve the Process

nsidaniaFasdianunnzaulunisunilgvisalsudgenszurunisiiludgs
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Delays, Defects, uaz Deviation s1aazdaauialaiiu 3 viada dedaluil

Defects
*\VSM - - +Histograms
*Value analysis DPMO +Control chart
+ Pull system +Pareto chart +Capability analysis
-FMEA
Delays Deviation

A 11 wwsasiladwsuuAilopviendu Delays, Defects uas Deviation

4.1 Delays: nisfitdndvinihitinauaidiaanldazdvnanszuiunis
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Step 1 Step 2 Step 3
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waan1san Delays antusilagiiu Uszynd g Tivuieay
fmuagniuasoetiu I8 Value analysis U3u/ 91 VEM
UK UBAgNAT anfianssullifing fuan uanEo U luaums
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4.1.1 VSM duwriasdladrdgiidroTdsnduninnislva

n15897119 dogdnsniuasAdwni ey sruvivAladtsuas VSM udnasisa lalil

Step 2

71m Customer
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Step 3
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1l Process box

) Customer
Supplier Name Name
Process Name Information
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e

1@ Supplier
1dTiveghadla
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Push Arrow
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MM5197 4 ﬁqiﬁaﬁﬂﬁﬁmiu VSM

Takt time

' wl = v - » w, i
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1 LIRS BNV 8 FaTaa (480 uail) daednenWiktae 240 Tudeen

Takt time = 480/300 = 2 u1it wiladn unng 2 urfinrsdnoasa 1 ludan

Cycle time
& ol ' -
sraisaivuai e ] luusasfiansau

s1gfu N1sEeend 4 Aanssuuan 1s1daniidAn Cycle time wausiasianssy
*Tno Cycle time wasudazfianssuliaisuinuiotaondn Takt time uanfiuld
Lead time
& & . .
«ANTINVHIHNAAILA LA LAURLgANT ELIUNNS.
N L [ [ ; e o
19U Lead time 2a4n71589007 fia ssustiavisiuasminsvasnn 1dsuludaen
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Value-added time (VAT)
snafifaliifnguddagndrauainszuiunis

, ; - &
s1gfu lunszvounisdrooGelifihofugndiuaenszuiums MUUVAT w89
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Process efficiency percentage (PEP)

VAT #1670 Lead time x 100

+PEP Hudndinlssavndnvanmnssuiunis Tnufdrsendng 1 - 100 %
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" o <
Value-Added «fanssulunssuaunisfidrdsanisdads
ue- , .
. FuAvuinisiudandunssuaunis/dig
L (VA) «arsdiud gy iunsruua=in iTuunsgiu
I ) ; — ..
Business «AanssufidnfusianinfaLiifneufifiugaudn
Non-Value-Added ws W 1 ifingaude e luyuuasuasgné/diln
L (BNVA) swnlullsansaaimtdnaanly
' . ! ™
«fangsuf ia oA Tuyuuaswasgnd/ifilao
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M151471 5 finatheads Value analysis - nsrununsanslusiaaen
OFPD Pharmacy Flow As s To Be
Process Activity VA NNVA  NVA Time Time 1 {sec) Time 1 (sec)
ECER R 1 fusludauazaainen . 30 sec 30 in
2 wiuenidnenit . 48 sec 48 48
3 dmonlgwnouarfinaainm - 3% sec 39 39
4 damepfeniindunsasagoy . 9 e 9 9
3 saLARNMSRTIIREL » 1.28  min B8 b
* indunsAuduludoen (Wix) . 50 sec 30
ATIRADU & IadunsRsIIAauEN - 1.28 min =28 L
7 Gnafl@menfiensasin . 5 se 5
% spannaflsm b . 1546 min 946
ERLECHERH)] 7 wiRddaiewnry VN - 43 sec 43
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13 wimgadensaing - 14 &0 el 4
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* sagilhufieaanindu () - 2.07 min 127
Eplilip] 15 ndunsuiuneninaiudl - 12 sec 2 2
16 afueiSldmuariau iy - 34 sec 34 34
Total isec) 49 30 1154 LT = 1713 570
VAT = 149 199
PEF = 14.54 Z1.64

