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Abstract: 

The case study/report presented describes how processes were improved using Lean Value Stream 

Mapping tools and Queue Theory tools. Major outcomes were focused on reducing waiting time to 

patient access to radiation treatment and to reducing daily waiting time to access to treatment slots. 

The performance improvement was in the order of 75% to treatment slots access, reducing from two 

hours to 30 minutes; and access to care waiting time reduced from more than three months to same 

day access to special cases; and one week waiting time or “planned access” to all other. The process 

redesign also eliminated up to three hours of overtime daily. 
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1. INTRODUCTION 

The concept called of “lean thinking” is most commonly associated with Japanese manufacturing, 

particularly the Toyota Production System (TPS). Much of the TPS way of thinking is based on the 

work of quality  Edwards Deming, who taught,who taught, among other things, that managers 

should stop depending on mass inspection to achieve quality and, instead, focus on improving the 

production process and building quality into the product in the first place.  

Since the first reports of lean initiatives in healthcare in US by Virginia Mason Medical Center, 

many others attempted to apply lean thinking in healthcare to address crowding, delays and safety 

(Holden 2011). One of the landmark results presented by Virginia Mason was the substantial 

capacity improvement with only area redesign (Womack 2005). The Brazilian government has the 

constitutional obligation to provide healthcare assistance to the entire Brazilian population; 

however, it faces serious capacity and quality restrictions while promoting it. One of the most 

serious restrictions related to the lack of ability to care provided by the public sector is the resource 

allocation that is insufficient and poorly managed. According to several national surveys, healthcare 

assistance is the second most cited problem needing better attention (Aranda 2012). In several 

countries lean thinking applied to healthcare has proven to improve access and quality of the 

services provided; even in private organizations or mixed systems (like Brazilian and American); 

lean thinking in healthcare has produced impressive results. Lean consists basically in separating 

waste from value; removing non-added value activities from value streams and eliminating waste in 

a continuous pattern. Most common wastes are transportation, activities or unnecessary processes, 

material or patient handling, inventory, defects or failures, delays and overproduction. Other 

problems addresses as waste as well are interactions between enterprises or areas; poor 

communication and misuse of resources. Most common benefits are associated to direct and indirect 

cost reduction, set free capacity and personnel. Initiatives to implement the lean thinking in medical 



services and healthcare are just the beginning (Womack and Jones, 2003; Spears 2005 and 

Silberstein, 2006).  

Queues is healthcare are quite frequent and are usually considered to be created by bottlenecks in 

the process.  

For Womack and Jones (1998)  lean is a way to do more with less and at the same time offer 

customers exactly what they want. This means using less human effort, equipment, time and space 

to increase the value and minimize waste simultaneously. There are five general principles of lean 

thinking as shown: specify value from the standpoint of the end customer by product family, 

identify all the steps in the value stream for each product family, eliminating whenever possible 

those steps that do not create value, make the value-creating steps occur in tight sequence so the 

product will flow smoothly toward the customer, As flow is introduced, let customers pull value 

from the next upstream activity and as value is specified, value streams are identified, wasted steps 

are removed, and flow and pull are introduced, begin the process again  until a state of perfection is 

reached.  

 

 

2. LITERATURE REVIEW 

 

 There is no common sense about the definition of lean production and there is not a “single point” 

to guide the concept definition (Howleg 2007). Lean Production is a dynamic, multifaceted and 

complex system with multiple interdependent connections. Academic books and articles still 

struggle to define clear measures for lean production (Shah 2007); one well established and popular 

tool, Value Stream Mapping (VSM) as proposed by Shook and Rother (1999) is used to identify and 

analyze, as well as suggest solutions to production problems.  

 

2.1. Value Stream Map  

The value stream consists in identifying “all the value added and non-value-added actions required 

to bring a specific product, service, or combination of products and services to a customer; 

including those in the overall supply chain as well as those in internal operations” (Womack, Jones 

and Roos, 1990). The value stream mapping enables the organization to understand the current 

process, identify the three types of tasks: (1) value-added, (2) necessary but not value-added, and 

(3) non-added-value steps (Womack and Jones 2003); and provide a vision of gains and benefits 

associated with waste removal. The VSM is basically a PDCA cycle (PlanDo-Check-Act) involving 

the following simplified steps: identify the value stream (current state); problem analysis; value 

proposition (future state); action plan (value delivery); and sustainability (action). For problem 

analysis we used common lean and quality tools: Pareto Analysis; Cause-Effect Diagrams; Affinity 

Diagrams; Five Whys; and Spaghetti Diagram (Pinto 2010).  

