
HAL Id: hal-04117706
https://inria.hal.science/hal-04117706

Submitted on 5 Jun 2023

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution 4.0 International License

Lean Healthcare Applied Systematically in the Basic
Image Examination Process in a Medium-Sized Medical

Clinic
Samuel Martins Drei, Paulo Arruda Ignácio, Antônio Júnior, Li Li Min,

Thiago Oliveira Silva

To cite this version:
Samuel Martins Drei, Paulo Arruda Ignácio, Antônio Júnior, Li Li Min, Thiago Oliveira Silva. Lean
Healthcare Applied Systematically in the Basic Image Examination Process in a Medium-Sized Medical
Clinic. IFIP International Conference on Advances in Production Management Systems (APMS), Sep
2021, Nantes, France. pp.403-412, �10.1007/978-3-030-85902-2_43�. �hal-04117706�

https://inria.hal.science/hal-04117706
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://hal.archives-ouvertes.fr


 
 
 
This document is the original author manuscript of a paper submitted to an IFIP 
conference proceedings or other IFIP publication by Springer Nature.  As such, there 
may be some differences in the official published version of the paper.  Such 
differences, if any, are usually due to reformatting during preparation for publication or 
minor corrections made by the author(s) during final proofreading of the publication 
manuscript. 
 
 
 



Lean Healthcare Applied Systematically In The Basic 

Image Examination Process In A Medium-sized Medical 

Clinic 

Samuel Martins Drei1[0000-0003-1719-7738], Paulo Sérgio de Arruda Ignácio2[0000-0003-4688-

8693], Antônio Carlos Pacagnella Júnior2[0000-0003-4485-2777], Li Li Min3[0000-0001-6272-5339] 

and Thiago Augusto de Oliveira Silva4[0000-0002-6805-9098] 

1 Fluminense Federal University, Niterói, Brazil 
samuelmartins94@gmail.com 

2 School of Applied Sciences, Campinas State University, Limeira, Brazil 
psai@unicamp.br 

antonio.junior@fca.unicamp.br 
3 School of Medical Sciences, Campinas State University, Campinas, Brazil 

limin@unicamp.br 
4 Institute of Exact and Applied Sciences, Federal University of Ouro Preto, João Monlevade, 

Brazil 
thiago@ufop.edu.br 

Abstract. The objective of this paper is to propose a systematic application of 

Lean Healthcare in the activity of fetching the next patient in the X-ray examina-

tion process. The methodology used is based on two pillars: the first, called a 

survey, aims to map the process in which the focus activity is inserted and, thus, 

obtain the associated waste, identifying the root cause of what will be treated. 

Then, the proposed Lean pillar will propose a tool to remedy the waste in ques-

tion, applying the necessary actions within a schedule and, finally, collecting the 

results and comparing them with the initial measurement. As a result, there is an 

improvement in the hospital processes from the Lean perspective, specifically in 

the activity of fetching the next patient, in the X-Ray examination, reducing the 

non-added value identified in this activity, that is, in the waiting time of the pa-

tient. As conclusions, it was possible to obtain concrete information about the 

implementation of this proposed systematic application, so that it can be repli-

cated in other wastes, generating a systematic proposal, filling a gap in the liter-

ature, which covers the lack of fully structured studies with practical results of 

Lean Healthcare systematics in the medical clinic wing of hospitals. 
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1 Introduction 

Given the development of the Toyota Production System (TPS), [1] stated that the pro-

duction of small quantities with a variety of products was appropriate for the reality in 

Japan. As such ideals went against Mass Production, TPS focused on increasing 
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efficiency with the methodical and complete elimination of waste. Thus, this system, 

later named Lean Manufacturing or Lean Production, was inserted in the means of man-

ufacturing based basically on waste reduction, through the elimination or mitigation of 

non-added value [2]. Lean Production established a production method that, at the same 

time, prioritized the elimination of waste without neglecting the quality of the resulting 

product at the end of the process, ensuring cost reduction for the organization and the 

approval of its consumer market. 

In addition, over time, Lean Manufacturing has become part of other realities on the 

market, such as the service sector, creating the concept known as Lean Management 

[3]. Thus, the Lean tool can be used in several areas of production, service provision or 

decision making, given that there is a plausible conduct of its application. Therefore, it 

was reflected in the health environment, with the designation of Lean Healthcare. Man-

agers and politicians have struggled to limit rising costs, while still providing appropri-

ated health care [4]. Hospital’s environment is very conducive to incorporating Lean, 

given that such health organizations are complex places of great social importance, 

which must provide quality services with a comprehensive restriction of resources [5]. 