Diff Lyl Increase
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4.1.3 Pull system \Tuwdnnisddeguas Lean fululfaud
Wadulunsrurunisnanuialiuings ftuafivnsaunasninauamiudainis
w29gndn vdnnisiitsansunaiuiidsassuinenszuaunis fefiadluaugen
wansznnuils 151d81u1s01a Pull system wndszynd 1 luTsenwaruna’lsd 2

w1 lédun

= lunrsTiusnisgihe iy davedaa Timsuuds
HihuawAsaduen Waanliunn usswinensEUIuN1SILELALaRSEUENAD
EEHLTHRETHR A Y]

= lun1smruqunisiiindraanvIaraAnusinugaeag
wpeTsameIIa 1wu n15lEnrsaduiisluntsidnemdnuuduiiviosen (atae
auAunIsiindruauazanlFuinienasade

4.2 Defects: n1sanTlani1dfiazlinA1MNAANAIADANAINNTELIUNTS

flagiiu dwrsniiudnnisuas Six Sigma mszynals laaudunauss T

M151911 6 dunaunsan Defects

—— Step 1
« antiuiindayaauiawatafifiadulunszuiunis

« aqldayauasivlssuanuasainufianana
Step 2

« Aunndnsidruanufiaraiavauuafiauiy 1 81w (DPMQO)

+ 1WISEAL Sigma UavnsEuIunIg (Se6iu 1-6)
Step 3

+ AAEHITELAV/AMAARSAMUAANRIAN LAY
« d519ununil Pareto chart

+ IAandszinnaasamuiiawanaiinassulge
Step 4

+ %19 FMEA nszinunnsilagiiu
« IffusrusmAzuul ¥1d1 RPN wasseduauidas

« Alpsziuazmual LIRS udsInTzuIUNT
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wiaeflaflld

4.2.1 DPMO \Tunsiadrwrumnufianainsdalijifnasg 1

n
u = a

AUATI nuudnni1Tuad Six Sigma MwauuAMufAawain Aoy 3.4 Guda

UAiiEin1s 1 d7umse wsa 3.4 DPMO audusiusssvitsdiwruaiudanaindy

suiiu Sigma wivaaniilu 6 ey denalulil

a1 7 anuduiugssuinediunu Defects fiu Sigma level

Sigma level DPMO

1 697,672
308,770
66,810
6,210
233

=T ) IR SR R X ]

34

4.2.2 Pareto chart [Huusugiiuveiiudaauduiugszuing

undvilkdoivinBiiinaufianata Tasudminudiduatnuinldias ingne
Tunisitasisvinazifanildofngiualvtinaufianainuiniidn A uvannIsuay

Pareto 1513zanmufianain Tnasuuiilguiainiladaminliifinaufiananis

wins ldfitladofisuiuiludnduils=ano 80% wagiladeniaviug

@nata Pareto chart (nawii 17) uanddndrvaasiladafivin
Withim Medical errors ‘lunszuaunisdreangiiauan aanamaziudn fegun
Medical errors tAingniladuudnifies 3 Tade Taun daurfindiwiu Anvila wazfa

autn dedsnaliifinilogviunnndn 80% dawisuduiladaviovun fetu Tunns

USudganszurunisaenand marsiiuudilyuidafinen 3 aduvanilifunau
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Type of medical errors - Pareto chart

500 4 Preee——
E 400 /___ L B0
8 200 1 Lao &
3 100 L 20
0

TE SR F S S PSS

F &
& a\‘#& & é“'@#
§ § o N
2

Medication Errors 244 104 96 19 11 11 11 2
Percent 49.0 209 153 3B 22 22 22 04
Cum % 48.0 65.9 85.2 593.0 95.2 974 99.6 100.0

