
Abstract. – OBJECTIVE: Emergency Depart-
ments (EDs) worldwide face the challenges of
crowding, waiting times, and cost containment.
This review aims to provide a synthesis of the
current literature focused on how Lean Think-
ing Principles and tools can be applied in an
ED to address overcrowding and hospital ad-
missions.

MATERIALS AND METHODS: Primary stud-
ies showing Lean interventions and implemen-
tation in ED visits, not requiring additional re-
sources measuring specific outcomes (i.e.
length of stay, patient volume, patient satisfac-
tion, waiting times for the first visit, waiting
times for diagnostic results, left without being
seen) were selected. PubMed, Scopus, CINAHL,
EconLit, NHS Economic Evaluation Database,
Business Sources Complete, and Health Tech-
nology Assessment were used to conduct
searches. Full-text articles of all potentially rel-
evant publications were reviewed for eligibility.
Discrepancies were resolved through discus-
sion by all reviewers. Quality assessment and
critical appraisal of selected studies were also
evaluated by applying the Quality Improvement
Minimum Quality Criteria Set.

RESULTS: Nine before-and-after studies met
these eligibility criteria. Management of patient
flow was the main intervention. Almost all stud-
ies showed EDs performance improvement: in-
creased patient volume, decreased length of
stay and number of patients left without being
seen, reduced costs, and increased patient sat-
isfaction. Only one case reported worse results
after Lean intervention implementation.

CONCLUSIONS: Though Lean Principals
have been used in healthcare for many years
conclusion of their effects could still not be
drawn. Surely, human-centered approach, top
management support, work standardization, re-
sources allocation and adaptation to the local
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context seem to be crucial for success. Fur-
thermore, higher quality studies are needed:
specific research design, appropriate statistical
tests and outcome measures are needed. Be-
fore large-scale implementation, further studies
are needed to evaluate the true ability of Lean
interventions to improve healthcare delivery.

Key Words:
Emergency care, Lean thinking, LOS, Hospital ad-

mission.

Introduction

Emergency Departments (EDs) worldwide
face challenges of crowding, cost containment,
and excessive waiting times1,2. These issues rep-
resent larger problems in developed countries,
resulting in disruption and inefficiencies to elec-
tive health care, patient discomfort, and higher
in-hospital length of stay (LOS)3,4. Also, emer-
gency admissions entail higher costs for hospitals
and health care systems. In England, in 2009/10,
the National Health System estimated the cost of
inpatient hospital admissions at £20.5 billion, of
which emergency admissions alone contributed
£11 billon5. The Institute of Medicine’s Commit-
tee on the Future of Emergency care in the Unit-
ed States identifies improving EDs efficiency as
a priority in hospitals6.

Solving EDs problems requires a revision of
the entire process of EDs care and needs integra-
tion and collaboration of all healthcare profes-
sionals involved within all organizational levels.
While it is well known that acute hospitals have
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to set aside a defined number of beds for emer-
gency admission, the optimal organization of un-
planned admission to hospitals and the effective
and efficient management of admitted patients
flow in EDs is still uncertain. Although many ex-
ternal causes for EDs inefficiencies exist (i.e. so-
cial or financial) the internal organization of EDs
also contributes to these inefficiencies7.

During the last decades, many healthcare or-
ganizations worldwide began adopting ap-
proaches such as Lean Thinking (Lean) to inte-
grate better health care delivery. Lean is a set of
business operating principles developed by Toy-
ota Motor Corporation in 1950s8. Lean is con-
sidered a quality improvement method9. The key
element in Lean is waste elimination through the
identification of non-value-added activities, such
as wasteful steps that don’t give any value to the
patient in terms of care (e.g. waiting times). This
organizational philosophy emphasizes the identi-
fication of the root cause of a delay or problem
with a bottom-up approach, starting from the
workers and workplaces to understand the is-
sues. Indeed, the starting point in a Lean re-en-
gineering project is not a potential solution, but
the development of a detailed understanding of
how a complex process is actually performed.
That is accomplished by designing a detailed
map of the process (Value Stream Map – VSM)
useful in identifying waste and bottlenecks, al-
lowing the elimination of the non-value-added
steps10-12. In the case of an ED these wastes in-
clude: queuing, waiting for a provider evaluation
or a laboratory result to come back, or being
transported to x-ray13.

