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Abstract
Purpose  Healthcare organizations using Lean Management have the potential to decrease the number of errors, reduce wait 
time and increase productivity. The aim of this review is to assess the literature with regard to the use and efficacy of Lean 
thinking and Lean methodologies within a Department of Nuclear Medicine.
Methods  Several health departments have adopted lean thinking as a consistent approach to quality improvement. We con-
sidered studies that demonstrated improvements across a variety of outcomes: the common factor was the aim to improve 
services to the patient. Lean methodology was selected because it is widely used in the healthcare environment and many 
Lean tools (VSM, one-piece flow, 5S, spaghetti diagram, A3, cell design, SMED) were analyzed for different processes.
Results  Many Lean studies have resulted in shortened queuing time, in cost-saving, in reducing defects, in increasing patient 
volume and in increasing staff and patient safety and satisfaction.
Conclusion  Lean tools have the potential to reduce error and costs and improve quality. Because Radiology and Nuclear 
Medicine departments are similar concerning patient processes, they have plenty of potentials to benefit from systematic 
Lean adoption. We believe these principles can be applied to other health care delivery areas.
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Introduction

Lean thinking has been introduced in healthcare during the 
latest 3 decades in various areas of the world for the benefit 
of patients, employees and hospital organisation. The con-
cept called “Lean management” or “Lean thinking” is com-
monly associated with Japanese manufacturing, particularly 
the Toyota Production System (TPS) [1–3]. In fact, Lean 
thinking is not associated with health care, where waste of 
time, money and supplies is typically a problem [4–6]. But 
the principles of Lean management can be applied in health 
care in much the same way they do in other industries. But 

is it possible to use a production system from industry in 
the hospital sector? In Italy, as in other European countries, 
health care costs are increasing more rapidly than costs for 
other products and services. Health care providers, particu-
larly hospitals, are under significant pressure to reduce costs 
while at the same time improving service and patient safety, 
reducing patient waiting times, and minimizing errors and 
associated litigation. A possible way to achieve this result is 
by implementing Lean practice. However, the experiences 
of Lean projects in other industries have shown that Lean 
activities require time and perseverance associated to spon-
sor commitment combined with a bottom-up implementa-
tion. Lean interventions aim to improve quality, to reduce 
waste and to facilitate flow in the care processes of patients 
[7]. Recent studies have shown that patient outcomes can be 
improved by a Lean management system in healthcare insti-
tutions worldwide [8, 9]. Virginia Mason Medical Center 
believed the TPS would make “an excellent fit in health 
care” when they first began their Lean journey in 2001. This, 
which was the first consistent application of Lean thinking 
in healthcare, had a lot of media coverage, especially for 
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the results obtained in a short time. After 20 years, even 
if the results were not as exciting as at the beginning, it is 
still necessary to recognize an epochal change in the ways 
of thinking and working in the health sector [10]. Because 
Lean transforms organizational culture from the inside out, 
it requires a major shift in roles: managers became facili-
tators, mentors, and teachers and allow front-line workers 
to make improvements. The entire staff must identify and 
solve problems with a continuous improvement attitude. 
For these reasons, the organization can achieve a number 
of benefits, which may include improved quality, increased 
operational flexibility, reduced cycle time within processes, 
more efficient use of space, consistent service delivery, 
reduced lead times, and reduced operating costs. Applying 
a Lean approach in diagnostic departments, such as Nuclear 
Medicine or Radiology, there are many opportunities for:

•	 Reduce clinical and technical errors and mistakes.
•	 Reduce patients and report waiting times.
•	 Improve patients outcomes.
•	 Increase staff productivity.
•	 Decrease costs.
•	 Improve employee and customer satisfaction.

Boyer states that the determinants of Lean success are the 
principles implemented, the actions taken and the changes 

made to the organization to achieve the desired performances 
[11]. Systematic studies have been conducted to investigate 
the effectiveness of Lean methodologies in various health 
care settings [12–16], but the real benefits within the field 
of Nuclear Medicine remain unclear. However, it implied a 
change in working culture, keeping up the flow in all steps 
of the production and minimizing every kind of waste in 
each step. Aim of our work is to demonstrate that the Lean 
approach may be applied to a Nuclear Medicine department 
improving performance and efficiency if we choose adequate 
tools.

