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การประยกุตใ์ชห้ลกัการ LEAN และ SIX SIGMA ในแผนกเภสัชกรรมของโรงพยาบาล กรณีศึกษา
โรงพยาบาลในประเทศไทย 
THE APPLICATION OF LEAN AND SIX SIGMA IN HOSPITAL PHARMACY 
DEPARTMENT : A CASE STUDY IN THAILAND 
 
ธนพร พนัธุ์ชยัเพชร 5336124  EGIE/M 
 
วศ.ม. (วศิวกรรมอุตสาหการ) 
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มงคล เทียนวบิูลย,์ Ph.D. 
 
  บทคดัยอ่ 

วตัถุประสงค์ของงานวิจยัน้ี คือ การปรับปรุงกระบวนการจดัการยาในแผนกเภสัช
กรรมของโรงพยาบาลกรณีศึกษาในประเทศไทย โดยใชเ้คร่ืองมือซ่ึงผูว้ิจยัไดพ้ฒันาขึ้นจากการน า
หลกัการ Lean และ Six Sigma DMAIC มาปรับเขา้หากนั จากการศึกษาพบว่า ประสิทธิภาพใน
กระบวนการจดัการยาขึ้นอยูก่บั 25 ปัจจยัจากสาเหตุ 6 กลุ่ม ไดแ้ก่ กระบวนการจดัการยา บุคลากร
ทางการแพทย ์เทคโนโลยสีารสนเทศและโครงสร้างพื้นฐาน การจดัการสินคา้คงคลงั ผูป่้วย และยา
ที่สั่งจ่าย ในการปรับปรุงประสิทธิภาพของช่วงเวลาน า (Lead Time) ของกระบวนการจ่ายยา และ
กระบวนการสนบัสนุนการจ่ายยา พบวา่ การไหลของกิจกรรมในหอ้งยาและการไหลของผูป่้วยนอก
มีประสิทธิภาพเพิ่มขึ้น 37.10% และ 18.53% ตามล าดบั นอกจากน้ี การปรับปรุงความเส่ียงของ
อาการขดัขอ้งในกระบวนการจดัการยา พบวา่ ทั้งกระบวนการจ่ายยาและกระบวนการสนบัสนุนการ
จ่ายยามีความเส่ียงที่จะเกิดอาการขดัขอ้งลดลง 32.31% และ 13.72% ตามล าดบั สุดทา้ยน้ี ผูว้ิจยัได้
จดัท าคู่มือซ่ึงเสนอแนวทางในการปรับปรุงกระบวนการและแกปั้ญหาเก่ียวกบัความล่าชา้ (Delays), 
ความผิดพลาด (Defects) และความเบี่ยงเบน (Deviation) เพื่อสนับสนุนให้เกิดประสิทธิภาพและ
ความปลอดภยัตลอดทั้งโซ่อุปทานของโรงพยาบาล 
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CHAPTER I 

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 II 

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. 

 

Manufacturer Distributor Pharmacy
Consumer

(Patient)
Supplier

 

 

Figure 2.1 The typical structure of pharmaceutical supply chain 

(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 (AI) or even final products by providing 

outsourcing services to other companies 

Drug discovery and 

biotechnology 

companies 

Drug discovery and biotechnology companies, often 

relatively new start-ups with no significant manufacturing 

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. 

 

 

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 

Takt time is the rate of customer demand for the part or product 

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 

Production Schedule 

Development and use of a consistent and repetitive 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 

Material 

Storage 

The preparation of work areas  for direct presentation of 

supplied materials 

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 



Fac. of Grad. Studies, Mahidol Univ.  M.Eng. (Industrial Engineering) / 19 

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

Category 3: Throughput  (cont.) 

Design-of-

Experiments 

Use of statistical tools to analyze a process to determine the 

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 

Control (SPC) 

Use of control charts to study processes and determine when the 

process is out of control. 

Team-Based 

Problem 

Solving 

Solutions to problems that arise in the production process are 

generated at daily or weekly meetings facilitated by the 

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. 

 

 

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 

Histrograms 

Check sheets 

Scatter plots 

Cause-and-effect diagrams 

Flowcharts 

Pareto charts 

Affinity diagrams 

Interrelationship digraphs 

Tree diagrams 

Matrix diagrams 

Prioritization matrices 

Process decision program 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 (CI) 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 CI, 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 CI (Adapted from Salah et al., 2011 and Antony, 2006) 

Phase Description Tools/Techniques 

Define Projects are organized, 

improvement goals are set, and 

the overall value of the project is 

determined 

Tools: Process mapping, 

Brainstorming, SIPOC , GANTT 

charts, Cost-benefit analysis, 

Project team charter 

Techniques: Quality costing, QFD 

Measure The process is mapped and 

relevant data are collected 

Tools: SERVQUAL, GANTT 

charts, Histograms, KANO model 

Techniques: Quality costing, 

Process capability analysis, 

Benchmarking, Service FMECA 

Analyze The statistical tools are applied to 

analyze the collected data to 

determine process capability and 

sources of variation  

Tools: Brainstorming, RCA, 

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 

measure and analyze phases is 

used to generate possible 

solutions 

Tools: Brainstorming, RCA, 

SERVQUAL, GANTT charts 

Techniques: Quality costing, 

Process capability analysis 

Control The improved process is validated 

and handed over to the process 

owner 

Tools: GANTT charts, Control 

charts 

Technique: SPC 

 

  2.2.3 The combination of Lean and Six Sigma 

  Lean and Six Sigma are the two best CI 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 Sigma is 

part of Lean 

Lean as an encompassing methodology that uses Six Sigma 

as a tool within it, such as a Kaizen idea that appears in a 

VSM exercise 

2 Lean is part of 

Six Sigma 

Six Sigma as an encompassing methodology that forces 

some Lean tools into the DMAIC structure 

3 Lean is parallel 

to Six Sigma 

Case 1: Six Sigma and Lean are used separately from each 

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 

Lean and Six 

Sigma 

Both Six Sigma and Lean are applied concurrently,  such as 

a proposed integrated model for LSS of Salah et al. (2010) 

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 

guidelines : 

Lean Principle Six Sigma DMAIC 

1. Identify value 

2. Identify value stream 

3. Flow 

4. Pull 

5. Perfection 

1. Define 

2. Measure 

3. Analyze 

4. Improve 

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  

Effects : 

- Less variation   

- Uniform output   

- Less inventory   

- New accounting system   

- Less waste 

- Fast throughput 

- Less inventory 

- Fluctuation-performance 

measures for managers 

- Improved quality 

Criticisms : Statistical or system analysis 

not valued 

System interaction not considered 

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.  

 

Identify

Map

Flow

Pull

Perfect

Define

Measure

Analyze

Improve

Control

Lean Six Sigma

 

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 (Teichgräber 

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 III 

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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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.   