Hospital environments in Brazil operate with a budget that is often less than necessary 

[6], so you have to be even more competent in your processes to be able to serve your 

patients without reducing the expected quality, after all this issue directly affects the 

health, well-being and even the life of your patient. Many healthcare organizations have 

improved their operations by adopting the lean healthcare approach [7-9]. 

With the increasing application of Lean Healthcare in recent years [10] the research 

problem is configured to use, appropriately, the teachings and tools derived from Lean 

to achieve a standard of application that can be replicated in hospitals in the future. So, 

the objective of this paper is to propose a systematic application of Lean Healthcare in 

the activity of fetching the next patient in the X-ray examination process, with the spe-

cific objectives of: (i) surveying the current state of the X-ray examination in patients 

in the medical clinic wing, (ii) use the tools and concepts available in the literature to 

support the solution of the identified wastes and (iii) propose a viable solution aligned 

with Lean Healthcare and collect its results. 

The justification for this study is given by the benefits that Lean Healthcare is able 

to bring to health services, focusing primarily on hospitals within the Unified Health 

System in Brazil, especially in the medical clinic wing, as well as the importance of the 

study hospital to its region. 

It is important to highlight that, notoriously, other papers have already addressed 

individual applications of Lean Manufacturing in health sectors, however this study is 

part of a project branch, based on the non-identification of applications in the medical 

clinic wing of hospitals [11], in order to formalize a systematic application of Lean 

Healthcare in this wing, through the application proposed in different activities e.g. [12-

13]. 

Finally, some studies also bring systemic applications of Lean Healthcare [14], how-

ever they point out that it was not fully applied and the associated performance 

measures were not elaborated. So, the proposed application is a novelty justified, given 

this gap, through the complete application of a new proposed systematic, collecting the 

results of the application, for future replications, especially in the medical clinic wing. 
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2 Theoretical Reference 

2.1 Lean Healthcare 

Lean manufacturing is primarily based on the elimination of waste, assisting the process 

of value creation for all stakeholders [15]. In hospitals, the main processes are those 

responsible for the diagnosis, treatment and convalescence of the patient. The other 

processes are supporters of the essential services [16-17]. For [18] the application of 

the Lean philosophy in health is perfectly acceptable, and the first step is to include 

time and comfort as factors in the evaluation of the system. [19] states that one of the 

imperative points in the Lean is that the entire organization must be examined and in-

cluded, in order to generate improvements, therefore, in this new paradigm, it is neces-

sary to involve all people in the organization in what it is expected by the patient, and 

it is necessary to create a permanent flow of people, information and materials creating 

value, without incurring additional costs for the health organization in question. 

In addition, in health care it is necessary to take into account the basis for defining 

the value for the patient, which is found in the six dimensions of care of the United 

States Institute of Medicine: (1) safe care, (2) efficient, (3) effective, (4) agile, (4) pa-

tient-centered and (5) fair. Everything that is not considered value to the patient is de-

fined as activities that do not add value, or waste [20]. This requires the implementation 

of quality procedures in the scope of health as a mandatory requirement, which consists 

of a detailed analysis of the processes involved in carrying out a procedure, including 

all aspects [21]. The health system is constantly exposed to a seemingly inexhaustible 

flow of new advances aimed at improving the organizational and operational aspects of 

the health system, through changes in operations, organization or management princi-

ples, given the nature of this sector [4]. 

Therefore, for [22] the successful implementation of Lean Healthcare can help 

achieve some objectives, which include (i) Increase the distribution of power among 

people; (ii) Improved flow; (iii) Eliminate unnecessary expenses; (iv) Align resources 

and their demand; (v) Make it perfect the first time; (vi) Learn in practice; (vii) Identify 

problems more easily and (viii) Anticipation of tasks. By applying Lean, organizations 

can eliminate waste such as overproduction, waiting, transport processing, unnecessary 

inventory, unnecessary displacement and defects [15]. 

2.2 Lean Healthcare Applications 

As well as Lean Manufacturing, different forms of application of Lean have also been 

developed within a healthcare environment, because, however much there is a basis for 

application in manufacturing, when talking about services, adaptation and even inser-

tion of new points in the lean health methodology are necessary [23]. [24] evaluated 

whether the application of Lean techniques, in a rehabilitation service, reduced waste 

and added value to the client. Thus, the cost of stored material was reduced by 43% and 

consumption per treated patient by 19%, increasing the patient's dedication time by 7%. 