Since 2005, Lean has been used to face depart-
mental problems in hospitals all over the world
in order to improve the performance of care de-
livery and the efficiency of processes12,14-17. This
approach, as example, could include new diag-
nostic algorithms18 or diagnostic biomarkers19,
that besides being cost-effective interventions,
improve patients’ outcomes. According to the In-
stitute for Healthcare Improvement (IHI), the use
of the Lean approach in only 2 years at Virginia
Mason Medical Center led to improvements in
lead time (65%), space (41%), setup time (82%),
productivity (36% redeployed to other open posi-
tions) and inventory (53%)20.

Supporting IHI’s view, the literature shows how
Lean has been applied to health organizations,
above all in hospitals, and in particular in EDs, that
seem to be pioneer departments in Lean implemen-
tation7,10,13,21-38.

This systematic review aims to provide an ex-
haustive summary of current literature focused on
how Lean principles and tools, applied in an ED,
can solve the problem of overcrowding and facili-
tate the process of hospital admission.

Materials and Methods
Eligibility Criteria

This systematic review was conducted and re-
ported in accordance with recommendations
from the Cochrane handbook for Systematic Re-
views of Interventions and the PRISMA State-
ment39. We considered publications eligible for
review if they met 5 criteria: (1) primary studies;
(2) recruitment (everyday crowding); (3) inter-
vention (application of Lean principles and tools
in EDs); (4) outcome (i.e. LOS, patient volume,
patient satisfaction, waiting times for first visit,
waiting times for diagnostic results and left with-
out being seen – LWBS rate); (5) no additional
resources used (i.e. no extra nursing or medical
staff, no structural changes). This last criterion
allows the inclusion of only studies that measure
outcomes after changing processes, in order to
highlight only the results of Lean implementation
and try to decrease heterogeneity. In fact, no sta-
tistical test is able to disambiguate effects of sev-
eral changes applied simultaneously.

Search Strategy
The search was conducted independently by

two reviewers (SM and ACDL) in the following
electronic databases: PubMed, Scopus,
CINAHL, EconLit, NHS Economic Evaluation
Database, Business Sources Complete, Health
Technology Assessment, without any limits on
time or language in order to consider the whole
existing body of literature. Each database was
explored with the same combination of subject
headings and text words. The primary search was
conducted using the following algorithm: “inte-
grated care” OR “continuity care” OR “primary
care” AND “efficiency” OR “organizational” OR
“length of stay” AND “lean thinking” OR “Toy-
ota” AND “patient admission” OR “patient flow”
OR “access block” AND “emergency service”
OR “emergency department”. References lists of
included manuscripts were also examined to find
any additional study not previously identified.

Study Selection
All titles and abstracts of identified publica-

tions were screened according to the predeter-
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el 4. While applying QI-MQCS, six out of nine
publications totaled more than 10 points, three of
them totaling 14 points7,28,29. All selected publica-
tions received a positive evaluation for four of the
sixteen criteria (1- Organizational motivation; 2-
Intervention rationale; 3- Intervention description;
13- Penetration/Reach). None of the selected stud-
ies reached a positive evaluation for two of the
sixteen criteria (10- Adherence/Fidelity; 11-
Health outcomes).

All included publications were before-and-
after studies7,13,26,28-30,32,33,35,38. Patient volume of
EDs in these studies ranged from 34,80028 to ap-
proximately 95,00038; Lean interventions were
applied during a period ranging from one week32
to six months36. In each study measured out-
comes were compared with a previous period
varying between three13 and 36 months7. Most of
these studies were conducted at a single cen-
ter13,26,28-30,32,33,35,38. Four studies were carried out
in Teaching Hospitals7,32,33,38, and two studies
were carried out in pediatric EDs13,28.