Materials and methods

This review was conducted based on Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA) 
framework, as displayed in Fig. 1: first, identification; sec-
ond, screening; third, eligibility; and fourth, inclusion [17]. 
In the first step, two research axes were defined, as follows: 
lean, and healthcare. Thus, the keywords: (“lean system” 
OR “lean thinking” OR “lean healthcare” OR “lean”) AND 
(“healthcare” OR “health system” OR “hospital” OR “health 
care”) were combined to retrieve posts in titles, abstracts, 
and keywords. Scientific articles were identified by key-
words in the following databases: PubMed, Scopus and 

Fig. 1   Flowchart of information 
through the different phases of 
the systematic review [17]

Records identified through
database searching (n=1539)

Records screened (n=538)

Full-text articles assessed for
eligibility concerned imaging

(n=135)

16 articles on Radiology, 2 on
Radiotherapy and

1 on NuclearMedicine

Records excluded (n=1001)

Full-text articles excluded, with
reasons

Articles excluded from the analysis,
as they did not report data suitable
for an imaging department (n=106)

Articles included in quantitative
synthesis (n=0)
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Google Scholar. The second phase consists of the first filter-
ing process, in which all publications have been thoroughly 
analyzed. There was no temporal delimitation of publica-
tions as it was included in the last 20 years. Thus, after the 
first filtering process from the 1539 articles identified by 
the databases (1143 in the last 10 years), 538 of them were 
screened to be assessed full text. Of these 135 concerned 
radiological imaging. The third step consists of eligibility. 
Of the 135 articles concerned radiological imaging, only 
19 were adequate. Of the 21 publications that included the 
keyword “nuclear medicine”, only two dealt with the topic 
but none of the significant relevance in terms of management 
and organization. In fact, of the two articles on nuclear medi-
cine, one abstract [18] concerned software to optimize PET/
CT acquisitions in oncology and the other concerned the 
improvement of the sentinel lymph node protocol [19]. Each 
study was independently screened by two reviewers to iden-
tify the title, abstract, and keywords: the disagreements were 
about 9% and were solved by means of discussion. Then we 
retrieved and assessed the full texts of the relevant studies. 
Given the heterogeneity of the studies in terms of their study 
designs (mainly observational and descriptive), settings, and 
outcomes, we were unable to pool the results and conduct a 
meta-analysis. Therefore, we provide comments and discus-
sion for the main outcomes using the measures of effect in 
the same way as they were reported by authors.

There only a limited number of healthcare organizations 
who have published their efforts with Lean in the literature 
and even fewer in the imaging area. As there are currently 
no articles on lean healthcare in nuclear medicine, refer-
ences to nuclear medicine in imaging or service articles have 
been considered. In particular, the articles on organization 
in radiology have been adapted due to the sharing of many 
processes between the two diagnostic areas. Since there are 
currently no scientific reviews on the applications of the 
Lean system in nuclear medicine, a concise explanation of 
the main tools that have been described in the articles with 
applications to the imaging departments appears necessary. 
Lean tools grew out of the need to have mechanisms in place 
to support the Lean way of thinking and to allow flow to 
permeate a process. Value Stream Mapping, Spaghetti Dia-
gram, 5S, One Piece Flow, A3, Cell Design and Six Sigma 
are among the most popular Lean tools.

Value stream mapping

A Value Stream Mapping (VSM) is a basic lean technique 
used to document, analyze and improve the flow of infor-
mation or materials needed to produce a product or ser-
vice for a customer. This technique identifies the chain 
of processes involved in creating a service, thus helping 
workers to detect inefficiencies, workload variability and 