A 17 dinadeuay Pareto chart

4.2.3 FMEA (duiasasdladidnaialunisiiasisinazlszunadiniiy
\JBuvwatainisdnday (Failure mode) #iarafinduldTuudazfianssuuas
N5:17UN15 TdRd1AuAMudAgaadianssuiaTlTulTe tfiaanaulEuaei

anfinduluauinn dvsudunaunisddie FMEA dunsafintannnisii 8

titasannszrrunsng luTsewamagulvofiivaudunauuasiniy
dudau uinifindufdanainduaiadewanaaudaanivuasygihe siduismin

FMEA u1gretlumsimsisifedannamuidinistiulgenssuiunis iafiansan
sedumausuasiuuanelunsia sdiudaonia

NEaH719 FMEA  999n52U7UN153881 (ms’m"‘i g) wHRIN 16
Aassiuanfudayafianiar RPN ud2 151801 OxD wa: S luvigadnuas
a5l Priority matrix WiaAAsIsi wA25eifandSulseludnlvunau nsdlil

wdanleywrndiaanumdsegs (s2aui 1) 1rimsisiuasiiuuamalunisdiul e
fau TaglddualwInensdsulyanszurunas uda 1ilunas1eh 10
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M15797 8 diusaunisvin FMEA

—— Step1
UM IURARS TSNS uHuDilfnelan uas Process mapping o4
ASEUTUATS

SldsWduasfianssuuadngsuinnis Sedwuniu Process mapping
—— Step2

Y s w v P vl -
sgazpnasfimvupsidusatnsdadaeiiiu Tl ldimmusanusuniintalan

- - v oW ol a S w . -
Sansvuasidanisdadasmieduldluusasfianssuuainssuiunis
—— Step3

- P v w | - ' -
SieseidnvauaLHanssnuUatanstadacfianafindu luudasfianssy
ADINTEUIUANTT uasfiuE Tl le FMEA

¥ - - v w "
*Mimzuunioanid (O) uasauguuss (3) fidwisafinanisdedad: Rating

scale 1-10 Tz 1 WwiuA1 O, S tasfidga ua: 10 unudl O, S unflgn
Step 4

- - w o w o - i
fiasieiariudisnlunisnsiaduaintsdadasiotafindu luusas
fianssuwnangeuuns uasiimd 10w FMEA

“Mmzuuuaudunsalunisnsiadu (D): Rating scale 1-10

Toe 1 unud D wnfige uas 10 unud D tapfign
Step 5

*AuauA Risk priority number (RPN): RPN = OxSxD

- ] [ " . . - w
*Tiansmundn OxD fiu 8 Tu Priority matrix Wanseiuamdes

Risk level 1-4 Tng 1 unussfugdn was 4 unussFurign
Step 6

- - - - w . - ' w
sidanlsulgenssununisiifissdiuaudioedofiignnou (seeiu 1-2)
- e . .
siduauwlunsdfilifiiiasnanudns (Recommend action)

o P S R PR
“IMuRufaaauIafitdraFseminhilfiratnsdadasaanannssuiunis

WHHLWF.

Rating scale wuaz Priority matrix #1150y FMEA udaa lilunanuin
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A5 97 10 datduauusTunisiiulgenszuiunisdnsengihouan

Recommended Action

ndunsasadauuazuduludoonluszuy SSB

sy CDSS whanthalumsdoinaen
FaassnFwennashitMaowaduanusaasms
Faavsuyarainsliflanuiinlanszuiumsuayszuu SSB
stuuudafauuaamasauamuyludom

Teinalulafl Barcode dhsanmuAanaiauadau
wonenfiaaraqfuaanannfunazdanaivldadratany

T O mMmo N W p |*

wrndvinmstudurussuumafimsualaludooviaaannen
wuntanansuifly Electronic fle Tuszuy SSB aduludaen

%1 Patient flow Tl uluauaziinladng

U¥udaya Lot, Exp enluszuy SSB Lvinsedu Stock Astudiaalde

o= =

4.3 Deviation: A uudsdsiunanannazdinansznuaalszaniniwuas

NSzUUNT5UAT AmuulsUs AT uTunSzUIUNTA99BaI TSINEILNE ENEINE
nasusiaalNlasniouaraufivwalavasgilhandsuuinisnguaindndan