The staff involved was generally comprised of
not only clinicians and nurses, but also by assis-
tants and engineers30, providing suggestions to
Lean design and implement changes in order to
achieve the continuous improvements stated by
Lean philosophy. In almost all the studies a quali-
ty improvement facilitator, often a Lean consul-
tant, led the team. In the study by Dickson et al7,
carried out in two academics and two community
EDs, best results were obtained when Lean inter-
vention was owned by the frontline workers who
worked in the ED and the commitment of the
leadership was principally involved sustaining the
improvement. When both leadership commitment
and frontline workers’ involvement were missing,
lack of improvement or even a worsening in LOS
and patient satisfaction were observed.

In most cases Lean was the only approach
used. In two studies typical Lean tools were com-
bined with other approaches to process manage-
ment. In particular, Chadha et al26 described the
integration of Lean and Queuing Theory, a math-
ematic model through which is possible deter-
mine the length and the waiting times of the
queue. White et al38 reviewed many engineering
theory systems that included Lean methodologies,
Six Sigma, Queuing Theory, Demand/Capacity
Management, Theory of Constraints, Managing
Variation, Forecasting and Scenario Analysis.

Table I summarizes Lean interventions and
their effects on ED. None of the articles con-
cerned the integration between primary care, sec-

4211

Lean management in Emergency Department: a systematic review

mined inclusion and exclusion criteria. All pub-
lications considered potentially relevant were
retained and the full-text articles were reviewed
for eligibility. Disagreements were resolved
through discussion to reach a final consensus
by all the reviewers.

Quality Assessment
To assess methodological quality of selected

studies, we applied a 5-level tools40,41 with some
adaptation, as made in a previous review2. Quality
level 1 included prospective studies that aimed at
assessing a clearly defined outcome measure with a
random or consecutive sample size that was large
enough to achieve narrow confidence intervals and
diverse enough to suggest generalization of the
findings. Quality level 2 included prospective stud-
ies that were more limited in terms of sample size
or generalization. Quality level 3 included retro-
spective studies that otherwise would have satisfied
the criteria for quality level 1 or 2. Quality level 4
included studies that sampled by convenience or
other techniques that were prone to introduce bias.
Quality level 5 included studies that lacked clearly
defined or validated outcome measures. Quality as-
sessment was performed by SM and AGdB, and
disagreements were resolved by discussion.

Furthermore, we tested the Quality Improvement
Minimum Quality Criteria Set (QI-MQCS) for the
critical appraisal of included studies. QI-MQCS is a
new tool, specific for quality improvement studies
assessment, composed of 16 items. Three authors
(SB, SM, MT) independently rated publications,
using a dichotomous answer mode (criterion met
versus not), after agreeing on the intervention and
the primary outcome of interest, as expected in the
user manual42. Disagreements were resolved by dis-
cussion. The answer “criterion met” counted 1
point otherwise “criterion not met” counted 0. Each
study could reach a maximum of sixteen points.

Results

The search identified 40 articles: nine from
Pubmed, 24 from SCOPUS and seven from the
other mentioned databases. Nine out of the 40
studies were eligible for the review. The entire
search and selection process for articles is illus-
trated in Figure 1.

The EDs considered were from USA7,13,29,33,35,38,
Australia32, Canada30, Sweden25, and India26. Stud-
ies were all conducted between 2006 and 2014.
All nine studies included were rated as quality lev-



Figure 1. Study flow diagram.
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ondary care, EDs and hospitals, to address the
problem of overcrowding and hospital admis-
sions in terms of timeliness.