non-value-added activities (NVA) that lead to increased 
waste [20]. VSM is a demanding job because it requires 
analyzing a process as if each phase were not value-added 
but as if it cost the organization time and resources. A 
member of the Lean group, together with a member of the 
nuclear medicine team, follows the patient’s activities step 
by step through the system from arrival until the report 
is returned. It is necessary to measure the time taken for 
each phase of the workflow and the waiting time between 
phases. Each step is analyzed and what creates value for 
the patient is identified. Problems in the workflow are 
identified, an effort is made to solve them, presenting the 
correct future flow. The 5 Whys is an easy way to elimi-
nate as many non-value-added steps as possible. From the 
VSM analysis, it was possible to calculate the times and 
routes necessary for the manual administration of FDG-
F18 to patients in a PET center; in one study, this evalu-
ation was repeated after the installation of an automated 
infusion system. This study made it possible to calculate a 
reduction in the infusion time of approximately 50% and a 
reduction in the distance of approximately 14%. However, 
an increase in costs related to the purchase of consuma-
bles, such as infusion systems, remains to be considered 
[21].

5S

The implementation of this method allows to organ-
ize the workplace basically in its existing configuration 
and is generally the first Lean method that organizations 
implement to improve the warehouse. The 5S (Sort, Set in 
Order, Sweep, Standardize and Sustain) provide a meth-
odology for organizing, cleaning, developing and sustain-
ing a productive work environment. 5S is a system for 
reducing waste and maximizing productivity by maintain-
ing an orderly workplace and using visual cues to achieve 
more consistent operational results. In the daily work of 
a company, routine activities that ensure organization and 
order are essential for a smooth and efficient flow of activ-
ities. This lean method encourages workers to improve 
their working conditions and helps them learn how to 
reduce waste, unplanned downtime and in-process inven-
tory. It would be critical in organizing tools and materi-
als in labeled and color-coded storage locations, as well 
as “kits” that contain exactly what is needed to perform 
a task (Fig. 2). Most organizations report an efficiency 
improvement of at least 10% in the first few months, which 
is sustainable over time. This tool is particularly useful 
for organizing the radiopharmaceutical preparation and 
patient injection rooms. Arranging drugs in cabinets and 
refrigerators also requires a 5S-type organization.
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A3

The problem solver records survey and planning find-
ings in a concise two-page document (the A3 Report, also 
adapted by Toyota) that facilitates knowledge sharing and 
collaboration. The term “A3” comes from the paper size 
used for the report, which is the metric equivalent of 11 
“ × 17” (or B) paper. Toyota currently uses several styles of 
A3 reporting to troubleshoot, report project status and pro-
pose policy changes, each with their own “storyline”. We 
focused on the troubleshooting report simply because it is 
the simplest style, making it the best place to start. An A3 
is a powerful tool that establishes a concrete framework 
for implementing PDSA (Plan, Do, Study, Act) manage-
ment, leading the report author to a deeper understand-
ing or resolution of the problem. An A3 is an opportunity 
for improvement and allows anyone in the organization to 
view the status of the improvement work or problem reso-
lution. It is generally shared between operators and placed 
where everyone can see it, like a whiteboard. The actors 
of the process are included in the title, where the problem 
to be solved is described. On the left side of the sheet is 
accurately described the current state of the problem and 
the breakdown of the process into steps. On the right side, 

Fig. 2   Organization of the 
emergency trolley with 5S 
method: on the drawers are 
glued the labels of the drugs on 
which the drug package must 
be placed. From a quick glance, 
you can see if the emergency 
trolley is complete: everything 
in the right place

Fig. 3   The A3 tool allows us to describe the problem, study and then 
implement the solutions through a clear and logical path, by means of 
a standard that uses the principles of visual management to make it 
intuitive and simple to perform
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the improvement plan with execution and follow-up times 
must be entered (Fig. 3).

Spaghetti diagram

The spaghetti diagram is an adequate tool for establishing 
the optimal layout for a department based on observations 
of the distances traveled by patients, staff or products, e.g., 
in radiology or nuclear medicine. Spaghetti diagrams detect 
inefficient layouts and identify large distances traveled 
between key steps. It is used to visually represent the physi-
cal flow of healthcare workers for a process. Three steps are 
required to create a spaghetti diagram: (a) create a work-
space diagram. (b) Observe the process, noting the physical 
location of the worker at the start of the process. (c) Draw 
lines that follow the path the worker takes as he completes 
the process; the lines can be numbered to reflect the steps on 
the process map (Fig. 4). The lines can be of different colors 
for different healthcare professionals. By analyzing the lines, 
you can identify any areas with unnecessary movement. This 
helps staff decide whether to bring two workspaces together 
and how to optimize the flow. The construction of the spa-
ghetti diagram on the layout allows considering the pathways 
of healthcare professionals and patients [22]. In terms of 
radiation protection, pathways should be separated as much 
as possible between radioactive patients and healthcare pro-
fessionals. In this regard, it is also necessary to calculate the 
transit and rest times of patients in the various areas of the 
ward (waiting rooms, corridors).