 

Case Study

Drug Operation Process of a Medical Center

Goals

Study Lean methodology Study Six Sigma methodology

Study the integration Lean and Six Sigma

Develop a modified Lean Six Sigma approach

Delays Defects Deviation

Research Question

How to apply Lean and Six Sigma methodologies to improve

drug operation process in hospital pharmacy department

Patient Safety Supply Chain Efficiency

Literature 

review

Literature 

review

Semi-structured 

interview

On-sited 

observation

Lean Six Sigma

Develop a process improvement guide to apply 

Lean and Six Sigma in Hospital

 

 

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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Warehouse Pharmacy PatientsSuppliers

 

 

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. 

 

Prescribe drug 

to Patient

Pay for drug

and service

Prepare drug for 

patient

Dispense drug

to patient

Request drug

from warehouse

Purchase drug

from suppliers

Receive & manage 

inventory

Replenish drug

to pharmacy

Core Service Process

Support Supply Process

 
 

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. 
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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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Figure 4.4 The Ishikawa diagram for long lead time problem 
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Figure 4.5 The Ishikawa diagram for medical errors problem                                         
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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. 

 

 

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

Prescribe drug 

to patient

Prepare drug

for patient

Pay for drug 

and service
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 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-

production 

Redundant work Multiple forms with same 

information Large batch size in 

purchasing order 

Request for overstocked drugs  

Waiting Idle time created when 

people, information, 

equipment or materials      

are not at hand 

 

Patient waiting for prescription 

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 

does not add value 

Patient walks between pharmacy 

and finance 

Looking for drugs, information, and 

prescription orders 

 

Excessive-

processing 

Activities that do not add 

value from the patient or 

customers perspective 

Multiple steps in purchasing 

procedure 

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: 

 

            Takt time =  
              

               
 =  

                    

                       
 =                    

 

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:  

 

PEP =  
                      

              
 x 100 

 

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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Figure 4.14 The origin of medical errors – Pareto chart 
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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 
 

 

 

 

Table 4.8 The recommended actions for drug operation process 
 

 

Process RPN High Risk Recommended Action

Core Service Process 9,391    of 25,000 37.56%

C1 Prescribe drug to patient 1,584   C11-C12 A, B, C,D

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

C3 Pay for drug and service 3,016   C31-C34, C36 E, I, J

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-S48 N, O

Total 17,812  of 70,000 25.45%

# Recommended Action

A Check and approve each prescription order by pharmacist in SSB system

B Use of Clinical Decision Support Systems (CDSS) support for prescribing

C Adequate health professionals and resources (computer, printer etc.)

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

E Establish tracking system in pharmacy with real time display

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

G Separate look-alike and sound-alike products

H Approve the revised prescription order by physicain 

I Send the related electronic files for each prescription order to pharmacy

J Environmental and workflow improvement for the smooth OPD patient fIow 

K Update the accurate stock into SSB system (lot, expired, amount)

L Training warehouse and pharmacy staff to deal with inventory management 

M Establish drug replenishment system from warehouse to pharmacy

N Reduce the complicated in purchasing process

O Improve purchasing system and communication with suppliers



Fac. of Grad. Studies, Mahidol Univ.  M.Eng. (Industrial Engineering) / 73 

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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Figure 4.16 The histograms of OPD 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 (H0) is that the data are normal. The alternative hypothesis (Ha) is that 

the data are non-normal. Reject H0 (accept Ha) when P-Value ≤ α (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 α = 0.05, we can reject H0 at α = 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 Pp = 0.71 

and the current process is not capable at Ppk = 0.66. We then moved onto the next step 

to identify improvements to the current process. 
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Figure 4.18 The summary for OPD patient waiting time 
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Figure 4.19 The probability plot for OPD patient waiting time  
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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. 

 

 

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.  

Stable – In Control Unstable – Out of Control

Capable Good
Analyze and correct 

special causes

Not Capable
Analyze and reduce 

common cause variation

Correct special causes to get 

a stable process, then reduce 

common cause variation
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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.  
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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 

 

 

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 

Process RPN : As - Is To - Be Diff

Core Service Process 9,391       37.56% 1,314       5.26% 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% 3,560       5.09% 20.36%
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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 
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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 
KPI 

*
 

 

Action 
**

 
1 2 3 

  Health Professionals         

1 Inappropriate prescription orders   ● ● A, B 

2 Prescription orders entered incorrectly   ● ● A, B 

3 Prescription order not entered ●  ● C, D 

4 Human errors at pharmacy ● ● ● 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   ● ● F 

2 Check inadequate at pharmacy   ● ● 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 
KPI 

*
 

 

Action 
**

 
1 2 3 

  Patients         

1 Wrong drug (type/dose/amount)   ● ● 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    ● O 

   

 

 

 

 

(*) 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 B 

 FMEA FOR DRUG OPERATION PROCESS (AS IS) 
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บั
ไ
ป
ต
ดิ
ต
อ่
แ
ผ
น
ก

7
ผ
ูช้
ว่ย
เภ
ส
ชั
ก
รห
อ้
งย
า

6
5
4

3
7
8

1
I

ท
ีห่
อ้
งย
า

ให
ผ้
ูป้่
วย
น
 า
ม
าย
ืน่
ท
ีห่
อ้
งย
า

ท
ีส่
ั ง่จ
า่ย
ย
า 
เพ
ื่อ
ต
าม
เอ
ก
ส
าร

(จ
า่ย
ส
ล
ปิ
ค
า่ย
า)

C
3
2
ห
า 

sl
ip

 จ
าก
ต
ะก
รา้
ย
า

F
M

1
3
ไ
ม
ส่
าม
าร
ถ
ต
รว
จ
ส
อ
บ
ส
ถ
าน
ะ

1
5
ระ
บ
บ
ย
ัง
ไ
ม
ถ่
ูก
น
 า
ม
าใ
ช
เ้พ
ื่อ
ช
ว่ย

1
0
เส
ยี
เว
ล
าต
าม
ห
า 

sl
ip

/ต
ะก
รา้
ย
า;

8
ผ
ูช้
ว่ย
เภ
ส
ชั
ก
รห
อ้
งย
า

7
7
0

5
6
0

1
E

ต
รว
จ
แ
ล
ว้

ข
อ
งใ
บ
ส
ั ง่ย
าภ
าย
ใน
ห
อ้
งย
า

ต
รว
จ
ส
อ
บ
แ
ล
ะต
ดิ
ต
าม
ใบ
ส
ั ง่ย
า;

ท
 า
ให

เ้ก
ดิ
ก
าร
ท
 า
งา
น
ซ
 ้ าซ
อ้
น
;

(จ
า่ย
ส
ล
ปิ
ค
า่ย
า)

;

ข
าด
อ
ปุ
ก
รณ์

ส
นั
บ
ส
นุ
น
ก
าร
ท
 า
งา
น

ผ
ูป้่
วย
ต
อ้
งร
อ
เป็
น
เว
ล
าน
าน

ต
าม
ห
าส
ล
ปิ
/ต
ะก
รา้
ย
า

F
M

1
4
ค
วา
ม
ผ
ดิ
พ
ล
าด
ข
อ
งค
น

1
6
ใส
บ่
ตั
รค
วิผ
ดิ
ต
ะก
รา้

; 
ค
วา
ม
เร
ง่ร
บี
;