In all studies, except two13,38, project teams
redesigned ED process using VSM to eliminate
non-value-added activities. The main interven-
tion taken was on the management of patient
flow. Streaming of patients was performed in
two or three categories, depending on the fol-
lowing: the likelihood to be admitted or not30,32;
the Emergency Severity Index29; the Queuing
Theory26,38. In one case28, no intervention in pa-
tient streaming was carried out, but a central-

ized management and control of patient flow
was instituted.

One of the main bottlenecks was found to be
the lack of space for initial assessment. This bot-
tleneck was addressed by dedicating different ar-
eas for different type of patients27,30,33. In one
case, the areas were represented simply by a label
attached to groups of existing beds within the
ED30. The staff was dedicated to the different ar-
eas and consisted of a nurse and a physician29,32.

Other areas identified as places needing to im-
prove were hospital bed shortages27,43-48, wait for
radiology23 or the in-patient team23.
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Three studies30,32,35 tried to identify in which
steps the communication between workers could
obstruct or facilitate patient flow. Other Lean in-
terventions were: computer systems implanta-
tion13,35, changes in roles and responsibilities (e.g.
nurse-physician care team members, flow man-
agers, screening nurses)28,35. Finally in seven stud-
ies, changes were evaluated and adjusted in an it-
erative way by Kaizen tool7,13,26,28-30,33.

One study addressed more directly the prob-
lem of the access block. This study, conducted in
a pediatric ED, the Lean intervention was fo-
cused on decreasing LOS for patients who had to
be admitted to the hospital. After a standardiza-
tion of inclusion and exclusion criteria for pa-
tients admissions and bed management, the au-
thors assisted by an electronic system attained a
reduction of approximately 10% in LOS13.

Lean interventions implementation showed in-
creased patients volume7,26,28-30,32,33, decreased
LOS7,26,29,30,32,33,35 and LWBS7,13,29,30,35, costs reduc-
tion33 and increased patient satisfaction7,30,33. How-
ever, in one of the four hospitals (Hospital C) in-
cluded in Dickson et al7 these factors became
worse the first and the second years after imple-
mentation. In particular, LOS increased and patient
satisfaction decreased showing a trend towards
worsening, while patient volume increased.

Discussion

Application and implementation of Lean in
healthcare systems have been used for many years.
All studies analyzed showed that the reorganiza-
tion of healthcare services by Lean philosophy is
still unknown and not yet standardized. Lean has
represented the hoped-for solution after several
failures and many times it has been based on previ-
ous and successful experiences28,29. A previous re-
view24 analyzed the effectiveness of Lean method-
ology in the Emergency care setting. We decided
to update the research in light of new studies and to
focus on several dimensions not covered by Hold-
en et al, such as duration and follow-up after the
intervention and the integration with primary and
secondary care settings.

Lean real innovation is the approach to prob-
lems management. Interventions are focused on
the whole process rather than on a specific prob-
lem, involving not only the top management, but
also the entire frontline staff. Employees are di-
rectly and indirectly affected by Lean interven-
tions. During the process of improving the events

often used to teach people about lean while they
improve specific processes7, workers have to im-
prove their problem-solving skills, which may be
judged either negatively (perception of being
monitored, overloaded work)28 or positively (em-
ployee participation and job control)49. However,
Kaizen leads to standardization50 and conse-
quently increases monotony. Therefore, Lean
changes should be pursued with a human-cen-
tered approach (recognition of the value of peo-
ple, patients, and workers), top management sup-
port, resource allocation and adaptation to the lo-
cal context24. Moreover, a strong leadership is re-
quired to build motivation, drive the changes and
lead improvement projects7,24. In fact, the biggest
barrier to the success of Lean is often resistance
to changes and the lack of collaboration between
roles24. No one study discussed staff satisfaction.
A surrogate marker of workers’ satisfaction was
proposed by Dickson et al33 by reporting physi-
cians and nurses courtesy perceived by patients.