One‑piece flow

Patient waiting times in the hospital today are long. Anyone 
who has experienced sitting in a waiting room, exam room, 
or hospital bed can attest that there is a distinct lack of flow 
in the way healthcare is delivered today. One of the key ideas 
in Lean is to increase speed by examining the revenue-gen-
erating sequence of activities called VSM. When wastes like 
delays, errors, unnecessary transport and movement and so 
on are eliminated from these operations, what remains is the 
ability to deliver the same service in less time. Therefore, 
flow is the key to increasing speed. Because we cannot add 
resources without spending money and we cannot increase 
the amount of time we have available in a workday, we 
need to increase the speed by accelerating the flow of value 
through the system. This is done by examining and eliminat-
ing the non-value-added elements of the care process. With 
the reduction of waiting times, health experience teaches 
that the time of illness is reduced, increasing the possibility 
of recovery. Since hospital stays are shorter, more patients 
can be treated. The first step is to identify the health care 
value streams that are the goal of converting to the fastest 
and most appropriate stream. Therefore, it is necessary to 
program a “just in time” system through a one-piece pull 
employment relationship (patients, scans, X-rays, etc.) at the 
pace of the customer’s demand (Takt time).

The rules to follow for a regular flow of patients are simi-
lar to those of the Toyota Production System (TPS):

- Specify the times, the sequence and the result of the 
diagnostic procedure.

Fig. 4   The “spaghetti” diagram 
consists of a graphic representa-
tion of the movements and paths 
made by a product along the 
production flow or by people in 
the workplace. The tool visually 
shows the linearity or dispersion 
of the flows [16]
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- Link all relationships between different health profes-
sionals.
- Process one patient at a time, without queues.
- Report problems in each path.
- Solve problems using a scientific method.

There are three main problems that may be encountered 
when analyzing hospital patient flow: planning, hospital 
layout rigidity, and rigid functional mindset across depart-
ments. An example of a flow barrier is a shortage of beds 
or places to book services. Root cause can be resolved by 
scheduling discharge times based on the pace of customer 
demand and/or a target delivery time for beds.

Not having a seat available for a diagnostic test or hospi-
talization creates wasted waiting for the patient, unnecessary 
movement for nurses to search for an available bed or list, 
transport for the patient to be transferred, and extra process-
ing to guaranteeing records, drugs and resources. A common 
goal must be set to improve patient flow and increase the 
speed of processes. Compared to an automotive factory lay-
out where equipment and bulkheads can be easily moved to 
allow for better flow, nuclear medicine wards are located in 
multi-story hospitals with complex infrastructure and unsuit-
able for quick reorganizations to accommodate the flow of 
patients. While the best opportunities are new builds or reno-
vations, work is needed in old hospital facilities to remove 
physical walls and convert offices and spaces to improve 
patient flow. As in any industry, hospitals have a strong staff 
mentality to try to optimize the business of providing care 
without considering the patient’s point of view.

Patient flow is an exciting area of Lean Healthcare, as it 
promises to reduce costs, better quality of care, and better 
patient satisfaction.

Cell design

Cellular design and work cells are at the heart of lean manu-
facturing. Cells simplify patient flow, management and even 
accounting systems. Each element must match the others 
in smooth, self-regulating and self-improving functioning. 
A work cell is a unit of work that is larger than a single 
machine or workstation but smaller than the normal depart-
ment. Typically, it has 3–7 people and 5–15 workstations in 
a compact layout. An ideal cell produces a narrow range of 
highly similar products. Such an ideal cell is autonomous 
with all the necessary equipment and resources. Cellular 
layouts organize departments around a product or a narrow 
range of similar products [23]. Materials are in an initial 
queue when they enter the department. Once processing 
begins, they jump directly from one process to another (or 
sit in mini-code). The result is very fast throughput. Commu-
nication is easy as each operator is close to the others: this 

improves the quality and coordination of teamwork. Simplic-
ity is the underlying theme throughout mobile design. An 
imaging department could be divided into many working 
cells, represented by the diagnostic rooms. Each diagnos-
tic room works independently with its own staff from the 
beginning of the process (validation of the exam) to the end 
(delivery of the report). The management of the individual 
cells is governed by the times set by the patient reception 
secretariat.