IdE@NIsadvann1suay Six Sigma Nds=yndlglun1siasisi ilaanvianidn
AauudsUsrulunszurunrsuasissnervialaguiu  dusuuuIniinisan
Deviation fidunauavsa il

Step 1 Step 2 Step 3
‘14 Capability analysis
nmullguiuasvauian 4 Histogram gdnusous y 4
Anssidaniwmdmnsn
n15an Deviaton mansyaudvadaya
waunssumsifivufy
= g Spec waignAn
#573d0U Spec waIgnAn ‘14 Control chart 5223y
uazifudayaannau UATMIANURUDIAN fimuauumnudlou

fradn Rawata 2an Deviation

A 18 wwanennsan Deviation
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fisnefurirT g ihe biflanala asandlawrddimaTnansedads=Angamluns
Tivsnisaaadasen s 3adanfudaya srozaisasudilatorvasha aan
Hilhe 361 au (Arsifudayalufuuazgramaridgihodiuiunnn) udnitum

Aassinuuuaneitldigualy Toold Histogram, Control chart w3a Capability

analysis AMU&6L

wdaeflaiild

4.3.1 Histogram (Iunsnvliviaudasdnuiuanuiivasdaya
wiazg wrabiiendudnsaenisnszanudivavdaya uananiidefioyldiiu

waaviaidassin Tunsiiesisinisuanusuaedayadndne fad1n19n5Ea LU
dayaudniagil

A b A

Normal = wanuaeind Skewed - a2y Bimodal - guiluug

mwfl 18 dradnisnsraavasdaya

Histogram of patient walting time
Mormal

Men  GELD
Sthev GEE
N N

i 20 ¢hadne Histogram - Patient waiting time
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finatauas Histogram (AW 20) uaasTdiudn szus1an

sapauuasihalaiflunansuanuasind wasiiatnual v wansindieuns
Audadsasuddlanuruiundndnfivan dednmauazuuansudigusazinly
Amsisisufuasasfialudiuuasinisan Delays uaz Defects ane udr348519

aanudlunszurunisluauiancaly

4.3.2 Control chart Huununfiuaasdayazinn1sinan
AIUAIAULIAN mmﬁﬂ'l‘ﬁLﬁmi'm'Tmammww'ﬁmﬁm'ﬁm%mﬂunizmumi
uannildeaunsnlFiion 319 LA AARIUNATAINTELIUANS AN NS U A 18BN
#qe drudsznavddguag Control chart “laun Anafo-idunany dadfinaiuau
WisannAnads +3 wasdredmiosuuninsgiu duuuiiendn Upper control limit
(UCL) druwiduanai3anin Lower control limit (LCL) wilaean Control chart fiag)
vanulseinn islarsiiarsannazidan g Tiuuzaunvanvauruasdaya Usanm
uardiatieuny Control chart udaenuntwil 21 uax 22 aua1dy

WuIRAFULaL
» XmR-chart
R 1 VI
dayasiiuls
X-bar, R-chart
AuAngudan
L wwnndal
§ X-bar, S-chart
Q
g c-chart
druauiu
|
u-chart
diayaAuauR
np-chart
ngdalgznm
e ——
p-chart

i 21 dszinnaas Control chart
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XmR Chart of Patient waiting time

UCL=19.32

=681

ICL=-5.69

1 ar 7 109 145 181 217 253 8 325 1
Observation

UCL=1536

Mi=270
ICL=0

1 ar 7 100 145 181 27 253 80 315 ]
Observation

amil 22 datinguas Control chart 1sziam XmR-chart

fAratvuas XmR-chart (nwi 22) udaahitiudn szueaan

sarauvavHthafinuudsdsiugenazagivilagauiunn1sAauqy Aty 151
fudasdimsrsidmguazuwlunmsatuaualiuulsilsiu wdninldimsaed

saufiuadasdia‘ludruuadnigan Delays ua: Defects dan tfiads19ng=uiun15 UL

aunmaraly

4.3.3 Capability analysis 1fiasa1nanuuilsysruiifadulu
nsEUnuN1TaRdeHasianufianalanatgnd e ol iedasflaiFegnin Uldiia
ARsERdaAUEINITITaIATELIUANT TN GRa ALl aR undaewavgndn TRk
flarsandadinvasdayailagiiufianagaialudadfafandrdiuua
wsuiisudy dayailqiiuiinnagnuludadrfauanssnuns

drususiuazldunnnag Hoflonudwinld Uszinnaas
Capability analysis n1swlaniiuvuny sauvisdunauntsvin uazdlativuay