In turn, [25] evaluated how the 5S management method creates changes in the work-

place and in the process and results of health services, and how it can be applied in a 
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low-resource setting, based on data from a pilot intervention of the 5S program. imple-

mented in a hospital in Senegal. Thus, with regard to efficiency, it was possible to re-

duce the time to search for items, as well as decrease the movement of the team through 

the laboratories. Regarding patients, it was possible to reduce the waiting time and also 

improve the guidelines given to them. Finally, in relation to safety, there was an im-

provement in the sterilization process. [26] used a case study with a survey of the root 

causes using the 5 whys tool, questioning the professionals in the focus unit of the work, 

who had been in it for at least three months. Finally, [27] proposes to study the logistics 

problems in Brazilian hospitals through Lean methods, approaching different aspects 

of logistics and the procedures adopted in health institutions such as receiving, storage 

and transporting. 

According to the current literature, emergency and surgical procedures have been 

the main targets when it comes to Lean implementation [14], so this paper focuses on 

the medical clinic, specifically on the hospitalization activity of the entrance process, 

once that there is no paper in medical clinic when it comes to Lean Healthcare [11]. 

Furthermore, this paper addresses this gap, proposing a systematic application of Lean 

Healthcare, already applied in a medium-sized Brazilian hospital, presenting positive 

results exposed in it. 

3 Method 

The methodology of this paper was divided into two pillars - called Lean Survey and 

Proposal, so that the application structure proposed in previous works [11,13] and, thus, 

present a systemic application.  

In the Survey, the following steps were applied, presented in the study of the process: 

(i) Mapping of the X-Ray Examination process, through observations made during the 

day-to-day of the hospital, establishing the times of each activity through the use of the 

Value Stream Mapping (VSM) establishing the aggregated and non-aggregated values 

of each activity; (ii) Identification of the waste that occurred in the activity of fetching 

the next patient, inserted in the X-Ray Examination process. Furthermore, on the waste 

and Lean proposal section, it was (iii) Established the causes of this waste, with the 

selection of the greatest number of occurrences to be remedied, using the Pareto Graph; 

and (iv) Identification of the root cause of the waste to be remedied, using the 5 whys 

tool. 

Then, still in the waste and Lean proposal parte, having identified the root cause, the 

second pillar, Lean Proposal, began, which unfolded as follows: (i) Lean improvement 

proposal, related to the identified waste, using an appropriate lean manufacturing tool; 

(ii) Structure the action plan proposed by [23]; (iii) Apply the actions, following the 

topics of the schedule. Finally, is (iv) calculate the time savings that the solution has 

brought to the activity, in the results part. 

The purpose of this proposal is that it be executed and made available to those re-

sponsible and applied in the future, not only in the activity of fetching the next patient, 

but in other waste identified in the medical clinic, thus developing a systematic appli-

cation of Lean Healthcare, which can be used widely. 
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4 Development 

4.1 Study Of The Process 

The medical clinic is a complex wing having more than one distinct flow. Thus, it was 

splinted into three types of flows to be better studied. They are: (i) entry in the medical 

clinic, (ii) general processes - which include procedures performed on all or most inpa-

tients - and (iii) specific processes - which include specific processes for each patient, 

based on their needs. 

This study covered the specific processes, represented by the flow of X-ray Examina-

tion, which exemplifies this process, from the request to the patient's final accommo-

dation. 

A current VSM was done about the X-ray Examination, as shows in Figure 1, the VSM 

begins with the order of order of the X-ray arriving at the medical clinic, from that the 

responsible nurse identifies the patient who will go for the exam, the bed where he is 

and so, calls the stretch bearer for transport. When he arrives, he goes to the responsible 

nurse who delivers the order orders and sends him to the first patient's room to do the 

exam. 

Thus, the activity of preparing the patient begins, which consists of taking him out 

of bed and placing him in a wheelchair. It is important to note that this flow was limited 

to patients who need this assistance, which represents a large part of the interns of the 

medical clinic. Then, stretch bearer directs the patient to the X-ray room, located on the 

first floor, passing through the hospital's access ramps. 

Upon arriving at the room, the stretch bearer delivers the order to the X-ray em-

ployee, who begins to set up the machine and the patient for the exam. The stretch 

bearer waits in the waiting room and, when the exam is over, he returns with the patient 

to his room and begins the process with the next patient in line, considering that the 

exam orders are usually sent together to the medical clinic. 

Based on this, the application focused on the specific activity of seeking the next 

patient, who has 40 minutes of non-added value and 28 minutes of added value, due to 

the long waiting time, that is, non-added value, surpassing the added value of the activ-

ity in 12 minutes and all other non-added values of the activities that comprise the pro-

cess. 
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Fig. 1. VSM of the X-ray Examination process. 