7
ผ
ูป้่
วย
ไ
ด
ร้ับ
ย
าไ
ม
ถ่
ูก
ต
อ้
ง

7
เภ
ส
ชั
ก
รห
อ้
งย
า 

(จ
า่ย
ย
า)

6
4
2

2
9
4

1
E

เข
ยี
น
 V

N
 ผ
ดิ

C
3
3
ก
ด
บั
ต
รค
วิแ
ล
ะเ
รยี
ก
ช
ื อ่
ผ
ูป้่
วย

F
M

1
5
ภ
าร
ะง
าน
ค
อ่
น
ข
า้ง
ห
นั
ก

1
7
ห
อ้
งย
าจ
ะจ
า่ย
ส
ล
ปิ
ค
า่ย
าก็
ต
อ่
เม
ือ่

1
0
ผ
ูป้่
วย
ต
อ้
งร
อ
น
าน
 โ
ด
ย
เฉ
พ
าะ

6
ผ
ูช้
ว่ย
เภ
ส
ชั
ก
รห
อ้
งย
า;

8
8
0

4
8
0

1
E

รับ
 s

lip
ย
าถ
ูก
จั
ด
แ
ล
ะเ
ภ
ส
ชั
ก
รต
รว
จ
เร
ยี
บ
รอ้
ย

ก
รณี

ท
ีใ่บ
ส
ั ง่ย
าไ
ม
 ่A

u
to

 p
ri
n
t

จั
ด
ย
าโ
ด
ย
ด
ว่น
ใส
ต่
ะก
รา้
แ
ด
ง

F
M

1
6
ก
าร
จ
า่ย
ย
าใ
ห
ผ้
ูป้่
วย
ผ
ดิ
ค
น

1
8
จ
า่ย
 s

lip
 ค
า่ย
าใ
ห
ผ้
ูป้่
วย
ผ
ดิ
ค
น
;

5
ผ
ูป้่
วย
ไ
ด
ร้ับ
ย
าไ
ม
ถ่
ูก
ต
อ้
ง

8
เภ
ส
ชั
ก
รห
อ้
งย
า 

(จ
า่ย
ย
า)

5
2
5

2
0
0

2

ผ
ูป้่
วย
ช
ื อ่
อ
อ
ก
เส
ยี
งเ
ห
ม
อื
น
ก
ัน

P
ro

c
e

s
s
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 S
u

b
p

ro
c
e

s
s

F
a

il
u

re
 M

o
d

e
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 F
a

il
u

re
 M

o
d

e
s
 a

n
d

 E
ff

e
c
ts

 A
n

a
ly

s
is

 (
F
M

E
A

)
P

ro
c
e

s
s
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 C
o

re
 S

e
rv

ic
e

 P
ro

c
e

s
s
 (
ก
ร
ะ
บ
ว
น
ก
า
ร
จ
า่
ย
ย
า
ผ
ูป้่
ว
ย
น
อ
ก

)

#
C

a
u

s
e

s
O

E
ff

e
c
ts

S
C

u
rr

e
n

t 
C

o
n

tr
o

l
D

O
*

D
R

P
N

L
e

v
e

l
A

c
ti

o
n

 P
la

n

C
3
4
ส
ั ง่ 

R
e
p
ri
n
t 
ใบ
ส
ั ง่ย
า

F
M

1
7
ห
อ้
งย
าไ
ม
ไ่
ด
ร้ับ
ใบ
ส
ั ง่ย
า

1
9
ห
อ้
งย
าไ
ม
รู่ว้
า่ใ
บ
ส
ั ง่ย
าไ
ห
น
ไ
ม
ถ่
ูก
พ
มิ
พ
์1

0
ผ
ูป้่
วย
ต
อ้
งร
อ
น
าน
ก
วา่
ป
ก
ต
;ิ

6
ผ
ูช้
ว่ย
เภ
ส
ชั
ก
รห
อ้
งย
า

8
8
0

4
8
0

1
E

 จ
าก
 V

N
ข
อ
งผ

ูป้่
วย

ต
อ้
งร
อ
จ
น
ก
วา่
ผ
ูป้่
วย
ม
าย
ืน่
บั
ต
ร

ต
อ้
งส
ั ง่ 

R
e
p
ri
n
t 
ใบ
ส
ั ง่/
ฉ
ล
าก
ย
า

(จ
า่ย
ส
ล
ปิ
ค
า่ย
า)

;

แ
ล
ว้ต
รว
จ
ส
อ
บ
จ
าก
 V

N
 ผ
ูป้่
วย

ท
รา
บ
เม
ือ่
ผ
ูป้่
วย
ม
าย
ืน่
บั
ต
ร

C
3
5
ใส
บ่ั
ต
รผ
ูป้่
วย
ล
งใ
น
ต
ะก
รา้
แ
ด
ง

 -
 -

 -
 -

C
3
6
ผ
ูป้่
วย
น
 า
 s

lip
 ค
า่ย
าไ
ป
ย
ืน่

F
M

1
8
ผ
ูป้่
วย
ไ
ม
เ่ข
า้ใ
จ
ก
ระ
บ
วน
ก
าร

2
0
ผ
ูป้่
วย
ต
อ้
งเ
ด
นิ
ไ
ป
ต
ดิ
ต
อ่
ห
ล
าย
จ
ดุ
;

1
0
ผ
ูป้่
วย
เก
ดิ
ค
วา
ม
ส
บั
ส
น
;

6
ผ
ูป้่
วย
ถ
าม
เจ
า้ห

น
า้ท

ี่
8

8
0

4
8
0

1
J

ท
ีห่
อ้
งก
าร
เง
นิ
 (
ต
าม
ค
วิ)

ห
อ้
งย
าแ
ล
ะก
าร
เง
นิ
อ
ย
ู่ห
า่ง
ก
ัน

เก
ดิ
ค
วา
ม
ล
า่ช
า้จ
าก
ก
าร
เด
นิ
;

ไ
ม
ไ่
ด
ย้
นิ
/ไ
ม
รู่ว้
า่ถ
งึค
วิ

C
3
7
ผ
ูป้่
วย
ช
 าร
ะเ
งนิ
แ
ล
ะรั
บ
ใบ
เส
ร็จ

F
M

1
4
ค
วา
ม
ผ
ดิ
พ
ล
าด
ข
อ
งค
น

2
1
ก
าร
เง
นิ
 c

lic
k 
ช
 าร
ะเ
งนิ
ผ
ดิ
 V

N
;

4
ผ
ูป้่
วย
ต
อ้
งเ
ด
นิ
ก
ล
บั
ไ
ป
จ
า่ย
เง
นิ
;

6
เภ
ส
ชั
ก
รห
อ้
งย
า 

(จ
า่ย
ย
า)