Takt time

Takt time represents the available production time divided 
by the rate of customer demand. Takt time is the rate at 
which you need to complete a product to meet customer 
demand. For example, if you receive a new product order 
every two days, your team needs to finish a product in 2 days 
or less. Takt time is your sell rate and can be categorized as 
the heartbeat of your work process; it allows to optimize 
the capacity in the most appropriate way to meet demand 
without keeping too much inventory in reserve. Defining 
Takt time is crucial for optimizing the team’s capacity in 
performing examinations in Nuclear Medicine. Takt time 
can help you maintain a continuous flow of work and reduce 
waste in the workflow, especially in PET/CT diagnostics. 
Nonetheless, Takt time is useful for reducing storage costs 
as it will help to avoid overproduction. Some patients are 
complex and require more time for care, and some are less 
complex and move through their care delivery steps rapidly. 
To achieve synchronized flow and a quality result, patient 
care must be sequenced at just the right time.

Lean six sigma (LSS)

Six sigma is a data-driven methodology that provides tools 
and techniques to define and evaluate each step of a process. 
It provides methods to improve efficiencies in a business 
structure, improve the quality of the process and increase 
the bottom-line profit. The Six Sigma methodology calls for 
bringing operations to a “six sigma” level, which essentially 
means 3.4 defects for every one million possibilities. The 
goal is to use continuous process improvement and refine 
processes until they produce stable and predictable results. 
The Lean Six Sigma is a method for process standardiza-
tion, waste reduction and image quality consistency. The 
application of LSS method is demonstrated to continuously 
improve processes in a nuclear medicine environment while 
strategic data registration, monitoring and assessment are 
achievable using specific imaging information systems. 
Lean Six Sigma method requires specific staff training and 
data collection in the application of the methodology and in 
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statistical analysis. Thus, for Lean, LSS studies are the ideal 
choice because it is both practical and has a fair degree of 
methodologic strength [24–26].

SMED

SMED (Single-Minute Exchange of Die) is used to reduce 
the exchange time between patients. Setup reduction is the 
process of reducing changeover time (i.e., from the last good 
part of the previous run to the first good part of the next run, 
in diagnostics the change between one patient and another 
with the reset of the equipment). Because configuration 
activities do not add any form, fit or marketable function to 
the product, they by definition add no value. By reducing the 
setup time to SMED, you can complete more setups every 
day. SMED is a systematic approach to reduce changeover 
times to less than ten minutes. This allows the reduction 
of the overall time taken, which is critical for the flow and 
improves production flexibility. The total examination time 
was found to be too long compared to the imaging time [27]. 
Since a lot of time has been spent informing the patient and 
inserting a cannula, one of the solutions is to organize a 
preparation room and establish a workflow. In Lean imple-
mentation, setup reduction will help to:

• Reduce the total examination time, leading to a higher 
production frequency.
• Reduce waiting times and report delivery times, with a 
consequent improvement in patient satisfaction.
• Improve configuration processes, leading to better quality.

Gemba walk

In Lean manufacturing, the visit to the workplace is called 
the “gemba walk”. It is the best way to see, firsthand and 
unmediated, what works and does not. It is the best way to 
get the information you need to make the best possible deci-
sions, usually in the most efficient possible manner.

