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Abstract—The purpose of this paper isto demonstrate that Lean principles and methodology should be applied on aregular basisto
the entire process flow of healthcare delivery systems. With reference to an actual case-based research, this article demonstrates how
patient flows can be successfully optimized if Lean is not limited to single processes/contexts only, and it is applied to achieve holistic
process improvement of an entire system. The complexity of healthcare delivery systems requires inclusive investigation from various
points of view. Thisiswhy case-study-based research has been used to investigate dynamic, experiential and complex processes and
areas, such as the ones featured by this article. The methodological basis for this research has been a twelve-step optimization
approach outlined by the authors during a previous successful Lean programme. This same approach has been applied to optimize
patient flows in the emergency departments of four different hospitalsin Northern Italy. The research has involved teams composed
of medical, nursing, technical and administrative staff. The results outlined in the article suggest that inclusive application of Lean
tools leads to effective process optimization and a better working environment, when in connection with a systematic and holistic
optimization approach. Feedback from participants was obtained through a satisfaction survey and a project assessment; it reported
enthusiastic project acceptance and good teamwork climate. Among the results of the research performed in the four hospitals,
several measures have been effectively implemented to reduce the lead-time for patients from registration to discharge. At the same
time, patient-staff ratio and quality of care have been either maintained or even improved. However, lack of a definite conclusive
evaluation can be explained by the research project still being implemented. The value of this paper liesin demonstrating how L ean
contributes to achieve better process performance and high staff satisfaction, when implemented within the whole supply chain of a
healthcare ddlivery system on aregular basis.

Keywords— Healthcare; healthcare delivery process; L ean; emergency department; patient flow improvement.

achieve long-lasting substantial results. To eliminate the
I. INTRODUCTION main causes that make healthcare costs increase, process

In the last few decades, many healthcare organizationéneﬁICIenCy n.eeds to ,be measur_ed, an_d, consequen.tly,
reduced by implementing corrective actions — all this

worldwide have been requested to do more with less’= Lk
resources. The overwhelming question has then become‘.’v'thOUt considering factors that cannot be controlled, e.g.

could this be achieved without reducing both quality and the age of p(_)p_ulation. Some _inef'ficiencies qre likely to be
quantity of services delivered to patients? Lean [1] hascaused by clinical or by medical processes; others can be

answered successfully, proving to be effective in connected to administrative, logistics, and operational

overcoming such critical performance gap. activities.

In Italy, healthcare heavily affects public budgets, due to In _th_is scenario, continuous improvement lies at the heart
its significant costs, and reducing “muda’ (waste) can of Clinical Governance — the new healthcare management

generate substantial savings. However, very often so far,SyStem mtroduced in the UK. at th_e end .Of the 1990s, and
Lean has been used to focus only on isolated processes arLHe core project system ground Wh'Ch Italian he?'thcat‘e, has
projects. On the contrary, this paper, in line with recent €N redesigned. The aim of a virtuously applied Clinical

research [2], vouches for the need of Lean principles to peGovernance is to grant each patient the best healthcare

applied to entire complex systems as an integrated holisticService, with the least amount of wasted resources, and with