;
6

2
4

1
4
4

3

 ค
วา
ม
เร
ง่ร
บี
; 
เล
อื
ก
 V

N
 ผ
ูป้่
วย
ผ
ดิ

ผ
ูป้่
วย
ท
ีจ่
า่ย
เง
นิ
แ
ล
ว้ต
อ้
งร
อ
น
าน

ข
อ
ด
ใูบ
เส
ร็จ
รับ
เง
นิ
ค
า่ย
า

C
4

. 
D

is
p

e
n

s
e

 d
ru

g
 t

o
 p

a
ti

e
n

t
1

1
3

0
o

f
4

0
0

0

C
4
1
ผ
ูป้่
วย
น
 า
ใบ
เส
ร็จ
ก
ล
บั
ไ
ป
ย
ืน่

F
M

1
8
ผ
ูป้่
วย
ไ
ม
เ่ข
า้ใ
จ
ก
ระ
บ
วน
ก
าร

2
2
ผ
ูป้่
วย
ต
อ้
งเ
ด
นิ
ไ
ป
ต
ดิ
ต
อ่
ห
ล
าย
จ
ดุ
;

9
ผ
ูป้่
วย
เก
ดิ
ค
วา
ม
ส
บั
ส
น
;

6
ผ
ูป้่
วย
ถ
าม
เจ
า้ห

น
า้ท

ี;่
7

6
3

3
7
8

1
J

ท
ีห่
อ้
งย
า

ห
อ้
งย
าแ
ล
ะก
าร
เง
นิ
อ
ย
ู่ห
า่ง
ก
ัน

เก
ดิ
ค
วา
ม
ล
า่ช
า้จ
าก
ก
าร
เด
นิ
;

เจ
า้ห

น
า้ท

ีข่
าน
ช
ื อ่
ผ
ูป้่
วย

ไ
ม
ไ่
ด
ย้
นิ
/ไ
ม
รู่ว้
า่ถ
งึค
วิ

C
4
2
ห
าต
ะก
รา้
ย
าต
าม
ล
 าด
บั
ค
วิ

 -
 

 -
 -

 -

C
4
3
อ
ธ
บิ
าย
วธิ
ใีช
แ้
ล
ะจ
า่ย
ย
า

F
M

1
6
จ
า่ย
ย
าใ
ห
ผ้
ูป้่
วย
ผ
ดิ
ค
น

2
3
ข
าด
ก
าร
ส
ื อ่
ส
าร
ก
ับ
ผ
ูป้่
วย

;
4

ผ
ูป้่
วย
ไ
ด
ร้ับ
ย
าไ
ม
ต่
รง
ต
าม
ท
ี่

8
เภ
ส
ชั
ก
รห
อ้
งย
า 

(จ
า่ย
ย
า)

;
4

1
6

1
2
8

2

ให
ผ้
ูป้่
วย

บั
ต
รค
วิส
ล
บั
ต
ะก
รา้
ก
ัน
; 
ต
รว
จ
ไ
ม
พ่
บ

แ
พ
ท
ย
ส์
ั ง่จ
า่ย

; 
เก
ดิ
ค
วา
ม
ผ
ดิ

อ
ธ
บิ
าย
วธิ
ใีช
ย้
าแ
ล
ว้ผ

ูป้่
วย

ส
ล
บั
ค
ูใ่บ
ส
ั ง่ย
าก
ับ
ฉ
ล
าก
ย
า

พ
ล
าด
จ
าก
ก
าร
ใช
ย้
า

แ
จ
ง้ว
า่ไ
ด
ร้ับ
ย
าไ
ม
ถ่
ูก
ต
อ้
ง

C
4
4
ผ
ูป้่
วย
รับ
ย
าก
ล
บั
บ
า้น

F
M

1
9
ส
ต็
อ
ก
ไ
ม
ต่
รง
 (

lo
t,

 e
xp

)
2
4
ย
าท

ีร่ะ
บ
บ
ท
 า
ก
าร
ต
ดั
ส
ต็
อ
ก
 l
o
t/

e
xp

1
0

T
ra

ce
a
b
ilt

y/
R
e
ca

ll 
ไ
ม
ไ่
ด
้

6
ไ
ม
ม่
ี

1
0

1
0
0

6
0
0

1
K

ไ
ม
ต่
รง
ก
ับ
ย
าท

ีจ่
า่ย
อ
อ
ก
จ
รงิ

;

ส
าม
าร
ถ
จ
า่ย
ย
าค
น
ล
ะ 

lo
t 
ต
อ่
ใบ
ส
ั ง่ย
า

แ
ต
ร่ะ
บ
บ
จ
ะต
ดั
แ
ค
 ่1

 l
o
t 
ต
อ่
ใบ
ส
ั ง่ย
า

C
4
5
ย
นื
ย
ัน
ก
าร
ต
ดั
ส
ต็
อ
ก
ย
า

F
M

1
9
ส
ต็
อ
ก
ไ
ม
ต่
รง
 (

a
m

o
u
n
t)

2
5
จ
 าน
วน
ย
าค
งเ
ห
ล
อื
ใน
ระ
บ
บ
ไ
ม
ต่
รง
ก
ับ

6
จ
 าน
วน
ย
าค
งเ
ห
ล
อื
ใน
ระ
บ
บ

1
ส
ุม่
นั
บ
ส
ต็
อ
ก
ห
อ้
งย
า

4
2
4

2
4

4

ใน
 S

S
B

ย
อ
ด
ค
งเ
ห
ล
อื
จ
รงิ

; 
F
o
n
t 
จ
ะต
ดั
ส
ต็
อ
ก

ไ
ม
ส่
ะท

อ้
น
ย
อ
ด
จ
า่ย
จ
รงิ

เด
อื
น
ล
ะ 

1
 ค
รัง้

อ
ัต
โน
ม
ัต
หิ
ล
งัไ
ด
ร้ับ
ช
 าร
ะเ
งนิ
 แ
ต
่

แ
บ
บ
 r

e
a
l 
ti
m

e

B
a
ck

 จ
ะต
ดั
ส
ต็
อ
ก
แ
ค
ว่นั
ล
ะ 

1
 ค
รัง้

T
o

ta
l 

R
P

N
 =

9
3

9
1

o
f

2
5

0
0

0

P
ro

c
e

s
s
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 S
u

b
p
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c
e

s
s

F
a

il
u

re
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o
d

e
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 F
a

il
u

re
 M

o
d

e
s
 a

n
d

 E
ff

e
c
ts

 A
n

a
ly

s
is

 (
F
M

E
A

)
P

ro
c
e

s
s
 :

 S
u

p
p

o
rt

 S
u

p
p

ly
 P

ro
c
e

s
s
 (
ก
ร
ะ
บ
ว
น
ก
า
ร
เต
มิ
เต็
ม
แ
ล
ะ
ส
ั ง่
ซ
ื อ้
ย
า
)

#
C

a
u

s
e

s
O

E
ff

e
c
ts

S
C

u
rr

e
n

t 
C

o
n

tr
o

l
D

O
*

D
R

P
N

L
e

v
e

l
A

c
ti

o
n

 P
la

n

S
1

. 
R

e
q

u
e

s
t 

d
ru

g
 f

ro
m

 w
a

re
h

o
u

s
e

 (
เบ
กิ
ย
า
จ
า
ก
ค
ล
งั
ย
า
)