In a non-profit-making hospital, if Lean tools could 
increase production, only 45% of this output should go 
towards more scans, and 55% should go towards other activi-
ties, such as courses, conferences, education and (why not?) 
physical activities. It became realistic the slogan for Lean 
“work smarter, not harder”. This could be the way of dem-
onstrating to the doubters and the opponents that Lean was 
having a benefic effect [28]. Resistance to change is a well 
know reaction [29, 30]. The strategy for organizing the Lean 
group was to make broad information about Lean available 
to all the employees. The Lean group consists of one Team 
Leader and other employees of the Department of Nuclear 

Medicine Department. Despite the Leader, all members of 
the group started without any previous knowledge of Lean 
thinking. The group has to adjust the Lean tools and methods 
to the world of Nuclear Medicine Department and the best 
way to understand the working situations is represented by 
periodic visits (“gemba walk”) of the working group.

Results

In the first analysis, we noted that the adoption of Lean prin-
ciples and practices in healthcare is very recent (first studies 
date 2007), with a significant increase of number of publi-
cations from 2013, indicating an increasing interest in this 
theme. Most of the studies focused on certain sectors, speci-
fying only one type of services family, such as preopera-
tive, emergency, nursing and outpatient surgical procedures. 
The most positive results of the Lean implementation were 
reported in logistic functions, in departments with limited 
complexity and managed by a specialized team. The specific 
outcomes of working with Lean were decreasing waiting 
time for the patients, optimized workflow and an increased 
number of examinations during a working day. However, 
there are no systematic scientific articles on the implementa-
tion of Lean in Nuclear Medicine that can allow a complete 
review or meta-analysis. Papers must be evaluated individu-
ally by making specific evaluations, pending a greater num-
ber of implementations that we hope for. At Department of 
Radiological Sciences of the Odense University Hospital 
(OUH), the run-through time for the patients with the long-
est waiting times was 3 months from start to finish, of which 
only 133 min were of value to the patient—a shocking result 
for everybody in the section. Having worked through this 
problem, the result of the group’s great efforts decreased the 
total run-through time for these patients to 4 weeks (Fig. 5). 

Fig. 5   Efforts of Lean in a diagnostic section in Odense University 
Hospital: increasing number of examinations and a drop in waiting 
time, adapted from Karstoft and Tarp [28]
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It was measured that the total examination time was too long 
compared with the imaging time. To find the reason for this, 
it was considered a number of examinations and found out 
that it was spending a lot of time informing the patient and 
inserting a cannula with the patient lying in the PET/CT or 
CT device. One of the solutions was to establish a prepara-
tion room. Now a doctor takes in the first patient—prepares 
him/her for imaging outside the diagnostic room and then 
the same doctor takes the patient in to carry out imaging. 
Meanwhile, another doctor takes the next patient into the 
preparation room and so on. This gives up to 50% reduction 
in in-room time [28].

The results obtained from various studies have indicated 
that some variables are able to guarantee the success of the 
Lean transformation: development of teams as a support 
structure of the hospital, calculation and communication of 
paths and times, communication between all members of 
the organization overcoming organizational barriers, com-
municating to employees about their specific role in Lean 
transformation, acknowledging and celebrating the successes 
achieved through Lean transformation [31]. As Lean was 
implemented and rolled out in the department, it became 
evident that some of the staff got involved enthusiastically 
working with Lean, while someone was critical. According 
to the Lean method, the top-down commands had changed 
and the ideas and the proposals of the youngest staff were 
just valuable as those of the senior consultants. Additionally, 
one hospital in the United States reported that Lean manage-
ment techniques led to the timely launch of nearly all of its 
operations, while another managed to reduce total care costs 
by 25% and improve patient satisfaction by almost 100% 
[32]. Several studies measured the appointment wait time 
(time elapsed between the day the request for examination 
was sent and the examination took place) before and after 
Lean implementation. Reduced appointment wait times for 
imaging were found from 25 to 2 days and access to MRI 
scans within 24 h increased from 53 to 90% [33, 34]. In a 
study conducted at the Department of Radiology, Medical 
College of Wisconsin, patient waiting time was surprisingly 
reduced by 70%, total visit duration was reduced by 32%, 
and reading time for mammography screening of the 40% 
[35]. The lean approach has been used for several years at 
the radiology department, Beth Israel Deaconess Medical 
Center to improve performance and efficiency. The goal of 
the implementation was primarily to improve patient flow 
with uninterrupted equipment function, as well as a lean 
transformation of work philosophy and workplace culture 
[36]. Many studies measured cost savings. Cherry achieved 
the greatest gross cost reduction [37]; Karstoft and Tarp 
increase examinations and treatments at their hospital with-
out significant increasing costs [28]. Reducing the time spent 
performing a nuclear medicine examination is defined as 
reducing cycle time. The reduction of patient cycle time 