approach (already applied by the authors in [3]) in order tOthe utmost patient satisfaction. Features of the ideal
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healthcare system are indeed safety, efficacy, patient-value and avoiding — wherever possible — all non-value-
centeredness, timeliness, efficiency, and equity. Suchadding activities [14].
improvement of healthcare quality needs a structured The successful application of Lean, Six Sigma, and TRIZ
approach to be obtained, and a development model involving[15]-[16], the problem solving method based on logic and
patients, practitioners and the entire system as stakeholders.data to accelerate the project team’'s ability to solve
If the entire healthcare supply chain was trained in Lean problems creatively, to industry processes has been extended
principles, it could benefit both from a shared language andto service industry, public administration, transport systems,
from a common organizational framework of reference. as well as airport terminal systems [17]. Moreover, they are
Based on on-site research in Italian hospitals and on recenincreasingly used in hospitals as in [18]-[20], due to the
case studies on Lean Six Sigma [4] interventions in severalneed for flexible methodologies to optimize healthcare
healthcare contexts (e.g. [5]-[8]), this paper aims to systems and to improve process flow [21] by devising
demonstrate how Lean can be an effective instrument toeffective measurement plans [22]. These latter studies
improve the performance of healthcare delivery processes. focused on creating patient-oriented and efficient healthcare
This paper presents a case study carried out using Learservices.
principles to redesign the service delivery processes of the First developed as a production philosophy [23] and
emergency departments in four Italian hospitals. The noveltyquality system, Lean has been successfully applied in the
of this paper lies in vouching for a holistic Lean approach on service industry, and introduced to healthcare delivery
healthcare processes. Case study was considered the mosystems. This because the development of Lean involved a
appropriate applied research methodology to demonstrateshift towards both customer value and waste reduction,
how Lean principles, when implemented into the entire including human behavioural aspects in close connection
system, contribute to increase patient satisfaction, quality ofwith its original operational features. In the last decade,
care, working conditions for employees, and to lower the some avant-garde hospitals in the United States, Australia,
costs of the healthcare system. and Europe have begun to optimize their processes by
The lessons learned from this case study highlight theapplying Lean [24] and Six Sigma to handle growing
positive impact of applied Lean methodology — its problems in hospital management as in [25]-[28]. Indeed,
effectiveness on hospital system management and on procegbe interest in operations research applied to healthcare
optimization. keeps being on top of the agenda [29], as well as most recent
The structure of this paper is as follows. Section 1 developments and application of continuous improvement
presents the literature review on Lean and the researcH30]. Many case studies show a significant improvement in
objectives of this paper. Section 2 outlines core ideas andquality and efficiency through the introduction of Lean.
principles of Clinical Governance and Lean relevant to this Sanders and Karr [31] demonstrated how the quantitative
study. Furthermore, this Section describes the researctpower of Six Sigma and the speed of Lean can work together
methodology used in this work. Section 3 describes theto improve the blood sampling process for a 1,000-bed
results of this study based on a case study in an emergenciertiary care teaching hospital. Lean helped to decrease the
department. After a first definition and analysis of patient number of vials used for testing up to a 50 per cent, and to
families a twelve-step approach is shown to optimize decrease the time needed for the complete blood count up to
delivery processes of emergency departments in Healthcarea 30 per cent. Abdelhadi [32] applied on a case study the
The authors describe seven already implemented steps in theoncept of takt time as a measure to compare the efficiency
cases study project. Results are described, and theof two emergency departments, in order to assess service
implications and limits of the research are discussed. Finally,quality. Studies show that Lean is applicable to large, small
Section 4 provides conclusions and an outlook for further and medium hospitals, and size is not relevant as to the
research. amount of potential advantages gained [33]. Furthermore,
, , . according to [34], Lean seems to have a positive influence
A. Literature review and research objectives on employee satisfaction and on the reduction of
Lean can be defined as “an integrated operational andabsenteeism.
sociotechnical approach of a value system, whose main While it is encouraging that the ideas of Lean have been
objectives are to maximize value and thus eliminate waste,enjoying increasing interest in healthcare studies as well
by creating cumulative capabilities” [9]. In 1990, James P. [35], lessons learned from the approaches reported in the
Womack, Daniel T. Jones and Daniel Roos, researchers aliterature so far have exploited a very limited amount of its
the Massachusetts Institute of Technology, presented theactual achievable potential [36]. Indeed, Brandao de Souza
results of a study in which they worked out the basic [37] analysed over 90 publications from 2002 onwards
principles of Toyota's leading production system in terms of referring to the use of Lean in healthcare. Reference [38]
efficiency and quality [10]. They published the results of analyzed 177 articles on Six Sigma and Lean published
their study under the term “Lean manufacturing” and “Lean between 2000 and 2008: 70% were related to Six Sigma,
production” [11]. Several researchers like as in [12] and in 23% to Lean, and 7% only to both. Moreover, the literature
[13] developed also concepts and approaches to assess theview shows that those healthcare organisations
success and sustainability of Kaizen events. Due to theimplementing Lean mainly use only narrow-defined limited
success of the approach in industrial production, methodspilot projects and simple methods and tools. Reference [39]
and ways of thinking were successively transferred to otheranalyzed how Lean has been implemented in English
areas (among others maintenance, R&D, managementhospitals. According to their findings, Lean implementation
construction). Essentially, Lean means creating customertends to be isolated rather than applied on the entire system.
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Dissemination strategies are important for a sustainable - H4: Lean should be implemented holistically in
success. Reference [40] shows one possible approach for hospital structures and not just inside pilot projects.
dissemination in multiple healthcare organisations: forming Working on these hypotheses, this paper will disclose
clear visions and objectives; piloting; training potential how most promising the combination of Lean and Six Sigma
adopters; and formal dissemination. In her survey of 223is in the context of healthcare delivery processes [51], and
hospitals in New England, [41] investigated the relationship within the assessment of system quality management in a
between Lean implementation and organizational culture.hospital.
According to her results, group culture and management
support are highly important. Thus, she suggested that Il. MATERIAL AND METHOD
hospital managers implementing a Lean Six Sigma initiative .
would be well served to use an approach and strategies thef L€an and Clinical Governance
are consistent with group and developmental cultures. Clinical Governance and Lean were applied to
Furthermore, in their systematic literature review, Crema successfully optimize patient flows; this same topic has been
and Verbano [42] showed that Lean has often been used foelso studied by the authors in a previous study [52]. The aim
cost-cutting, while having a significant impact on risk was the holistic optimization; results were obtained through
management in healthcare. Therefore, their suggestion is t@ase-study based research on clusters of different projects
develop integrated methodologies that include both Lean anddeveloped inside the hospitals involved.
risk management tools and practices. In support of this, in A study of the Juran Institute highlighted how 30% of
their review of seven literature reviews, [43] shows how healthcare related costs in the U.S. were connected to poor
Lean and Six Sigma management techniques have beequality. Ideally, thinking in terms of Clinical Governance,
implemented in acute care settings identifying that they havethe so-called 4Es (Efficiency, Economy, Effectiveness,
a positive impact, especially where processes involve aEfficacy) rule the organization through sharing and
linear sequence of events. standardizing best practices. Therefore, Clinical Governance
However, the application of Lean and Six Sigma in needs a strong commitment at all levels, which means
healthcare has often led to resistance, mainly due to theworking to:
objection that these concepts tend to disregard healthcare + reach out for and understand patients’ expectations;
unique sociotechnical aspects [44], intended as the * develop and maintain a management system

interaction between human behaviour and technical elements capable of satisfying patients’ needs in a reliable,