Another Lean tool implemented was work
standardization based on assessment of the pre-
sumed “better way to do” that improved care
process and could reduce the capability to adapt
to unexpected variation51,52. In most of these
studies, the triage procedure was the most stan-
dardized25-33,35,37. Managing patients’ flow, start-
ing from the arrival of patients to ED, had a pos-
itive impact on LOS, in particular on outpatient
status. The streaming of patients at their arrival,
deciding as soon as possible if they are admitted
or not (through multidisciplinary teams evalua-
tion) improves the ED performance and the ap-
propriateness of admissions. On one hand,
speeding up the time of decisions to admit pa-
tients, and on the other hand, allowing a smooth-
ly flow of patients that do not need to be admit-
ted, since care teams are different for both types
of patients.

Induced changes as a result of Lean implicate
not just improvement in processes or protocol but
the possibility of reorganization of the ED layout
to support new processes such as redesigning staff
work areas or reorganizing consultation
rooms7,30,33,35,37,38,53. These structural changes have
been demonstrated to be effective in improving,
not only patient flow in ED28,30,35,37,38, but also
LOS and LWBS7,28,30,35,37,38,54. One study38 also
considered resources needed for the reorganiza-
tion of the ED. However, no one of the selected
studies reported Lean interventions that require
added expenses or costs, coherently with eligibil-
ity criteria.
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Almost all studies considered showed that
Lean interventions contributed to the EDs per-
formance improvement. However, the literature
is full of studies reporting successful Lean in-
terventions, while little has been reported about
the failed attempts28. Many of these studies are
single case studies, some quite anecdotal, many
biased by a weak study design9. According to
these results, the improvement showed by all
the other studies should be evaluated by consid-
ering the quality of the studies and the possibili-
ty of publication bias55. Surely, the development
of specific tools for critical appraisal of quality
improvement publication, such as QI-MQCS, is
crucial. Nevertheless, studies often met mini-
mum standard criteria and reached positive
evaluation suggesting a more strict evaluation
would produce worse results. It is possible a
graduated criterion from “met” to “not met” is
needed. Lean interventions, as all quality im-
provement interventions, differ from clinical in-
terventions: this affects not only critical ap-
praisal but also study design. Specific research
design, appropriate statistical tests and outcome
measures are needed. Indeed, most of the stud-
ies were conducted in a single center and with-
out control, in some cases statistical analysis
was lacking7,25,30,35 and the costs of interventions
were usually not evaluated. Structural changes,
dedicated staff (nurses, physicians, Lean con-
sultants), implementation of Information Tech-
nology systems, as well as education and train-
ing of staff, have a cost that should not be over-
looked in the evaluation of Lean regarding cost-
effectiveness. More attention is needed in terms
of sustainability. Furthermore, in the manage-
ment of the access to ED, no study considered
the importance of the integration between pri-
mary and secondary care and ED to reduce the
number of accesses. Future studies should also
take into account and emphasize facilitators for
change and barriers to applications9.

Limitations
It is important to consider that the heterogene-

ity of methodology, outcome measures and re-
porting among the original articles could be a
limit of this study. The duration of the interven-
tions was different and in some cases the time
pre and post intervention considered is not large
enough to take into account seasonal flows and
variations in terms of access in ED and nature of
cases29. This may entail distortion in results that
were not systematically considered.

Conclusions

Managing hospitals through Lean becomes a
prerogative of an excellent patient-oriented
healthcare system: it seems to be critical for a
better value-based healthcare21. Before a large-
scale implementation, as there is a heated de-
bate about the role of Lean in EDs, higher qual-
ity studies are needed to ascertain real effec-
tiveness of Lean in EDs as compared to other
quality improvement interventions. It would be
also useful to address the problem of access
block by a wider perspective, involving both
primary care and hospitals, mostly dedicated to
chronic diseases and complex patients. In fact,
primary care has a main role in demand man-
agement (i.e. streaming and sending patients to
ED only if necessary) and hospitals have to as-
sure an easy access to the admitted patients
(e.g. bed availability, timely discharge).
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