was measured and the time saved ranged until 13 min in a 
MRI study [34]. Moreover, staff and patient satisfaction was 
measured with an improvement in patient satisfaction was 
revealed from 60 to 88% [38]. At the Helsinki University 
Central Hospital, sentinel node gamma imaging procedure 
was analyzed using VSM, 5S and spaghetti diagram. Lean 
Team implemented eleven changes, including four new 
guides, more free camera time and reduced injection doses. 
A recent case report showed how the use of two tools such 
as the spaghetti diagram and the VSM were able to improve 
patient flow in an X-rays department. This case study iden-
tified options for increasing efficiency, improving patient 
workflow and decreasing wait times during peak hours in 
Diagnostic Imaging, and walk-in X-ray in particular [22]. 
However, the greatest success was the continuous improve-
ment holds strong even after the project was finished [19]. 
The utilization of diagnostic examinations, especially CT, 
PET/CT and MRI, has been increasing in the last several 
decades. In addition, it has been estimated that 30% of such 
examinations, especially CT scans, may be unnecessary 
[39]. The VU University Medical Center Amsterdam esti-
mated the costs for all diagnostic tests from 2006 to 2008 
and declared 2009 the year reduction of unnecessary diag-
nostic costs. From 2006 to 2009 the expenses of the inter-
nal medicine department for nuclear medicine exams went 
from 239,178 to 127,803 euros with a reduction of 47%. The 
expenses of the entire hospital, except internal medicine, for 
nuclear medicine have instead increased from 1,882,726 to 
2,150,789 euros. The introduction of few cost control meas-
ures from a Lean perspective has in fact made it possible to 
bring about a significant reduction in costs for radiological 
and nuclear medicine diagnostic examinations Although the 
word “Lean” is mentioned in the title, this study does not 
use suitable tools but is based exclusively on cost control 
by reducing the number of unnecessary examinations: this 
cannot be a result obtained with Lean management [4]. Even 
in a radiation oncology department satisfactory results have 
been obtained with the application of Lean methods [40]. 
University of Michigan Health System has adopted Lean 
thinking as a consistent approach to quality and process 
improvement by cutting the number of individual steps to 
begin treatment from 27 to 16 and minimize variability by 
applying standardization [41]. The Lean Six Sigma method 
was applied to analyze, monitor and improve processes in 
a nuclear medicine department using a dedicated nuclear 
medicine software to manage processes. After implementa-
tion, the average noise level was preserved and all patients 
had accettable image noise with significant decrease in F18-
FDG dosage [18]. The practice quality improvement in an 
abdominal imaging Department increased communication 
and documentation from 17 to 93% over a period of almost a 
year [42]. Using the Lean management approach, a musculo-
skeletal radiology division introduced beneficial changes to 
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facilitate clinical workflow efficiency, reduced moonlighting 
costs and improved radiologist satisfaction. The average of 
turnaround time for radiographic examination to final report 
submission decreased from 40 to 12 h with moonlighting 
expenses reduced from $26,000 to $5000 in one year [43]. In 
a study, a kaizen event was held over a 2-day period involv-
ing associates from the nuclear medicine department and the 
cardiology department. A process engineer led the group in 
mapping out each step of the procedure, measure the time 
at each interval and countless observations. The group then 
plotted all the information on a VSM and identified areas 
of non-value-added time. The VSM and action plan were 
posted in the department with weekly updates on progress. 
Customer satisfaction scores specific to the test and treat-
ment category rose from 74th percentile to the 99th percen-
tile in 6 weeks. Scores for personal issues category rose from 
the 65th percentile to the 91st percentile [44].