Capability analysis uanIMuASUFsa Uil
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dndrfinvagnAn dndriinusinsanunts
*HARIEWI AT Lower spec limit *WARITEW TR Lower process
(LSL) fiu Upper spec limit (USL) limit (LPL) fiu Upper process limit
(UPL)

AW 23 AdwiRlunasyia Capability analysis

A5197 11 Uszinnaas Capability analysis

Topic Shot-Term Long-Term
naNfAInL YUIRALER unvnd

duau Lot Lot w#ien wanu Lot

AINIATY &1Tue - Ju Fmvi - fiau
ATUAINTNUDINTELIUNTS C. Ps
UssAnEnnuainssuIunig Cos P

Tamafiin g ATEUIUATTUITaY ngEuALASTINaLUED

M15191 12 n13fA1uA1a7n Capability analysis

fA1C, wia P, i1 C,, wila P,
sSnnda 1: auduisodawd g unni 1.5: nauduastaizunsad
wagna ldAaudegs
sy 1 ennudsauiifudednde *qewdn 1 - 1.5: rauduaidalundae
YINTELIUATS WA IH
stfaunda 1: s udsaraud1 faund 1; ligwisonauduaeda
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#1597 13 dunaunisin Capability analysis

Step 1
- w - . - -
sidandayaiasiny iR EEdaA I INAINNT0TAINTELIUNG

v . P v
+d5710 Histogram iagansusn1suanuasuadtaya

Step 2
@adaunIsianuatuaiayairinisnszanuiuuulmiSa’ly: duneald
Anderson-Darling method vinnsvadaudaaTusunsy Minitab
o . - - - v = a
sflaEAmuaTy Hy uwnuduufigi 1 "nisuanuatuasdeyaiiuuuudng
f1ldAN P-Value » g udmain nsuanuaasdayaduuuulnf
wel...87 1A P-Value € a udnidn nsuanuaveavdaya lWihulng

Step 3
Aiasteigduuunisuanuasuasdaya nseii bidluuuulnd: daunsald
Probability plot ua: Goodness of Fit Test SimssvigUuuunisuanual

- w - - .
sldanNAISUANLIIL I UaYAVIIWMNEFY Trefinnsmianal P-Value

Step 4
SAsERdnAI AN s nUDINSEUIUNTS: @nsaldilaidu Capability

analysis luTdsunsu Minitab vinnnsiwmsied Taedmuasduuunisuanuas
UDIUBYARIE

sszydindfinmoagne (#1 LSL uas USL) tfialdlunisinsisdiaiusen
wpanssuunisinaSeuiinudutasonsaiianddmun 1y

Step 5

AT 1IERATINEINITOUBINTELIUNT TREAISTMIINASV
uazrd1 C, (Short-term) w3a P, (Long-term)
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Process Capability of Patient waiting time
Calculations Based on Exponential Distribution Model

LSL USL
Process Data | QOveral Capadiity

LSL 0 Pp 071
Target * n PEL 110
ust 3 1) PPU 085
Sample Mean  £.81302 | | S Pok 0.68
g:::‘EN 26319741 | ‘ Exp. Overa! Performance
Theasnoid  oawsen2 | | || Y PR SL e

| PPM > USL 9809.20
Observed Performance PPM Total  9809.20
PPM < LSL 0.00 |
PPM > USL 18620.50 |
PPM Total  165620.50 |