[45]. Moreover, some studies have found out a tendency to repeatable, and cost-effective way;

focus mostly on positive results only, when debating e design services which mirror customers’ (i.e.

applications of Lean and Six Sigma [46]. According to [2], patients’) needs;

evidence about its contribution to higher organisational » provide services mirroring what they have been

performance remains inconsistent. It must be said, though, designed for;

that very few studies concentrate on negative outcomes of < verify that services have the requested features

applied Lear{47]. However, despite a tendency in literature before they are provided;

reviews [48], and in line with research on positive perception + prevent the delivery of services which are

of applied Lean principles within healthcare systems [49], potentially dissatisfactory for patients;

this paper aims to demonstrate that Lean principles, when <« isolate and eliminate unnecessary features of

applied to optimize patient flows, not only improve patient services to be provided,;

flows, but they also increase patient satisfaction and safety. e« find more cost-effective operational solutions while

Through methodological and practical reference to a keeping the standard of the required quality;

hospital-based case study, it will discuss how implementing, * make operational activities more efficient and

and making them sustainable, Lean and Six Sigma principles effective;

[50] serve as effective holistic optimization of the hospital * isolate, and implement, those features of services to

system. be delivered that induce patients’ utmost
Therefore, the research question of this study can be satisfaction.

summarized as follows: How can Lean and Six Sigma help Such mandatory goals are attainable by applying Lean to
to improve performance, patient satisfaction and staff integrate the aims of Clinical Governance and those of
satisfaction by applying these methods systematically andcontinuous improvement. This because they share the
holistically in healthcare operations? efficacy-oriented goals applied to good clinical practice,
To answer this research question, the following theorieserror prevention, the optimization of available resources, and
and hypotheses are to be studied and examined in this casaot only. Moreover, Lean could provide the necessary tools
study research: to reach the objectives described in the pillars of the Clinical
- H1: Staff satisfaction can be sustainably improved Governance, as shown in Table 1 below.
by involving people and interdisciplinary teams in This tight connection of Lean Six Sigma (LSS) and
Lean projects. Clinical Governance justifies the success of such
- H2: A Lean approach increases customer value and,methodologies, which are no longer restricted to industrial
therefore, patient satisfaction. processes; rather, they are applied as everyday tool for
- H3: Lead-time from registration to discharge can be continuous improvement of all processes. Specifically, Lean
minimized by applying Lean principles. has been applied most consistently to [19]:
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¢ reduce Waiting times and delays (direCtly linked to 1. Lean Hespital Vision, Strategy and Masterplan [28]
process fau|ts); + Axiomatic Design based development of a Lean Hospital Vision and Strategy

. increase hospital Capacity and performance (COStS, + Elaboration of a Lean Hospital Masterplan with a detailed project plan

quality and timeliness of medical aid);
» reduce hospital stay time for intensive care patients;
* reduce errors connected to the document flow \ } \ } \ /

Emergency  Medicine Orthopedic

(hospitalization, suppliers’ billing, etc.);
» reduce preparation time for medication and surgery; '-'
» increase overall patient satisfaction. . 2. Lean Hospital Leadership
+ Training of responsible and team leaders (train the trainer)
TABLE | * Project marketing (presentations in the four case study hospitals)

EXAMPLES OFWASTE IN THE HEALTHCARE SYSTEM » Communication through hospital intern newspaper/magazine

"

Waste Categories Example — -
Overusage « Excessive hospitalization 3. Training Workshops in Lean Management
. + Theoretical training of all invelved persons in Lean Management
* Unneeded_ treatments_(_they er_]tall * Practical exercises in the use of Lean tools
expense, without benefiting patients) + Tirst “sketch” of patient families based on professional experience
Underusage tack of adequate timely treatment ‘-,

« Failure to satisfy medication
. 4. Current State and Data Analysis
demand (vaccmes, tests, etc.) + Definition of patient families

« Cutting post-operative treatments + Analysis of patient flows (value stream mapping method)

Misusage « Patients put on wrong medications » Data analysis of waiting times and bottlenccks

« Wrong diagnoses

* Wrong use of machines -

« Wrong post-operative treatments Analicai % Pt State Mapping
= Application ol T.zan lools

'

Waste  Operational bureaucracy » Reorganization of processes

« Batch Working (extending lead time) + Optimization of processes through Kaizen activities
« “Re-", “double” (doing things twice, e.g.
rework, double-check, etc.)