2
3

0
1

o
f

1
1

0
0

0

S
1
1
เช
ค็
ส
ต็
อ
ก
แ
ล
ะเ
ต
มิ
ย
าข

ึน้
ช
ั น้

F
M

2
0
ย
าข
าด

/ล
น้
ส
ต็
อ
ก

2
6
ป
รมิ
าณ

ย
าบ
น
ช
ั น้
ไ
ม
เ่ห
ม
าะ
ส
ม
; 

1
0

ย
าบ
น
ช
ั น้
ไ
ม
เ่พ
ยี
งพ

อ
/ม
าก
เก
นิ
ไ
ป

6
ผ
ูช้
ว่ย
เภ
ส
ชั
ก
ร;

9
9
0

5
4
0

1
L

 (
ท
ุก
เช
า้)

ไ
ม
ม่
กี
าร
ก
 าห

น
ด
ระ
ด
บั
 m

in
/m

a
x;

ส
 าห

รับ
ก
าร
จ
า่ย
ย
าใ
น
แ
ต
ล่
ะว
นั
;

แ
บ
ง่ห

น
า้ท

ีก่
ัน
รับ
ผ
ดิ
ช
อ
บ
แ
ต
ล่
ะโ
ซ
น

เต
มิ
ย
าข

ึน้
ช
ั น้
โด
ย
ใช
ป้
ระ
ส
บ
ก
าร
ณ์

;
ต
อ้
งเ
ส
ยี
เว
ล
าเ
ต
มิ
ย
าข
ัน้
ช
ั น้
ง

ส
ต็
อ
ก
ย
าไ
วเ้
พ
ื่อ
ไ
ม
ใ่ห

ย้
าข
าด

ไ
ม
ม่
รีะ
บ
บ
แ
จ
ง้เ
ต
อื
น
ก
าร
เต
มิ
ย
า;

ระ
ห
วา่
ก
าร
จ
า่ย
ย
าใ
น
แ
ต
ล่
ะว
นั

ม
กี
าร
เบ
กิ
ย
าน
อ
ก
รอ
บ

L

ช
ั น้
วา
งม
พี
ื้น
ท
ีจ่
 าก
ัด

F
M

2
1
ส
อ
บ
ย
อ้
น
ก
ล
บั
ไ
ม
ไ่
ด
้

2
7
ข
อ้
ม
ลู
ย
าไ
ม
เ่พ
ยี
งพ

อ
;

1
0

T
ra

ce
a
b
ili
ty

/R
e
ca

ll 
ไ
ม
ไ่
ด
้

2
ไ
ม
ม่
ี

1
0

1
0
0

2
0
0

3

(T
ra

ce
a
b
ili
ty

)
บ
น
ซ
อ
งย
าท

ีท่
 า
ก
าร
 p

re
p
a
ck

 จ
ะต
ดิ

la
b
e
l 
แ
ส
ด
ง:

 ช
ื อ่
ย
า 
วนั
ห
ม
ด
อ
าย
ุ 

แ
ล
ะจ
 าน
วน
เม็
ด

F
M

2
2
ข
าด
ทั
ก
ษ
ะแ
ล
ะค
วา
ม
รู
้

2
8
เจ
า้ห

น
า้ท

ีต่
อ้
งรั
บ
ผ
ดิ
ช
อ
บ
ห
ล
าย
อ
ย
่าง

;
1
0

ก
าร
จั
ด
ก
าร
ย
าบ
น
ช
ั น้
แ
ล
ะค
ล
งัย
่อ
ย

6
เภ
ส
ชั
ก
ร 

(ค
ล
งัย
่อ
ย
ห
อ้
งย
า)

;
9

9
0

5
4
0

1
L

ข
าด
ทั
ก
ษ
ะ/
ค
วา
ม
รูด้
า้น
ก
าร
พ
ย
าก
รณ์

ข
อ
งห

อ้
งย
าข
าด
ป
ระ
ส
ทิ
ธ
ภิ
าพ

ค
วบ
ค
มุ
ก
าร
เบ
กิ
ย
าจ
าก
ค
ล
งัย
า

แ
ล
ะก
าร
จั
ด
ก
าร
ส
นิ
ค
า้ค
งค
ล
งั 

S
1
2

K
e
y 
เบ
กิ
ย
าใ
น
ระ
บ
บ
แ
ล
ะ

F
M

0
2
ก
าร
ก
รอ
ก
ข
อ้
ม
ลู

2
9

K
e
y 
ข
อ้
ม
ลู
ก
าร
เบ
กิ
ย
าไ
ม
ถ่
ูก
ต
อ้
ง;

7
ห
อ้
งย
าม
ยี
าไ
ม
เ่พ
ยี
งพ

อ
/ม
าก
เก
นิ

6
เภ
ส
ชั
ก
ร 

(ค
ล
งัย
่อ
ย
ห
อ้
งย
า)

;
9

6
3

3
7
8

1
M

ส
ั ง่พ

มิ
พ
 ์(

M
a
n
u
a
l+

S
S
B
)

ไ
ม
ถ่
ูก
ต
อ้
ง

ระ
บ
ขุ
น
าด

/จ
 าน
วน

/ห
น่
วย
ข
อ
งย
าผ
ดิ

ไ
ป
 เ
ก
ดิ
ปั
ญ
ห
าย
าข
าด

/ล
น้
ส
ต็
อ
ก

ค
วบ
ค
มุ
ก
าร
เบ
กิ
ย
าจ
าก
ค
ล
งัย
า

F
M

1
9
ส
ต็
อ
ก
ไ
ม
ต่
รง

3
0
จ
 าน
วน
ย
าค
งเ
ห
ล
อื
ใน
ระ
บ
บ
ไ
ม
ต่
รง
ก
ับ

9
ค
ล
งัย
าต
อ้
งป
รับ
แ
ก
ต้
วัเ
ล
ข
เท
่าท

ี่
3

ผ
ูช้
ว่ย
เภ
ส
ชั
ก
ร 

(ค
ล
งัย
า,

 ห
อ้
งย
า)

9
8
1

2
4
3

2

(a
m

o
u
n
t)

ย
อ
ด
ค
งเ
ห
ล
อื
จ
รงิ

; 
ก
าร
 u

p
d
a
te

 ส
ต็
อ
ก

ส
าม
าร
ถ
จ
า่ย
ไ
ด
;้ 
ห
อ้
งย
าไ
ม
ไ่
ด
ร้ับ

ไ
ม
เ่ป็
น
แ
บ
บ
 r

e
a
l 
ti
m

e
; 
ม
ยี
าร
อ
รับ
ท
ี่

ค
รบ
ต
าม
จ
 าน
วน
ท
ีต่
อ้
งก
าร
เบ
กิ

ส
าม
าร
ถ
จ
า่ย
ไ
ด
แ้
ต
ไ่
ม
ไ่
ด
 ้k

e
y 
เข
า้ร
ะบ
บ

S
1
3
ต
รว
จ
แ
ล
ะ 

a
p
p
ro

ve
 ใ
บ
ข
อ

F
M

1
0
ต
รว
จ
ส
อ
บ
ไ
ม
เ่พ
ยี
งพ

อ
3
1
ต
รว
จ
แ
ล
ะป
ระ
เม
นิ
จ
าก
ป
ระ
ส
บ
ก
าร
ณ์

;
9

ห
อ้
งย
าม
ยี
าไ
ม
เ่พ
ยี
งพ

อ
/ม
าก
เก
นิ

2
ผ
ูช้
ว่ย
เภ
ส
ชั
ก
ร 

(ค
ล
งัย
า)