|

|

Wil 24 ghatinguay Capability analysis 2anTusunsy Minitab

$ratinvwas Capbality analysis (nawfi 20) udaelsiiuda
sruzansanauvaviihudeliflunisuanuasng (uifuafunasin Histogram
uar Control chart) Wa¥AINKWANITNAFAUNITNSEITLNLIT TAISUINUIIULY
Exponential #28A1 P-value = 0.076 < 0.05 Tunisulsauiisudaanudiuisavasy
NS¥UIUNTS Wudn @1 Pp=0.71uay Pp=0.66 dofu Meluszurduuassrauzon

nsruauni1srsuluszuuilagiiu devliliarudiursanazls=ansninlunis
navduavdaiiuniavuasgihunuisasuun delidasnisaaasuruwiiu 30 u1i
aniu (s1drdludavimsisddniuguaziuinielunisaluquaiiuulsisiu udn

i lAessisuduedasiinludinuainisan Delays war Defects e iiagdne
nszuIunisluauanEaly
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Step 5: Create the improved process using Lean and Six Sigma

uan lddnwuariimsisviilgui Tnalevdnnns Lean uaz Six Sigma

iaaauazindadeiinn TiAn Delays, Defects u3a Deviation aanainnszuluns
Yagiiuud ludunauiivinisifiarsanuammuniu Foitldannnasiiasisiuaziin
wanen1suAtlasnanegf ldsunn Hludusaunauminndssanfidrdrafu u
ﬂ']"u,ﬂam‘fﬁ1ﬁ'mﬁnﬂé'uﬂwmxaaﬂuuunszumn'\ﬂuaumﬂ‘lﬁ fatisuasdunau
MsaanuuUNSEIuNTs luarIARLaRI R A e LU

Drug Operation Process

(As — Is)
Delays Defects Deviation
VSM DPMO Histograms
WValue analysis Pareto chart Control chart
Pull system FMEA Capability analysis
L e g
The future state VSM FMEA recommended actions
<5 =§=

The Improved Process
(To — Be)

AT 25 eIt una AT aNULLNSEUI LA TUaUIAR
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Step 6: Develop a quality control plan

LHuAIuAuA LA NIUnLMATd a8 a1 sdsulgens=urunisdasa
uarannsndsaTiidrvasnssrumsitiudEns linssununisiiudulse Iviasay
ptinsfiiafiusnm dunounisadne LWHULATLANAMNTWLAEAT D HIULHLATUANALATN
YaenTELIUMTUAART

M15197 14 TUAIUATISETNUHLATLANALATWUSN ASELILANS

Step 1
*NunIu Process mapping waunszuiuns (To-Be)

SdsiduardafianssuiaauainssuiIunis TREEtAUEAUR aUWaD

Step 2
-n'"muﬂﬁd'ﬁ"s’mﬁaz’Lﬂi"’lumimuquuﬂiazﬁaﬂiﬁumaaﬂizmumi

sfinvunuuinuaIn JuiatwuatAauilunisizangdaya

Step 3
si@annalnusawrsadflofiunedud S uATuANLAAE NS TNYDINSEUIUNTS
“35n1sA1uAN 1w SPC, Inspection, Mistake-proofing, Standard work, Visual
control
Step 4

& a = . v w - w Fy
sfnvunuruifiaiiu Reaction plan Tisasiunaufintloyvidulunszuiunns

- v sy -
-seyiiimitnsuAataua luunuaiugu
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wiaeflaflld

6.1 Statistical process control (SPC) Fhundasdameadidifunuin

AdnylunissnudfiusaTneaIngEUIUNIg Lﬁmmnn':'muﬂsﬂﬁ'zuLﬁm"ﬁu‘lﬁ‘luﬂﬂ
Aanssuuaenszuaw AsinAsoelanwadfidiungiunsadunasinmunavzgay
‘lﬂ’tﬁs\ﬂmmw‘lumsmuaunszmumsmnﬁqﬁu winedon1eadd 2 daifunum
AdgTun1siesisilarAatuAuAMMAINADINSEUIUAIS Aa Control chart wax