‘

6. Implementation and Monitoring

« Scheduling of measures
Previous experience in applying Lean to healthcare has ;ﬂfé;ﬁﬁ?ﬁ’ﬂiiﬁlmﬂ
highlighted how the most significant and successful -
improvements in healthcare services have been attained b
extending the application of the methodology to all
processes and to all inefficiencies detectable within the  ayiomatic Design was used as theoretical and
service supply chain. » __methodological ground applied to the research, which
High costs and scarce efficiency of the healthcare serviceregited in a complete Masterplan outlined, with a detailed
are no longer tolerated, both by practitioners and by patientsyogramme and project plan. The Axiomatic Design
Indeed, hospital managers are constantly working to reduce;pnroach used in this phase is described in [28]. The project
waste and hospital costs. Lean is a tool to support dailyp|an is long-term oriented and includes several subsequent
practices of continuous improvement, balancing patient carec|ysters of projects carried out in parallel in the four selected
and scrupulous delivery of services to ensure their efficacy. pogpitals of this case study. Every cluster of projects focused
The case study under scrutiny in this paper allows 10 g gne specific patient flow. The first cluster started a couple
better understand the contribution that Lean methodologiesy¢ years ago as a pilot project, and, so far, it has concentrated
can offer to the Italian healthcare system, and how they caryn"the redesign of the emergency department according to
be applied to everyday hospital practice at large. Lean principlesAlso reference [35] adopted pilot research
B. Research methodology in the case study in orde_r to test and optimize the Lean approach, before
. , . expanding it to other departmeni®ther clusters should
Case study research using a single case study iS,jenqd the Lean programme to the medicine department, the
particularly useful when a subject requires comprehensweorthop{j‘ediC department as well as surgery and other patient
investigation from multiple perspectives [53]. Single case q,us. The emergency department has been chosen by the
study research in healthcare was adopted also by Othehospital management due to actual problems with long lead
researcher [35], [54], [55]. and waiting times, as well as bottlenecks in staff capacity.

The case study reported in this article is taken from the 1o gequence of other clusters was defined based on the
authors’ experience in a Lean programme, the aim of which i ities of the hospital management

was to develop a Lean-based holistic approach to achieve |, 5 second project phase, people from the hospital

eﬁeqtive an(_:i long-lasting optimization strgtegies to be management, as well as the appointed team leaders, were
app:!eg to d|verr]se hﬁa(ljth::are_pr(r)](_:esses. Fig. 1 shows thgained in Lean principles. In line with what [35] suggests,
applied research methodology in this Lean initiative. an effort was made to communicate Lean practice principles
_The programme initiative, called “Lean Hospital” started , yecision makers. The project was communicated through
W'th the d_ef|n|t|on of a Iong_—term vision and strategy for presentations to the emergency department staff of the
implementing the Lean Hospital programme. hospital. Furthermore, communication of the project was
also provided through the hospital magazine. This to avoid

scepticism to spread among the teams, and to answer

gig. 1 Research methodology applied to the case study analysed in this
rticle
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guestions regarding the objectives and the plannedthe project teams. When grouping incoming cases, all
implementation. patients belonging to a particular patient family could go
In a third phase, the project teams of the four hospitalsthrough similar processing steps. The workshop showed that
were invited to a series of training workshops. These all project groups had clear ideas on how to categorize their
workshops were helpful to transfer Lean theoretical patients. The experience of the case study showed that
knowledge and to give participants the chance to exercisepatient families can be classified according to the two
the main Lean tools, like Value Stream Mapping, and not criteria “pathology” and “severity index” inside an
only. In addition, these workshops served to the teams toemergency department (paediatric cases are treated
elaborate their first proposals of possible patient families, separately). The currently used Italian Triage severity index
according to their professional experience. differentiates between four classes of severity: red (life-
In the fourth phase, each project team analysed the patienthreatening); yellow (impairment of important life
flows of their hospital using Value Stream Mapping, and functions); green (minor injuries or non-life-threatening
further workshops for the analysis of the seven types ofdiseases); white (no urgency; should be treated by the
waste were organized. Moreover, using existing data fromgeneral practitioner). Actually, red and yellow cases make
the information systems, additional data analysis could beup to 12% of the presenting patients. Within the criterion
conducted. “pathology”, a second classification was considered useful
Based on the analysis results of phase four, the fifth phaseaccording to “trauma” and “non-trauma” patients.
was used to define the future state of processes and For every patient family, the current-state flow was
structures. Therefore, processes were reorganized, Leamapped (see example in Figure 2). Based on this current-
tools applied, and processes optimized. state patient flow, the target-oriented development of an
In the sixth phase, the project team defined an optimized future-state patient flow was started. Twelve
implementation roadmap with a list of measures to be takengenerally applicable steps have been defined to optimize
to achieve the projected future state. Usually, this phasepatient flows in hospitals: some of them were selected to be
needs a close collaboration with the hospital management, irapplied to this case study, as extensively outlined below.
order to define the prioritization of measures based on their
duration, their costs and their qualitative as well as /AX7™
guantitative improvements. Eventually, monitoring should ““gm
be implemented to control the status of implementation. Up
to date, no final monitoring of the results has been wigy

reatmen imaging \' arreview ENECSTCTININ treatment

implemented, since several measures are currently being I
implemented, and the digital tracking of relevant data needs 62mn  dsmmn  tbmmn tbsomin
to be clarified with the IT Department of the hospitals. e T s
So far, observations have been carried out following the Fig. 2 Example of a patient flow in an emergency department