 

2.2. Queue Theory Tools  

Queue theory is the study of queue process formation and propagation to access any kind of service 

and its formation is a common phenomenon is systems with unbalanced capacity and demand. 

Queue theory is used by lean thinking to address capacity problems and is one of the seven wastes 

(waiting). In the Brazilian healthcare systems, queues are usually accepted and perceived as a 

capacity problem: the capacity is always below demand. This assumption is frequently a 

misconception and expresses poor management of the queue. Queue disciplines are rules applied to 

queues to reduce waiting times and process (Hiller and Lieberman, 1995) 3. METHODS Case 

Study, problem analysis and value proposal  

 

2.3. Kanban 

Is any mechanism to communicate the time to replenish or produce exactly what is being requested 

and the amount due, enabling the production flow is pulled (Junior et al., 2008; Slack, 2008). 

The principal reasons to employ Kanban System instead of computerized system are: 



The principal reasons to employ Kanban System instead of computerized system are (Y. Sugimori 

et al, 2007). 

(1) Reduction of cost processing information. It calls for huge cost to implement a system that pro-

vides production schedule to all the processes and suppliers . 

(2) Rapid and precise aquisition off acts.   

(3) Limiting surplus capacity of preceding shops.  

 

2.4. Pareto analysis 

 

A quality tool called “Pareto analysis” is  commonly  referred  as a statistical technique in decision 

making that is used for the selection of a limited number of tasks that produce significant over-

alleffect. It is a relatively simple methodology that is used when trying to determine which tasks or 

factors in na organization will have the most impact (Cervone, 2009). It ranks the data/factors in the 

descending order from the highest frequency of occurrences to the lowest frequency of occurrences. 

The total frequency is summed to 100 percent. The“vital few” items occupy a substantial amount 

(80 percent) of cumulative percentage of occurrences and the “useful many” occupy only the re-

maining 20 percent of occurrences, which is also known as the 80-20 rule .The results of a Pareto 

analysis are represented in a bar graph in  the form of a descending order and helps to predict easily 

which factors are vital few and those factors which have least amount of benefits (Talib et al.,. 2011). 

 

 

3. METHODOLOGICAL PROCEDURES 

This is an action research study, where we identified a problem, used problem analysis tools and 

defined a value proposal, as stated by Shook et al (1999). In this part of the  article will be presented 

in the local case study and service procedures. 

 

 

3.1. First generation of Value Stream Map Chemotherapy - 2011 

 

The chemotherapy treatment process involves (a) patient arrival at front desk, where patient chart is 

prepared. (b) Triage process for vital signs and basic interview. (c) Medical appointment where he 

or she will be evaluated and a prescription is filled with the required drugs for chemotherapy 

treatment; (d) then the prescription is checked and treatment is scheduled, usually for the same day. 

(e) The nurse double check the prescription (for name, dose, age, and other safety barriers); (f) and 

send it to the pharmacy; (g) there is another crosscheck by the pharmacist and then it is filled. (h) At 

the treatment slot, the patient is evaluated by nurse before chemotherapy is started, each treatment 

plan requires different criteria; (i) if the patient is cleared, chemotherapy and medication is 

administered. (j) By the end of the treatment patient is reassessed for clinical condition; (k) the 

patient is then discharged and then leave the unit. 

 



 

Figure 1. Representation of VSM for Chemotherapy process. Source: Prepared by the author 

(2012). 

First action in 2011 

Was studied the epidemiology of weekly chemotherapy treatment schedule at IOV .That showed us 

the patients were distributed as following: 27% Breast Cancer, 13% colon-rectum cancer, 13% 

Prostate Cancer, 9% Head & Neck and 5% Lung Cancer. 

 

3.1.1. Major Problems 

An anterior Value Stream Map of Chemotherapy  had established  the utmost limit to treat 30 pa-

tients a day, but  was observed that in some days we had less than 30 patients with a long delay. On 

the other hand , in other occasions we had some quiet days with more than 30 patients. For this rea-

son, it was demanded to detail the problem. 

We developed a multi professional team involving the stakeholders (chemotherapy nurses, triage 

nurse, doctor, pharmacist , lean team, director ) .  We used the value stream mapping (VSM) to de-

sign our current state  and develop our future state and action plans.  