Capability analysis 157d@u13ndnwadi ldanieJasdlanenatiuidesisiidfiasnin

wasdaauaNsnuaInszuILng 18 Ina Tguannisdanin

Stable - In Control Unstable — Out of Control

7 A sreia g uazud latl egwn
Capsble Snuuafivsnandaly fAadulunssuaunig

A srsvid@vguazud lallqm
Arsieidmauazanaulslsiu ) e e v

Not Capable Lo nuufeanaruwlsdsiu
AAnTulunszuuns o

fifinduluns=uiinis

AR 26 N15AlAssiRaann SPC

Step 7: Validate the improved process
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A19197 17 dadrswanisisuutfisuain FMEA

Process RPN : As - Is To - Be Diff
Core Service Process 9391 . 37.56% 1314 526% ‘ 32.31%
C1 Prescribe drug to patient 1,584 256
C2 Prepare drug for patient 3,661 656
C3 Pay for drug and service 3,016 338
C4 Dispense drug to patient 1,130 64
Support Supply Process 8,421 " 18.71% 2246 499% | ¥ 13.712%
S1 Request drug from warehouse 2,301 192
S2 Replenssh drug to pharmacy 712 430
S3 Purchase drug from suppliers 2,842 1.170
S4 Receive and mange mventory 2,566 454
Total 17812 2545% ‘ 3560  5.09% | ¥ 2036%

Step 8: Hand over to the process owner for continuous improvement

ndnnsruaunisiisdiulge ldsunisnsiadauiiaduduariugnsas
mnvan dunauilisrdmnsadesansurunisfinatamdanieunuaiuauaun nly
Wrzasnsununisitiugauauuarquainen aliidnafiosnvmuariin1suiulss
nsrununsativdaiiasduly #esunsavinldnudunaudeil

Step 1 Step 2 Step 3 Step 4
FATUIMLNIU doud
For ldduuduay rae T o

it faunsEuIuNg PR wariudunadng
ANTEPLIRTIL vidauunuAILAN

: AILANUALALA
aaunmTviiduas s .

A5 1453y Best AR nEuthaIm asuaiatle

Practice ABINTHOUTIS TAsans

AN 28 Junaunisdsnaunuliidrvasnszuiunis
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unfl 4 daiduauusfiniiy

nMsUIu&Nn1S Lean uas Six Sigma wlszyndldluTsswenuna Hudn

u'u,':mwiﬁqE.‘Eqmmsﬂfn":u'lﬁmﬁﬂ%’uﬂwnwmumwaﬂwwmmmﬁﬂ
is=Ansnmuazauilaansis Lﬂmmﬂuﬁﬂm'is'iqrm"mLﬂ'umiﬂ%’uﬂﬁqns:mums
TmLlmﬁ\aﬁﬁmwﬁﬂwa'LmLazﬂ'Jmﬂaaaﬁumaﬂsgﬂ':m'ﬂuﬁ'ozhﬁm ﬁﬁﬁﬂmiﬂ%uﬂw
nszmumsﬂ’ﬁ'lﬁmﬂumﬁmﬁumwﬁowa’lq‘uawnmml.Laer’ﬁﬁ'mLﬁmﬂa\l'Lu
aszuaunsindae duafu idalwnasUsulsenszuauntsdszauatnuania nasin

1ann13 Lean uax Six Sigma ulszynd’ld Jemsdilafiviladosieg dasalilil

Leadership Support: n15U5uU5ensruauntsanadinaliianns

wasuwilas virlviueatnsuediudasdsuiladaungfingsy lunisdfifau dalu
15 ldfuaudusauuazaivduuainguiniseadlsaneiuia JdruaraTinas
U5uil5anszuunstinAus U ULAETIHRALSINAG LA NYARAINTANE T

Cross-Functional Team: &dutgnuaafinAIsuIINUARENUIENIUR

Wendaslunszurunsiidasnisdfulge taTvinndra lafidusuuaniinuuifni
watnvatelunisdsulginszuiunis

Training: n15uiA%a9dia Lean uar Six Sigma  u1dszyndlelu
TsangrunaasfindssAninnuaziuds:TawiunBedu vindudnuaeiuiniu
§IuANGIAEAL Lean uas Six Sigma