4.2 Waste And Lean Proposal 

From the traced VSM and the daily observations made during the three-month period 

in the hospital, with a daily demand of 20 patients a day in this process, it was possible 

to raise the occurrences of non-added value in the fetching the next patient activity. 

Thus, the wait for the stretch bearer proved to be the most expressive, and almost unique 

occurrence, only coexisting with 16% of the times that the wait came from the nurse's 

specification, as shown in the Pareto Graph in Figure 2. 

 

Fig. 2. Pareto diagram for the occurrences of waiting for fetching the next patient 

So, the 5 whys tool was used in this first occurrence, to find its root cause, as shows 

in Table 1. Therefore, it was identified that the root cause of patients' waiting is due to 

the fact that the stretch bearer only fetches the next one when the exam is over. This 
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happens because he delivers the patient to the X-ray employee and waits for the exam 

to finish, however from the moment of delivery, the patient becomes the employee's 

responsibility, leaving the stretch bearer idle for the duration of the X-ray. 

Table 1. 5 whys for waiting for the stretch bearer 

N Why Because 

1 Why is the patient waiting for the stretch bearer? Because the stretch bearer is absent. 

2 Why is the stretch bearer absent? Because he's in the x-ray room. 

3 Why is the stretch bearer in the x-ray room? Because he still hasn't come back 

from the previous trip. 

4 Why didn't he come back from the previous trip? Because he is waiting for the exam to 

end. 

5 Why is he waiting for the exam to end? Because he only fetches the next 

patient when the exam is over. 

 

Thus, the stretch bearer is idle in the waiting room of the examination and the patient 

already identified by the nurse is waiting for the stretch bearer to pick him up, however 

he only arrives after the examination and travel back to the medical clinic. 

Given its nature, the proposal is a new flow, specifically for the X-ray, in which the 

activity of fetching the next patient is placed in parallel with the activity of X-ray exam, 

so that, while the X-ray examination happens, the stretch bearer goes to the medical 

clinic and fetches the next patient, avoiding idleness and reducing their waiting time. 

Figure 3 presents the necessary actions to fully achieve this proposal, following the 

parameters of the action plan of the Lean Institute Brasil. 

 

Fig. 3. Action plan and effects for fetching the next patient. 

4.3 Results 

These are the results related to the activity of fetching the next patient. Figure 4 shows 

the values obtained for this activity and the impact they had in relation to the time orig-

inally collected and the post-application, as well as the number of occurrences of the 

root cause. 
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Fig. 4. Results obtained with the fetching the next patient 

It is clear that the total time from 68 minutes to 20 minutes, this was mainly due to 

the decrease in the non-aggregated value from 40 minutes to 10 minutes, a decrease of 

75%. Due to the activities in parallel, there was also a decrease in the total added value, 

which went from 28 to 10 minutes, causing an equal distribution between added and 

non-added value. In addition, the number of occurrences has decreased by 100%, com-

pletely eliminating the identified waste. 

5 Conclusion 

With this study, it is possible to recognize the positive results that a systemic application 

leads to waste in the process activities of a hospital's medical clinic, especially when it 

comes to Lean. 

Regarding the objective of the study, it was possible to achieve it, since a systematic 

application of Lean Healthcare was proposed in the activity of looking for the next 

patient in the X-ray examination process. 

In addition, the specific objectives were also fulfilled, considering that it was possi-

ble to survey the current status of the X-ray examination in patients in the medical clinic 

wing, through observations made in the day-to-day of the hospital and, mainly, with the 

use of VSM to establish the activity with the greatest amount of non-added value, in 

addition to pointing out other activities that have high waiting times, generating the 

possibility of applying the systematic again. 

From the identification of the root cause and the establishment of what type of Lean 

waste was present in the activity, it was also possible to propose an adequate tool, im-

proving the flow of patients in the process, reducing waiting time, without generating 

any cost for the hospital. 

Furthermore, the proposed application obtained positive results from the Lean per-

spective, that is, it resulted in a reduction in wasted time, focused on the non-aggregated 

values of the studied activity. Since these results are promising, using a combination of 

adequate and systematized Lean Healthcare tools, it is possible to expand the applica-

tion into more activities to establish the proposed systematic. 

In addition, the present study contributes to the Lean Healthcare literature, as it fo-

cuses on a hospital ward that is not explored in other applications, that is, in the medical 

clinic. In addition, the application systematic is a novelty in the literature, as it is fully 

structured and has practical results, which can be replicated. 

Finally, for future research, it is recommended to repeat the application, in order to 

systematize this proposal, in other medical clinic processes, replicating step by step 
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what was built, to obtain positive results, from a Lean point of view, and thus, validate 

the fully systematic in the medical clinic. 
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