Discussion

Lean is an innovative management approach that has proven 
successful in health care organizations. It is not a new con-
cept, but it is relatively new to health care. Lean principles 
hold the promise of reducing or eliminating wasted time, 
money, and energy in health care, creating a system that 
is efficient, effective, and truly responsive to the needs of 
patients. Although Lean implementation in healthcare is 
widespread in the literature, the challenges inherent in its 
implementation are scarce or superficially reported, making 
it difficult to understand the factors that inhibit such imple-
mentation. In a recent systematic review, the implementation 
times of Lean management in emergency hospital units were 
assessed; the shortest implementation time was 1 month, the 
longest 40 months, with an average lead time of 10 months. 
The activities of the Emergency Departments in the litera-
ture period between 2006 and 2015 were compared, with 
particular attention to waiting times, visit times, pathways 
and patient satisfaction [45]. Furthermore, the most fre-
quently described method was the “case study” and there is 
a paucity of studies that address the barriers for a successful 
Lean implementation in healthcare [46]. Healthcare workers 
perceive problems from the perspective of their functions, 
which does not permit to understand the real opportunities 
of the value stream as a whole [47]. Among the different 
indicators found in many studies, the length of stay and the 
timing of the examinations had the highest frequency. Lean 
thinking was felt to focus more on time-related indicators, 
such as time of first service offer, waiting time, hospitaliza-
tion time, and patient circulation time. Therefore, time indi-
cators can be good examples of intervention and improve-
ment. However, we cannot ignore the importance of other 
social indicators relating to costs, patient satisfaction and 

efficiency. Lean Management brings a big change in the 
offering of services and styles in every department: however, 
any change requires the senior manager of the organization 
the responsibility and motivation to implement Lean. One of 
the barriers to implementing Lean management is resistance 
to change; another obstacle is that the origin of Lean think-
ing is in the industry without sufficient compatibility with 
healthcare, as well as lack of knowledge in this system. On 
the other hand, the 5S method constitutes a relatively simple, 
rapid, low-cost and low-tech way of finding more time for 
the staff. The underlying goal of Lean is to improve value for 
the patient. It promises an improvement of quality and effi-
ciency while controlling costs in the provision of optimum 
patient care. As a part of any improvements, it is important 
that they do not stop after the original implementation. The 
staff must embrace the changes, and make them their own 
to ensure continued success. Understanding the theoretical 
concept and learning how to use the different methods is 
one thing, but the real challenge is undoubtedly managing 
change in culture. Since normal top-down commands can 
be overturned, Lean not only creates a change in culture, 
it can also create a change in work influence and personal 
authority, a challenge that must be considered [29]. In fact, 
today Lean thinking is about more than 5S and U-shaped 
cells; it is also about people, culture and leadership. Lean 
methodologies to improve the quality require consistent staff 
training and data collection not only in the application of 
the methodology but in statistical analysis. Seven steps are 
described: train involved staff members, determine the study 
protocol, measure a diverse set of outcomes, collect data, 
avoid before-and-after study designs, conduct a statistical 
analysis of the data, conduct follow-up studies [48]. This 
systematic review indicates that benefits can be derived 
through the application of Lean thinking within the field 
of imaging, particularly Nuclear Medicine. Lean manage-
ment involves a long-term cultural shift that needs to be 
adopted by all personnel in a particular setting to be effective 
and produce positive results [49]. Similar conclusions were 
reached on the applications of Lean tools within various 
aspects of health care in the clinical setting. Because of the 
standardization in the work, Lean might reduce the creativity 
of the consultants. However, standardization helped improve 
the ability to provide care. Without standardization, there is 
likely to be great variability in how work is done, and leads 
to rework and reduce the quality of care provided. It is nec-
essary that all the information needed be available for the 
physicians early in the process with a high degree of accu-
racy to improve quality and efficiency. The involvement of 
physicians in the quality improvement process is necessary 
for the advancement of patient-centered mission and help-
ing to define the value proposition [42]. Decreasing inven-
tory and costs, Lean provided higher productivity-increasing 
capacity, as well as extra time for education and meetings. 
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In conclusion, in health care facilities, Lean management 
techniques have been documented to reduce costs, errors and 
time wastage as well as improve patient and staff satisfac-
tion. The rational usage of resources and process optimiza-
tion allows to reduce waste and improve quality in Nuclear 
Medicine departments.
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