Data Collecting: a257719uruLazIAToNAINWSaNTUN1SIALSILSIH
diaya lavandayaludidrdgildlunisimssifiaddulgenssuiuns winis
anunsndafivuaziBungdayaldainszuy IT waslsiwuiuna druliifinainu

dzanuazs1ad lunnssiusuuaziimasidayaitiuadnaunn

Change Management: nnsin5uuAuwsauiasudamnndauuilasi

finduarnnisdiudgenszurunaiuddrdn lasanauidaouudatanadina
nzvuGatausssuLazATuLgan 18 TuaIANTUaY TSINEN LA

Motivation: n1sas1susigelaligiidwnardaelunszuiunis inaiu

ganfuuazasniidrusinlunisdiuvdgenszurunatuddrdy fasdondnau 1y
nsUSudgensruaunislssduaudnia
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MARUIN

OCCURRENC E RATING SCALE

Rating  Description Definition
10 iadule daunwsaafaduadtevantuaz 1 af
EERIIREY iafuldananian
9 Tdananse Lisnnsaaaeldinadatudaing
wanfeo'ls Aadunng 3-4 fu
: Tamauadu nfurzuoae
7 Foun Ussnaudlanvias 1 afs
6
Tamadady :
< o Raduidauas 1 af
4 Tamauadu afurnetunatama
3 tunaie Aadunng 3 wau
5 Tamaiadu nfutasunn
2hl Usznautlaz 1 afa
1 Tamaiadu wnvasldwoAaduan
1&unn S hildiefgamvihmAadudaing
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SE VERITY RATING SCALE

Rating  Deseription Definition

- amanabitfieduanofedia
10 duRTIEPIONSY - Aranudowiodussuy/mshisinnsdaamaansdn
Tapdsiaannisudaifau (luflssuuudadau)

9 - oafalviAianmadutheanda
gusTIELIA - ssuufisarudome/mshiusnmssasvgatsdn
wehanldfumsudadau (Isruuudadau)

- ananabitfiamaidvihod@nmiaofolunas
- 5 - fuwnhiuiand/dilalimavwalags
/ URTIY ¢ S e
- ssuufiadgw/amshivimsvdnsasngatedn
AahitinAnuatvwiasasvinnis re-work

- ananabvitiamsiiuihodndan

FuasIL - o ;

- fuwwnTiufgndy/dilolifenatathunaie

3 thunaie . . £
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as . - :

4 SusToanian - Dﬁﬂﬂﬂij’llﬁﬁn"lv‘iﬁ}llﬂ'imﬁﬂl\!Lﬂﬂll.l'ﬂﬂfl,l,ll'l'l.l"ll.ll.ﬁﬁ
- fwwnhiAgas/gihouesulifonala

3 fuunaie N

- spuuAetataadnias/dasliunssnumsivuinng
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dupnuidmian - gady/giholisgindtaunwianiady
- soeanTEnuRaszuy/mriwuiansfioadnian

[

- hifialvilfensiduihe
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Definition

it

10 (LA R fdoluflsruy/nalnlunsamatudaunwsas

9 Tariansiawi fisvuy/nalnlunisamadudaunnsas

3 sbisiin sunsaanadumtaunnsacifianiuns

: amasauvimiu

7 e finsasiasavuuy manual

6 HEu dolifinszinumslunsanadudaunwsas
Vivaaaanty
dolisunsaanadumdaunwnsac'le 100%

5 Tamaasany fnnsasiasavadnaias 2 fumau (double-

1hunae checks)

dolifisruudaTuldlunsasiadudaunwsas

4 - : o

Tamaasany sunsaanatumdaunwsasla 100%
3 ADUNII folifissuudaTulldlunsasadutaunwsas

Tamaasawuy
Foun

sunsaanadumtaunwsasle 100%
fissuudaTuidlunsasadudaunwsas

ATANLALT
uuuau
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Priority Matrix

High 10
9

8

7

Severity 6
5

4

3

2

Low 1

0 20 30 40 50 60 70 80 S0 100

Low Occurrence x Detection High

1 2 3 4
Risk priority numbers [
Very high  High Medium Low
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