Lean training of the teams. It was asked how satisfied

participants were with the training, and whether they would o

recommend the training. The results were indeed quiteB. Optimization steps

positive. 90% of the participants were satisfied or very  Despite initial scepticism, the whole project team showed
satisfied, and nearly 100% have recommended theirhigh commitment, being actively involved in workshops and

colleagues to participate to the Lean Hospital Initiative. working groups meetings. All team members were
The optimization steps, which resulted as the outcome ofconvinced of the performance and the benefits of Lean
the programme, are reported in Section 3. methods and tools, through its practical application when
preparing positive proposals for improvement during

I1l. RESULTS ANDDISCUSSION working group meetings.

u ., o Among those, a twelve-step approach (originally adapted
A. The_ Emergency Department” case study: definition of [18]) used during a previously applied Lean programme,
patient families was applied in this case study as well.
Participants were assigned to teams according to an The twelve-step approach has been arranged as follows:

interdisciplinary criterion. The typical team consisted of the 1. Determine the required output rate (takt time) as an
following medical and nursing staff: 1 chief physician or indication to determine the pace for every station in
head of the emergency department, 1 nursing coordinator, 1 the process.

senior doctor, 1 nurse, 1 radiographer, 1 laboratory 2. Create a continuous flow, balancing the station
technician, 1 administrative person, and 1 quality manager. cycle times to the pace of incoming patients (takt
The research began with training the project team in Lean time).

principles. They had never been involved in Lean projects 3. Implement visual control, and a fast intervention
before; therefore, an initial training workshop helped to strategy to solve unplanned problems.

understand Lean theory as well as the single Lean tools used 4. Introduce a workload optimized scheduling.

in healthcare. Suitable “patient families” were defined as the 5. Reduce “set-up times” (preparation of rooms,
first step of the research. First ideas of possible patient instruments etc.).

families were collected in the initial training workshops. 6. Ensure an uninterrupted supply of defect-free input
However, the final definition of patient families was based material by an initial quality check prior to process
on data analysis that either confirmed or rejected the idea of start.
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7. Use suitable standards and devices to prevent errorssingle cycle times, and to (b) balance them to the takt time.
throughout the single processes in the patient flow. One of these work packages, for example, had the objective
8. Do not advance errors to the next station, or to theto reduce cycle times and improve reliability in the triage

subsequent patient flow. station. Reliability means the coincidence of assessment
9. Eliminate or reduce non-value-adding activities. results of different assessors in the triage system. It is useful
10. Enable (medical and nursing) staff to operate more because different human triage assessors will not make their
than one station. judgements the same way. Therefore, a reliable triage system
11. Ensure flexibility to accommodate capacity is given if different assessors make a uniform or similar
increase at lowest cost. judgement. In this case, we focused on consistency of ratings
12. Minimize one-time expenditures by investing between different triage nurses. Reliability is given by
preferably in modular system components. means ofi-statistic: in a random result,equals 0, ak = 1

Due to a prioritization of the activities proposed by the there is an absolute correspondence between?2
teams themselves, only the steps 1-4 and 9-11 have beemeasurements of different triage assessors. The following
implemented so far. The remaining five steps (5-8, 12) haveterminology has been used: poar<0.2), sufficient (0.2 <
been postponed, and are currently subject to optimization.< 0.4), satisfactory (0.4 k < 0.6), good (0.6 < < 0.8), and
Below, the outcomes of the implementation of these steps invery good (0.8 <« < 1) match [56]. The introduction of the
the four emergency departments will be analysed, discussingb-stage Manchester Triage System (MTS) brought an
and — where already quantifiable — evaluating their increase of the reliability factor from previously 0.67 to 0.82,
effectiveness. already after three weeks [27]. The increase in reliability is
based on the introduction of systematic standardized
protocols used in the triage assessment. Through a highly
standardized approach in MTS the value for reliability could

1) Step 1 - Determine the required output rate (takt time)
as an indication to determine the pace for every station in

the_ Pprocess. The f|r_st optimization step _requwed the be increased as described before. It is expected that this
definition of a takt time for the single patient flow. The . . : ; P
gure will continue to rise, while being implemented on a

. S i
analysis of data demonstrated that the patient input Showe(i)roader scale, and to further reduce throughput times,

I|ttle_var|at|on over a year, with some minor peaks, as wel.l increasing the quality and efficiency in the emergency
as little variation over the week with some exceptions; department

however, data showed that it was very irregular over the day.
During a 24-hour emergency service, about 80% of the flow 3) Step 3 - Implement visual control, and a fast
occurs between 8am and 8pm (see Figure 3). Thereforejntervention strategy to solve unplanned problenBased
calculating an average takt time over 24 hours, based on thi®n this optimization step, a “queue management system”
distribution, would not make sense. was developed and implemented. The aim was to create
perceptible transparency, order and process orientation in the
emergency department. Previously, about 40% of patients