;
6

5
4

1
0
8

4

เบ
กิ
ย
า 

(M
a
n
u
a
l+

S
S
B
)

ย
ัง
ไ
ม
ม่
รีะ
บ
บ
/เ
ค
รือ่
งม
อื
ส
นั
บ
ส
นุ
น

ไ
ป
 เ
ก
ดิ
ปั
ญ
ห
าย
าข
าด

/ล
น้
ส
ต็
อ
ก

ป
รับ
แ
ก
ต้
วัเ
ล
ข
เท
่าท

ีส่
าม
าร
ถ
จ
า่ย
ไ
ด
้

S
1
4
ส
ง่ใ
บ
ข
อ
เบ
กิ
ย
าใ
ห
ค้
ล
งัย
า 

F
M

2
3
ก
าร
ท
 า
งา
น
ซ
 ้ าซ
อ้
น

3
2

K
e
y 
ใบ
ข
อ
เบ
กิ
ซ
 ้ าซ
อ้
น
; 
ไ
ม
ไ่
ด
ย้
ก
เล
กิ

2
ค
ล
งัย
าจั
ด
ย
าต
าม
ใบ
ข
อ
เบ
กิ
ผ
ดิ
ใบ

;
1

ผ
ูช้
ว่ย
เภ
ส
ชั
ก
ร 

(ค
ล
งัย
า)

;
4

8
8

4

(L
if
t)

ใบ
ข
อ
เบ
กิ
เด
มิ
ใน
ระ
บ
บ
 S

S
B

เก
ดิ
ก
าร
ท
 า
งา
น
ซ
 ้ าซ
อ้
น

รับ
ใบ
ข
อ
เบ
กิ
ใน
ระ
บ
บ
แ
ล
ะฉ
บ
บั
จ
รงิ

S
1
5
เข
ยี
น
เบ
กิ
ย
าแ
ล
ะล
งช

ื อ่
ใน
ส
ม
ดุ

F
M

0
2
ก
าร
ก
รอ
ก
ข
อ้
ม
ลู

3
3
เข
ยี
น
ข
อ้
ม
ลู
ก
าร
เบ
กิ
ย
าไ
ม
ถ่
ูก
ต
อ้
ง;

4
ห
อ้
งย
าม
ยี
าไ
ม
เ่พ
ยี
งพ

อ
/ม
าก
เก
นิ

3
เภ
ส
ชั
ก
ร 

(ค
ล
งัย
่อ
ย
ห
อ้
งย
า)

;
6

2
4

7
2

3

เบ
กิ
ย
าน
อ
ก
รอ
บ
 (

M
a
n
u
a
l)

ไ
ม
ถ่
ูก
ต
อ้
ง

ระ
บ
ขุ
น
าด

/จ
 าน
วน

/ห
น่
วย
ข
อ
งย
าผ
ดิ

ไ
ป
 เ
ก
ดิ
ปั
ญ
ห
าย
าข
าด

/ล
น้
ส
ต็
อ
ก

ต
รว
จ
ส
อ
บ
แ
บ
บ
 M

a
n
u
a
l

S
1
6
ต
รว
จ
แ
ล
ะล
งช

ื อ่
ใน
ส
ม
ดุ
เบ
กิ
ย
า

F
M

1
0
ต
รว
จ
ส
อ
บ
ไ
ม
เ่พ
ยี
งพ

อ
3
4
ต
รว
จ
แ
ล
ะป
ระ
เม
นิ
จ
าก
ป
ระ
ส
บ
ก
าร
ณ์

;
6

ห
อ้
งย
าม
ยี
าไ
ม
เ่พ
ยี
งพ

อ
/ม
าก
เก
นิ

2
ผ
ูช้
ว่ย
เภ
ส
ชั
ก
ร 

(ค
ล
งัย
า)

;
6

3
6

7
2

4

น
อ
ก
รอ
บ
 (

M
a
n
u
a
l)

ย
ัง
ไ
ม
ม่
รีะ
บ
บ
/เ
ค
รือ่
งม
อื
ส
นั
บ
ส
นุ
น

ไ
ป
 เ
ก
ดิ
ปั
ญ
ห
าย
าข
าด

/ล
น้
ส
ต็
อ
ก

ป
รับ
แ
ก
ต้
วัเ
ล
ข
เท
่าท

ีจ่
า่ย
ไ
ด
จ้
รงิ

S
1
7
โท

รแ
จ
ง้ค
ล
งัย
าแ
ล
ะส
ง่ส
ม
ดุ

F
M

1
4
ค
วา
ม
ผ
ดิ
พ
ล
าด
จ
าก
ค
น

3
5
บ
อ
ก
ข
อ้
ม
ลู
ย
าท

ีต่
อ้
งก
าร
ไ
ม
ถ่
ูก
ต
อ้
ง;

4
ห
ย
บิ
ย
าจ
าก
ช
ั น้
แ
ล
ะล
งส
ต็
อ
ก
ก
าร
ด์

3
ผ
ูช้
ว่ย
เภ
ส
ชั
ก
ร 

(ห
อ้
งย
า)

;
5

2
0

6
0

4

ล
งล
ฟิ
ต
์

ระ
บ
ขุ
น
าด

/จ
 าน
วน

/ห
น่
วย
ข
อ
งย
าผ
ดิ

ไ
ม
ถ่
ูก
ต
อ้
ง

ต
รว
จ
รับ
ย
าเ
ท
ยี
บ
ส
ม
ดุ
ข
อ
เบ
กิ

P
ro

c
e

s
s
 &

 S
u

b
p

ro
c
e

s
s

F
a

il
u

re
 M

o
d

e
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e
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 a

n
d

 E
ff

e
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ts

 A
n

a
ly

s
is

 (
F
M

E
A

)
P

ro
c
e

s
s
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 S
u

p
p

o
rt

 S
u

p
p

ly
 P

ro
c
e

s
s
 (
ก
ร
ะ
บ
ว
น
ก
า
ร
เต
มิ
เต็
ม
แ
ล
ะ
ส
ั ง่
ซ
ื อ้
ย
า
)