Was identified the unevenness in productivity due to the various protocols carried out during the 

week. There was a concentration of patients for chemotherapy infusion  with the diagnosis of colon-

rectum cancer on mondays, tuesdays and Wednesdays represented by red  triangle in figure 2 

The short-duration chemotherapy (green circle) and breast chemotherapy (red circle) was scheduled 

as the patient’s availability or whithout a standard . The chemotherapy agenda was overloaded  not 

only by the number, but by the complexity of the protocols . 

 

 



 
Figure 2: chemotherapy schedule representation before the improvements 

 

 

3.1.2. Proposed Actions 

Leveling the schedule of chemotherapy treatment: 

 Besides the several improvements possible using lean thinking, the major problem for the unit was 

the waste associated to waiting time for queues, caused by instability or “MURA” (variation). This 

instability could be seen on weekly schedules, Daily Treatment Plan (daily production plan) and 

queue management. 

We focused on queue theory to develop stability to the entire system by applying queue discipline 

into several steps of the VSM and process leveling to daily and weekly schedules. The unit used the 

FIFO (First In-First Out) system for all of its queues and delivering poor services due long waiting 

time.  

• Using the queue theory was settled bundles: 

• The two larger volumes are colon/ rectum and  breast cancer. We distributed then  as fol-

lows 

•  Patients of colon and rectum cancer from Mondays to Wednesdays 

•  Patients with breast cancer from Thursdays to Fridays. 

• The rest of the cancers would be distributed according to the complexity : low complexity 

from  Mondays to Wednesdays  and high complexity from Thursdays to Fridays. 

 

 

Monday Tuesday Wednesday Thursday Friday 



 

 

Figure 3: chemotherapy schedule representation after the improvements 

 

 

3.2. Second generation fo Value Stream Map- 2014 : 

 

3.2.1. Major Problems 

14 chemotherapy chairs with an increased number of patients/day  by 31% from the year of 2011 to 

the year of 2014. Average waiting time of 40 min per patient to get inside  the chemotherapy room. 

Was identified 2 flows of patients. The principal flow of patients was already scheduled on the 

agenda and the minor flow was compound by patients that  meet the doctor that day , without 

schedule for treatment ( only a prevision ) but with the proposal for continuous flow. 

Based on these flows, we identified times of peaks in the chemotherapy room graph 1: Pareto 

analysis by hour. 

 

 

Monday Tuesday Wednesday Thursday Friday 



 
 

Graph 1:  Pareto analysis by hour in chemotherapy room 

 

Countermeasures 
 

1: A new work station (chemotherapy clearance)  was defined with work force realocation .The aim 

was to manage the second flow eliminating  wastes to ensure the service “flows” to the customer 

without any interruption, until the chemotherapy room . 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: New work station(chemotherapy clearance) / work force realocation 

 

 

2: Definition of a new agenda of chemotherapy with schedule for patients in the two flows. All the 

stakeholders were trained to access the agenda. 

 

3: Kanban in the chemotherapy room door: 

For managing the vacancies in the chemotherapy room. (green kanban identifies that there is vacan-

cy red kanban identifies that there isn’t vacancy). 

Visual 4-Visual management in the chemotherapy room door: Whenever there is patient waiting to 

get inside the chemotherapy room and there is no place in chemotherapy it is identified as a prob-

lem with a red folder.  

 

 

 



 
 

Figure 5: Kanban for managing chemotherapy room 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Managing problems with colorful folders 

 

 

 

RESULTS 

 

 

With the first generation map,  after distributing the patients in bundles we decreased  the variation 

of the agenda in 60% . 

With the second generation of the map we were able to  reduce 92% of waiting  time for  patient to 

get inside chemotherapy room and start treatment. 

 

 
 

Graph 2: Reduction in waiting time to get inside chemotherapy room 



 

 

 

 

 

CONCLUSION 

Queue theory is the study of waiting lines and its behavior and predictability. According to Hiller 

and Lieberman (1995), “Queuing theory itself does not solve this problem directly; however, it does 

contribute vital information required for such decisions by predicting various characteristics of the 

waiting lines...” The application of lean techniques helps to identify for the minimization of  

waste generated in the processes, ensuring greater productivity.  Value Stream Mapping and Lean 

Thinking embraces the waiting process as one of the most frequent seven wastes. Our study              

addressed countermeasures to deal with a “queue” using lean thinking and queue theory with 

positive results.  

Leveling queue access and integrating apparently independent processes led these major results.  

This study showed the unit was able to leveling the agenda in 60% and  reduce  92%  of waiting 

time per day using value stream mapping; queue management; and gathering information to 

improve and connect major flows in the process: the patient, the information and involved 

personnel.  
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