80% of accesses between 8 am and 8 pm did not know their classification (severity index) and had

hourly accesses in % of the average trouble finding the right waiting areas and understanding
2509 , Ppatients/hour process sequences. This entailed a negative impact on the
225% h0D: 3,7 h1z: 13,9 perceived quality of care and on patient satisfaction, first,
200% ho2: 2,8 hi14: 17,2 L. . .
17500 hot 21 hie: 15,3 and an additional burden on the medical and nursing staff.

hos: 2,8 his: 13,8 . n ” H

150 105 18,3 hz 11,8 With the new “queue management system”, patients know
100% - ek exactly where to go next, and can have an idea about their
oty waiting time. Patients are guided through the hospital by

25%
0%

visual management using signs and colours on the floor and

EEE55688 ' Y rr walls. Thus, they can find the area they are looking for
T iasas_ without stress, without the need to ask questions and to
Mon - Fri Sat & Sun interfere with professional staff at work. Benchmark

Fig. 3 Access variation to the emergency department over 24 hours  analyses were carried out by the working group in similar
problem situations, such as in airports or in large shopping

Therefore, two blocks of highly different access rates are malls. For example, patients are guided to the right area via
detected: from 8am to 8pm, an average of 221.2 patientdetter-number combination (like airport gates — e.g. Gate
come to the emergency department. In these twelve hours\1). To increase patient safety and to optimize the process,
(=720 min), an average takt time of 3.2 min can be patients receive an identification bracelet. The identification
calculated. From 8pm to 8am, however, the total access isracelet is a strip of plastic that can be worn comfortably on
only 37.2 patients, which leads to an average takt of 19.3the wrist. Information is displayed, based on which each
min. patient can be immediately identified: name and surname,
gender, date of birth, bar code. The latter is individual, and
allows to clearly identify patients by electronic means, e.g.

scanning. The data loaded on the bracelet are checked before

2) Step 2 - Create a continuous flo@ut of the present-
state patient flow, the actual processing times of the single

stations can vary from 2 minutes to 18 minutes. In order to A ) e X
each significant medical examination and/or operation.

create a continuous flow, the cycle times of the single . i ; . h
y 9 uring this “check”, patients are asked again their first and

stations need to be aligned to the average takt time. SeveriJ ¢ d their date of birth. This inf tion is th
measures (work packages) were defined to (a) reduce th ast name, an er date of birth. This information 1S then
compared with the one registered on the bracelet.
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4) Step 4 - Introduce a workload optimized scheduling:
The optimization of the staff workload was designed based auma | Touma | mx | Paster | Paster | Dostor
on data gathered from the access curves (long-term averag oom | rem e
in the four emergency departments involved in the research
Eventually, three different areas of activity were identified:

Ambulance
Gate

Doctor
room

Triage 1

e Annual capacity planning: Based on collected and
evaluated data, yearly access curves, annual
assignments and holiday planning of the medical
nursing staff has been analysed and improved.
Depending on the statistically calculated peak,
suggestions for an optimized workforce scheduling rom | rom | room | room | reom | DoCtr
have been defined.

Observation
room with beds

Waiting
room

Desk
Assistance Desk

Meeting
room

Entrance

Triage 2

Fig. 4 Ideal layout for the emergency department

* Weekly planning of human resources: Based on the )
collected and evaluated distribution of patient access on A space left unused has been redesigned for the
the single weekdays, proposals for an improved Preparation of medicines to improve the safety in the
staffing and scheduling have been developed, with thedistribution of medicines and to increase the efficiency of
aim to provide better coverage for peak times (namely, Preparation. While these were usually prepared on the

Fridays and weekends) during the week. station, a separate medication preparation room is now
) ] equipped with PCs and the latest technology.
e Dalily planning of human resources: Based on the data

collected and evaluated the daily access curve which 6) Step 10 - Enable (medical and nursing) staff to operate
follows the “elephant curve” shown in Figure 2, More than one stationAbout the improved triage system,

optimization measures were defined to be applied onStandards were introduced in close coordination and
personnel planning on a daily basis. Specifically, the cooperation with the medical professionals, according to
precarious situation of the large number of access Which now the nursing staff can order certain lab samples or
points in the late morning gave rise to adjustments of Start some treatment steps pefore the doctor's assessment.
shift models and redeployment of resources. The curve This leads to relieve the _med|cal st{;n‘f of_ some tasks_, and to
showed potential high need of medical and nursing SPeed up the process. With a t_echnlcal time of 45 minutes to
staff in the stressful time of the morning. This potential Process laboratory samples, this measure and the subsequent
improvement was addressed through the employmentiob enrichment for nursing staff allowed considerable time
of more part-time workers. On the one hand, this Savings in the patient lead time. In addition, this also leads to
allows to cover the high peak in the morning; on the greater patient satisfaction, s_aying some waiting time, as the
other hand, it allows employees to balance family and nursing staff makes the decision for laboratory samples in

work, improving employee loyalty of qualified medical a@utonomy without asking doctors. However, this change has
and nursing staff. required the introduction of a reliable and process-safe triage

o ~ system (in this case MTS) and the definition of the
5) Step 9 - Eliminate or reduce non-value adding corresponding protocols.

activities: New layout variants for remodelling the o )

emergency department have been prepared by the project 7) Step 11 - Ensure flexibility to accommodate capacity
teams, to optimizing the layouts of the emergency servicesincrements at lowest cost: Tazhieve a better adaptation to