#
C

a
u

s
e

s
O

E
ff

e
c
ts

S
C

u
rr

e
n

t 
C

o
n

tr
o

l
D

O
*

D
R

P
N

L
e

v
e

l
A

c
ti

o
n

 P
la

n

S
1
8

K
e
y 
แ
ล
ะ 

A
p
p
ro

ve
 ใ
บ
ข
อ
เบ
กิ

F
M

0
2
ก
าร
ก
รอ
ก
ข
อ้
ม
ลู

3
6

K
e
y 
ข
อ้
ม
ลู
ก
าร
เบ
กิ
ย
าไ
ม
ถ่
ูก
ต
อ้
ง;

5
จ
 าน
วน
ย
าค
งเ
ห
ล
อื
จ
รงิ
ไ
ม
ต่
รง
ก
ับ

2
เภ
ส
ชั
ก
ร 

(ค
ล
งัย
่อ
ย
ห
อ้
งย
า)

;
8

4
0

8
0

4

ย
อ้
น
ห
ล
งัใ
น
ระ
บ
บ
 S

S
B

ไ
ม
ถ่
ูก
ต
อ้
ง

ระ
บ
ขุ
น
าด

/จ
 าน
วน

/ห
น่
วย
ข
อ
งย
าผ
ดิ

จ
 าน
วน
ย
าค
งเ
ห
ล
อื
ใน
ระ
บ
บ

ต
รว
จ
ส
ม
ดุ
ข
อ
เบ
กิ
เท
ยี
บ
ใบ
ข
อ
เบ
กิ

S
2

. 
R

e
p

le
n

is
h

 d
ru

g
 t

o
 p

h
a

rm
a

c
y

 (
เต
มิ
ย
า
ให
ห้
อ้
ง
ย
า
)

7
1

2
o

f
1

1
0

0
0

S
2
1
ค
ล
งัย
าอ
อ
ก
ใบ
จั
ด
ย
า 

F
M

0
2
ก
าร
ก
รอ
ก
ข
อ้
ม
ลู

3
7
ส
รา้
งใ
บ
จั
ด
ย
าโ
ด
ย
 c

o
p
y 
ข
อ้
ม
ลู
จ
าก

2
จั
ด
ย
าไ
ม
ถ่
ูก
ต
อ้
งต
าม
ใบ
ข
อ
เบ
กิ
;

2
ผ
ูช้
ว่ย
เภ
ส
ชั
ก
ร 

(ห
อ้
งย
า)

;
6

1
2

2
4

4

แ
ล
ะป
รับ
ป
รงุ
จ
 าน
วน
ย
า

ไ
ม
ถ่
ูก
ต
อ้
ง

ใบ
ข
อ
เบ
กิ
ผ
ดิ
ใบ

; 
ป
รับ
ต
วัเ
ล
ข
ย
าผ
ดิ

ห
อ้
งย
าไ
ม
ไ่
ด
ร้ับ
ย
าค
รบ
ต
าม

ต
รว
จ
รับ
ย
าเ
ท
ยี
บ
ใบ
ข
อ
เบ
กิ

ท
ีส่
าม
าร
ถ
จ
า่ย
ไ
ด
จ้
รงิ

รา
ย
ก
าร

จ
 าน
วน
ท
ีต่
อ้
งก
าร
เบ
กิ

F
M

1
9
ส
ต็
อ
ก
ไ
ม
ต่
รง

3
8
ย
าร
อ
ต
รว
จ
รับ
ไ
ม
ไ่
ด
ถ้
ูก
น
 า
เข
า้ร
ะบ
บ
;

9
ใช
เ้ว
ล
าใ
น
ก
าร
ต
รว
จ
ส
อ
บ
ส
ต็
อ
ก

2
ผ
ูช้
ว่ย
เภ
ส
ชั
ก
ร 

(ค
ล
งัย
า)

;
4

3
6

7
2

4

ค
ล
งัย
าย
อ
ม
ให

ข้
อ
เบ
กิ
เก
นิ
ก
วา่
จ
 าน
วน

ค
งเ
ห
ล
อื
จ
รงิ
แ
ล
ะป
รับ
แ
ก
ต้
วัเ
ล
ข
;

ป
รับ
แ
ก
ต้
วัเ
ล
ข
เท
่าท

ีส่
าม
าร
ถ
จ
า่ย
ไ
ด
้

ค
งเ
ห
ล
อื
ใน
ระ
บ
บ
 เ
พ
รา
ะส
าม
าร
ถ
ย
มื
ย
า

ห
อ้
งย
าไ
ด
ร้ับ
ย
าล
า่ช
า้

รอ
ต
รว
จ
รับ
ม
าจ
า่ย
ก
อ่
น
ไ
ด
้

S
2
2
ห
ย
บิ
ย
าจ
าก
ช
ั น้
แ
บ
บ
 F

E
F
O

 
F
M

1
4
ค
วา
ม
ผ
ดิ
พ
ล
าด
จ
าก
ค
น

3
9
ห
ย
บิ
ย
าจ
าก
ช
ั น้
ไ
ม
ถ่
ูก
ต
อ้
ง;

3
จั
ด
ย
าไ
ม
ถ่
ูก
ต
อ้
งต
าม
ใบ
ข
อ
เบ
กิ
;

2
ต
รว
จ
นั
บ
ส
ต็
อ
ก
ค
ล
งัย
า;

3
9

1
8

4

แ
ล
ะล
งส
ต็
อ
ก
ก
าร
ด์
 (
ค
ล
งัย
า)

ผ
ดิ
ข
น
าด

/จ
 าน
วน

/ห
น่
วย
ข
อ
งย
า

ห
อ้
งย
าไ
ม
ไ่
ด
ร้ับ
ย
าค
รบ
ต
าม

ห
าส
าเ
ห
ต
ทุ
ีต่
วัเ
ล
ข
ไ
ม
ต่
รง
แ
ล
ะท

 า
ก
าร

จ
 าน
วน
ท
ีต่
อ้
งก
าร
เบ
กิ

แ
ก
ไ้
ข
ให

ถ้
ูก
ต
อ้
ง

4
0
ล
งส
ต็
อ
ก
ก
าร
ด์
ไ
ม
ถ่
ูก
ต
อ้
ง;

2
จ
 าน
วน
ย
าท

ีจ่
า่ย
จ
รงิ
ไ
ม
ต่
รง
ก
ับ

1
ต
รว
จ
นั
บ
ส
ต็
อ
ก
ค
ล
งัย
า

4
8

8
4

ผ
ดิ
ข
น
าด

/จ
 าน
วน

/ห
น่
วย
ข
อ
งย
า

จ
 าน
วน
ย
าท

ีล่
งใ
น
ส
ต็
อ
ก
ก
าร
ด์

S
2
3
จั
ด
ย
าใ
ส
ร่ถ
เข็
น
ส
ง่ข

ึน้
ล
ฟิ
ต
์

F
M

1
4
ค
วา
ม
ผ
ดิ
พ
ล
าด
จ
าก
ค
น

4
1
ค
ล
งัย
าท

 า
ก
าร
จั
ด
แ
ล
ะจ
า่ย
ย
าไ
ม
ถ่
ูก
ต
อ้
ง;