The proposals were met with broad approval and supportthe actual capacity requirements, the shift models of the
both by the medical and by the nursing staff. These newmedical and nursing staff were made more flexible, and the
layouts allow a more efficient use of staff capacities, by capacity exchange between different medical stations was
shortening the distance between subsequent stationsimproved. Most patients in the emergency department have
Moreover, mixing elective and acute patient flows is Peen admitted to the department of medicine. Through
avoided, with subsequently increased satisfaction of bothWorkshops with the medicine department and the emergency
patients and staff. The workgroup oriented itself towards andepartment, and the comparison of the utilization diagrams
elaborated ideal layout for the emergency department,0f the emergency and medicine, the capacity utilization

ensuring both optimal patient care as well as a reduction inbetween those could be optimized and synchronized. By
the flow of people and materials (see Figure 4). means of a different scheduling of the documentation time of

. . . , . doctors, a sort of a stand-by service for bottleneck situations
In this ideal layout, patients are immediately guided to a :
could be achieved at the emergency department.

desk for registration. From there, they are guided through a
quick triage, to a waiting room to await the treatment. C. Results
Examination and Treatment rooms are located c lose to the As

i " this red dist d all the staff t previously outlined, the project and the
waiting room. this reduces distances and aflows the sta Oimplementation of the outlined activities are still ongoing.

handle several patients simultang_ously. For serious cases, th?herefore intermediate results only can be reported so far;
emergency trauma room is positioned close to the entranc et they ,are most encouraging. What follows is the,

area, or near.the access road and the elevator to th, iscussion of the results to the research hypotheses
helicopter landing area. Further away there are doctors formulated in Section 2

offices for consultation and research, as well as for
documentation work.
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1) Staff satisfaction can be sustainably improved by Lean initiative from emergency departments to the following
involving people and interdisciplinary teams in Lean wards: medicine, surgery and trauma. In a long-term
projects: A satisfaction survey conducted among all masterplan, the initiative should be extended to all
involved project participants showed that 90% of the departments in the hospitals as well as in smaller affiliated
participants were either completely satisfied, or very clinics. In addition, the results from the Lean initiative were
satisfied, with the initiative; almost 100% recommended integrated also in several top-level projects regarding the
their colleagues to participate in the Lean Hospital Initiative expansion of the hospital structure and of the emergency
[28]. In addition, a subjective project assessment based on a@epartment. The design of a leaner patient flow and thus a
more detailed feedback of each individual participant work facilitation for employees and a facilitated orientation
showed a high degree of acceptance of the Lean initiativefor patients and visitors can be achieved. For this purpose,
and its related methods, despite initial scepticism of aproposals from the Lean initiative are considered in the
significant part of the team members, especially among theconstruction project, and participants from the Lean groups
medical staff. are included in the meetings.

2) A Lean approach increases customer value and, as a Summarizing positive and negative implications of such a
consequence, patient satisfactioniThe hospital structure  holistic Lean initiative in hospitals leads to the following list

carries out patient satisfaction surveys at regular intervals.of positive implications: -
Through these surveys, on the one hand, a positive or * the definition of patient families leads to a better

negative trend is identified and, at the same time, “hot-spot” understanding of the needs of different patients;
topics with particular interest for the patient can be detected. * the application of Lean methods requires a reliable
In the last satisfaction survey conducted before the Lean triage system, which in turn leads to higher patient
initiative, a negative trend in the patient satisfaction was safety; . . o
noted. Particularly, the long waiting times for a medical ~ * higher staff satisfaction due to their direct involvement
consultation, long lead times in the emergency department, in the design of their work environment; .
as well as insufficient time available for the nurses and ~ * higher patient satisfaction due to a reduction of
doctors were complained. Since then, the Lean team has ~ Waiting and lead times and more time for direct
already implemented improvements to reduce the lead time, contact with nursing and medical staff,
as well as to support the nursing and medical staff, which ~ * V|sua_l management faC|I_|tates patient orientation in the
have led already to a better care for the patient. However, the hospital, and leads to increased well-being and less
next patient satisfaction measurement is still pending, so that interruptions for the nursing and medical staff,
quantitative data is currently not available « through in-depth data analysis within the apphcatlon
of the Lean, resources and personnel capacities can be
3) Lead-time from registration to discharge can be planned more efficiently, thus helping to reduce costs;
minimized by applying Lean principles:ior emergency « through a redesign of the layout and material or
departments, the lead-time for patients from registration to patient flows, non-value adding activities can be
discharge (to a medical ward, to the medical assessment unit, reduced and space can be better used;
or home) can be considered one of the most significant < transfer processes between different departments can
performance indicators. This is especially true in the largest be better coordinated and synchronized;
of the four emergency departments, where the team could . 3 qualification of nursing staff combined with the
identify measures with a potential for reducing the actual introduction of standard protocols helps to avoid
average lead-time from 3.5 hours to 1.5 hours. bottlenecks in the process and therefore reduces the
Unfortunately, some of the proposed measures still need lead-time.