3
ห
อ้
งย
าไ
ด
ร้ับ
ย
าไ
ม
ค่
รบ

/เ
ก
นิ
จ
าก

2
ผ
ูช้
ว่ย
เภ
ส
ชั
ก
ร 

(ห
อ้
งย
า)

;
5

1
5

3
0

4

ค
ูก่
ับ
เอ
ก
ส
าร
ข
อ
เบ
กิ
ย
า

น
 า
ย
าใ
ส
ร่ถ
เข็
น
ไ
ม
ค่
รบ

/เ
ก
นิ
จ
าก
ท
ี่

ท
ีข่
อ
เบ
กิ
จ
าก
ค
ล
งัย
า

ต
รว
จ
รับ
ย
าเ
ท
ยี
บ
เอ
ก
ส
าร
ข
อ
เบ
กิ
ย
า

ห
อ้
งย
าข
อ
เบ
กิ

S
2
4
ห
อ้
งย
าต
รว
จ
รับ
ย
าเ
ท
ยี
บ

F
M

1
4
ค
วา
ม
ผ
ดิ
พ
ล
าด
จ
าก
ค
น

4
2
ค
ล
งัย
าแ
ก
ไ้
ข
ข
อ้
ม
ลู
ใน
ใบ
ข
อ
เบ
กิ

3
ห
อ้
งย
าไ
ด
ร้ับ
ย
าไ
ม
ค่
รบ

/เ
ก
นิ
จ
าก

2
ต
รว
จ
นั
บ
ส
ต็
อ
ก
ห
อ้
งย
า;

5
1
5

3
0

4

เอ
ก
ส
าร
ข
อ
เบ
กิ
ย
า 

(M
a
n
u
a
l)

ไ
ม
ถ่
ูก
ต
อ้
ง;

 จ
 าน
วน
ย
าใ
น
ใบ
จั
ด
ย
า

ท
ีข่
อ
เบ
กิ
จ
าก
ค
ล
งัย
า

ห
าส
าเ
ห
ต
ทุ
ีต่
วัเ
ล
ข
ไ
ม
ต่
รง
แ
ล
ะท

 า
ก
าร

ก
ับ
ใบ
ข
อ
เบ
กิ
ไ
ม
ต่
รง
ก
ัน

แ
ก
ไ้
ข
ให

ถ้
ูก
ต
อ้
ง

S
2
5
จั
ด
เก็
บ
ย
าข

ึน้
ช
ั น้
แ
บ
บ
 F

E
F
O

 
F
M

1
4
ค
วา
ม
ผ
ดิ
พ
ล
าด
จ
าก
ค
น

4
3
ก
าร
จั
ด
ย
าข

ึน้
ช
ั น้
ท
ีห่
อ้
งย
าไ
ม
 ่F

E
F
O

;
6

ก
าร
จ
า่ย
ย
าอ
อ
ก
จ
าก
ช
ั น้

3
ผ
ูช้
ว่ย
เภ
ส
ชั
ก
ร 

(ห
อ้
งย
า)

;
9

5
4

1
6
2

3

(ห
อ้
งย
า)

ย
า 

lo
t 
ท
ีเ่บ
กิ
ม
า 

e
xp

 ก
อ่
น
ย
าท

ีจ่ั
ด
อ
ย
ู่

ไ
ม
 ่F

E
F
O

จั
ด
ย
าข

ึน้
ช
ั น้
โด
ย
เร
ยี
งต
าม
 e

xp

บ
น
ช
ั น้
ปั
จ
จ
บุ
นั

F
M

2
0
ย
าข
าด

/ล
น้
ส
ต็
อ
ก

4
4
ข
าด
ระ
บ
บ
ค
วบ
ค
มุ
จ
 าน
วน
ย
าบ
น
ช
ั น้
;

8
ย
าบ
น
ช
ั น้
ไ
ม
เ่พ
ยี
งพ

อ
/ม
าก
เก
นิ
ไ
ป

2
ถ
า้ย
าใ
น
โซ

น
รับ
ผ
ดิ
ช
อ
บ
ข
อ
งใ
ค
ร

1
0

8
0

1
6
0

3

ห
อ้
งย
าไ
ม
รู่จ้
 าน
วน
ย
าค
งเ
ห
ล
อื
บ
น
ช
ั น้
;

ส
 าห

รับ
ก
าร
จ
า่ย
ย
าใ
น
แ
ต
ล่
ะว
นั
;

ข
าด
ส
ต็
อ
ก
จ
ะถ
ูก
ล
งบ
นั
ท
กึ
ไ
ว
้

ไ
ม
ม่
สี
ต็
อ
ก
ก
าร
ด์
/ร
ะบ
บ
ต
ดั
ส
ต็
อ
ก
จ
าก

ต
อ้
งเ
ส
ยี
เว
ล
าเ
ต
มิ
ย
าข
ัน้
ช
ั น้

(ส
ว่น
ให

ญ
จ่
ะต
นุ
ย
าเ
พ
ื่อ
ไ
ม
ใ่ห

ข้
าด

)

ช
ั น้
วา
งย
า 
ณ
 ห
อ้
งย
า

ระ
ห
วา่
งก
าร
จ
า่ย
ย
าใ
น
แ
ต
ล่
ะว
นั

S
2
6
ค
ล
งัย
าล
งบ
นั
ท
กึ
ใน
ส
ม
ดุ

F
M

0
2
ก
าร
ก
รอ
ก
ข
อ้
ม
ลู

4
5
เข
ยี
น
ข
อ้
ม
ลู
ก
าร
เบ
กิ
ย
าไ
ม
ถ่
ูก
ต
อ้
ง;

3
จั
ด
ย
าไ
ม
ถ่
ูก
ต
อ้
งต
าม
ใบ
ข
อ
เบ
กิ
;

2
ผ
ูช้
ว่ย
เภ
ส
ชั
ก
ร 

(ห
อ้
งย
า)

;
6

1
8

3
6

4

จ
า่ย
ย
าน
อ
ก
รอ
บ
 (

M
a
n
u
a
l)

ไ
ม
ถ่
ูก
ต
อ้
ง

ระ
บ
ขุ
น
าด

/จ
 าน
วน

/ห
น่
วย
ข
อ
งย
าผ
ดิ

ห
อ้
งย
าไ
ม
ไ่
ด
ร้ับ
ย
าค
รบ
ต
าม

ต
รว
จ
รับ
ย
าเ
ท
ยี
บ
ส
ม
ดุ
เบ
กิ
ย
า

จ
 าน
วน
ท
ีต่
อ้
งก
าร
เบ
กิ

น
อ
ก
รอ
บ

P
ro

c
e

s
s
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 S
u

b
p

ro
c
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s

F
a

il
u
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o
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#
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s
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E
ff
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S
C

u
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e
n
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APPENDIX D 

FMEA FOR DRUG OPERATION PROCESS (TO BE) 
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APPENDIX E 

A PROCESS IMPROVEMENT GUIDE TO APPLY LEAN AND  

SIX SIGMA IN HOSPITAL 
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