final approval by the hospital management, which ultimately  However, some negative or risky implications need also
often depends on internal policy. However, the measurestg pe taken into account: initially, Lean is seen by many as
implemented so far have already showed to be veryan industrial method for cost-cutting — thus significant time
effective, and the average lead-time could be reduced byis needed for initial training, and to achieve the commitment
17%. As per cost reduction, first effects of a better resourcepf g|| the stakeholders: scepticism of single team members
planning could be already measured. As previously outlined,may also negatively affect the motivation of all the other
the precarious situation of the large number of access point§eam members; visual and concrete partial results need to be
in the late morning gave rise to adjustment of shift models achieved relatively quickly to persuade sceptics; it requires
and redeployment of resources, which already showsthe full commitment of the hospital management to initiate a
positive effects. Moreover, the patient satisfaction perceivedchange management process.

by medical and nursing staff has been improved. However, The above-mentioned negative or risky implications can
scientific evidence from an actualized patient satisfaction pe reduced or, hopefully, avoided by a good project

survey is still missing management and an accurate information campaign at the

4) Lean ought to be implemented holistically in hospital P€ginning of a Lean initiative to limit their risk.
structures and not just inside pilot projectEventually, the
teams presented the intermediate project results to the IV. CONCLUSIONS
managerial board and organized a “roadshow” of Due to its success, Lean is no longer limited to the
presentations to many colleagues from other hospital areasmanufacturing industry, but has been widely implemented
The encouraging intermediate results and the positivewithin service industry and even public administration.
reaction from other colleagues led to an extension of the
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Considering the growing need for patient-oriented and Indeed, the programme is still ongoing; it started with a pilot
efficient health services, Lean has found its way also into project in the emergency departments, which are subject to
hospitals. However, literature review shows that healthcarethis paper, and has now been extended to medical wards,
organisations implement Lean mainly for narrow defined surgery and trauma.

pilot projects, limited to simple methods and tools. This holistic view is part of a comprehensive strategy to

Thus, this research aimed to debate how to optimizesuccessfully implement Lean principles in healthcare
patient flows in hospitals in a holistic and systematic way. delivery systems. To avoid sub-optimization of narrowly
The research question has then been addressed by discussidglimited processes and pseudo-innovation [57], the
the case study of a Lean program carried out in four Northapproach presented in this paper allows to keep quality
Italian hospitals. To overcome the limitations of the Lean improvement processes sustainable, continuous, and
experiences reported in literature, an approach for a holisticachieving long-term effective results. Indeed, as seen in its
redesign of the service delivery process in the hospital wasapplication to healthcare delivery, Lean may be applied
chosen based on a comprehensive case study analysis. initially to the process(es) of a single ward; yet, eventually it

The research methodology applied in this research isneeds to be expanded to a more complex environment, such
based on six phases, ranging from a Lean strategyas, for example, a ward and a wider overview of patient
leadership awareness, Lean training, current state analysis tllow(s) to achieve its full optimization potential.
the definition of the future state and implementation. After The application of the Lean methodology described
having defined suitable patient families with similar process within this case study has different limitations, which must
characteristics, the previously trained Lean teams analyzede taken into account when the results are transferred: (a)
and optimized the patient flows, elaborating a set of concretenumber of case studies, (b) evaluation of the case study and
measures. For the redesign of patient flows in the (c) geographic limitation of the case study. Findings
implementation phase, a twelve-step Lean approach wasbtained from the consideration of only one case study (a)
developed. According to a prioritization of these twelve are not easily transferable to other circumstances. In
steps, the following were successfully implemented, while addition, the development of the methodology as well as the
others have been postponed. The analysis of takt timeimplementation and evaluation of the case study were
resulted in two main blocks with different access rates in thecarried out by the same research team (b). Therefore, the
emergency department. This information was important to described methodology is to be used and analyzed in other
redefine the needed amount of resources in this time periodscase studies. For further discussion of the approach, it is
The introduction of the MTS triage system allowed the important to record a larger set of results. This also applies
teams to reduce cycle times and therefore to support ao the specific background of the four North Italian hospitals
continuous patient flow. The introduction of a queue involved in the case study and their employees (c). Further
management system and visual management increasetests of the systematic approach of the transfer of knowledge
patient satisfaction and reduces the effort of the staff toneed to be performed in different areas of the country;
guide the patients. Workload optimized scheduling allowed indeed, it is not unlikely that there are significant regional
an improved capacity utilization of available staff. Non- differences that influence the successful application of Lean
value-adding activities could be reduced thanks to newin healthcare delivery processes.
layout variants to remodel the emergency department. Job In conclusion, it is not negligible in the future research
enrichment of nursing personnel led to a relief of medical also the role of loT-driven healthcare applications [58] by
staff. Moreover, access was granted to more flexible shift means of innovative and high technology-based solutions.
models, and capacity exchange between different medical
stations was improved.

All this contributed to speed up the processes, maximizing[l]
value and eliminating waste in the management of patient
flows. With regards to performance indicators, measurable
improvements can be reported in a reduction of patient lead?!
times by 17%. Furthermore, the results from case study
research allowed to confirm the previously defined [3]
hypothesis and, thus, to answer the research questions.
Therefore, evidence from the research led to conclude that:
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