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KEY POINTS

� Lean is a collection of methodologies aimed at eliminating waste in any process and can
readily be applied to emergency department (ED) care.

� Studies have shown improvement in multiple areas of emergency care (such as door-to-
provider time, patient satisfaction scores, and patient length of stay in the ED) using Lean
methodologies.

� Best practices exist and increase the likelihood that changes implemented are robust and
sustainable.
LEAN: GENERAL PRINCIPLES

The unsustainable growth of health care costs is leading to transformational change
in day-to-day operations, incentives, and cost structures in the American health
care system. In the resulting landscape, the application of Lean process engineer-
ing presents an opportunity to enhance efficiency, improve timeliness, and reduce
costs.
Lean engineering has its origins with the Toyota Production System and has been

defined as “an integrated sociotechnical system whose main objective is to eliminate
waste by concurrently reducing or minimizing supplier, customer, and internal vari-
ability.”1 In other words, Lean may be defined as a system of management used to
minimize process lead time, maximize utilization of available capacity, and eliminate
steps that do not add value, or waste, in a process2 (Box 1).
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Box 1

Lean general principles

Lean management principles include the following:
� Eliminating all forms of waste
� Fixing problems at their root
� Learning from the frontline
� Continuously improving
� Enhancing value flow
� Empowering frontline staff to “stop the line” when an error is recognized and to create the

solution, as they are the subject matter experts
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LEAN APPLICATIONS IN HEALTH CARE

Rotter and colleagues3 described 2 key components to Lean management in health
care: Lean philosophy (the underlying Lean principles discussed earlier, including
the idea of continuous improvement) and Lean activities (assessment and improve-
ment focused). Lean assessment activities, which we will detail later include Gemba
walk, value stream mapping, creation and integration of A3s, and rapid process
improvement workshops or rapid improvement events (Box 2). Lean improvement ac-
tivities include creation of standard work, 5S organizing, “stop the line” techniques or
Andon, and daily visual management.

Gemba Walk

Gemba, the Japanese term for “the real place,” is the place where value is created.4 In
health care, this can be in the clinic, the laboratory, the radiology suite, or in the back
office. A Gemba walk refers to going to that place of work and observing. This activity
can inform both decision-making and experiment design. Going to the Gemba may be
most important when decision-makers hold preconceived notions about the way
forward.
Examples of Gemba walks described in the literature include use as a general man-

agement strategy, as a tool for assessing and improving laboratory turn-around-time,5

improving safe medication administration,6 and enhancing efficiency in an outpatient
clinic.7

The power of the Gemba walk is in the ability of project stakeholders to follow the
patient’s journey or observe the staff’s actual workflow and then engage in honest dia-
logue about options for going forward.
Box 2

Lean applications in health care

Lean assessment activities include the following:
� Gemba walk
� Value stream mapping
� Creation and integration of A3s
� Rapid process improvement workshops or rapid improvement events

Lean improvement activities include
� Creation of standard work
� “Stop the line” techniques or Andon
� 5S
� Daily visual management
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Value Stream Mapping

Another key principle of Lean methodologies is enhancing the flow of value and elim-
inating non–value-added steps. A value streammapping exercise first defines the con-
crete steps in a process and then evaluates each step, and delay between steps, in
terms of whether or not it adds value to the consumer. In many health care examples,
the consumer is the patient, but at times it is also providers or staff. Typically, a value
stream mapping exercise starts with a map of current state. Non–value-added steps
and delays between steps are then identified and that information is used to inform
creation of an ideal or future state process that eliminates non–value-added steps
and reduces delays between steps.
Value stream mapping can be used to redesign any patient flow process, such as

intake into or flow through an emergency department (ED). But it is important to recog-
nize that the same methodology can be applied to the flow of information, equipment,
or medications. Fig. 1 is an example of value stream mapping in the rapid medical
evaluation area of the ED.

A3

One strategy for new initiatives is the creation of an A3. A3 refers to a size of paper (1100

by 1700) that is (in the context of Lean) formatted in a way that helps frame a problem in a
structured manner and address root causes. A3s0 content varies, but they typically
include a project’s title and owner, the background of the problem, a description of cur-
rent conditions, a definition of the goal or target conditions, an analysis describing root
causes of the issue, a list of countermeasures, an implementation plan, and description
of follow-up. The A3 thus helps to visualize the plan-do-study/check-act cycle.
A3s have many applications in health care; for example, they can be used at the

project level or for tracking of a committee’s broader work. Fig. 2 is an example of
an A3.

Rapid Process Improvement Workshops or Rapid Improvement Events

Structured events, often called rapid improvement events, or Kaizen events, can be
organized in order to bring stakeholders together to design and rapidly experiment
with changes to a given process. Within the event, various Lean assessment method-
ologies are used to inform the event’s progress. Often the goal of such events is to
eliminate workarounds or ambiguity and create standard work. Interdisciplinary,
team-based problem solving is key to the success of rapid improvement events.

Andon or Stop the Line

Setting the standard that anyone can “stop the line” (ie, halt routine work until a quality
issue is addressed) is another important aspect of Lean. In health care, it is also a
strategy that has been deployed in operating rooms, clinics, EDs, and intensive
care units. Often in high-pressure, fast-paced environments, errors can occur if a pro-
cess is relying on one person’s ability to identify a potential problem. Because health
care is a team sport, giving anyone who recognizes a problem the ability to “stop the
line” or “pull the Andon cord” is both meaningful and impactful.

5S

A standardized method for organizing workspace, 5S is shorthand for Sort, Set in or-
der, Shine, Standardize, and Sustain. The most frequent application of the 5S tool in
health care is in supplies and equipment storage. Sorting reduces the time to find an
item. Setting in order makes it possible for an individual’s work to be functionally easy



Fig. 1. Rapid medical evaluation redesign: Patient process value added and non value
added.
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from a movement standpoint. Shining, or cleaning the workspace, makes it more safe
and efficient to navigate. Standardization applies to the first 3 steps for all work areas
at a facility or within an organization. Finally, sustainment involves implementing 5S
across an enterprise. Fig. 3 is an example of the results of the 5S tool.

LEAN IN EMERGENCY DEPARTMENTS

Lean methodologies have been deployed in EDs in many domains. Although often
inspired by adverse patient safety events or directives from the executive suite, the



Fig. 2. Example of an A3.

Fig. 3. Example of S5 tool results.
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most successful improvement initiatives frequently are derived from a team’s desire to
compete with themselves and pushed to new heights with current resources. In EDs,
project owners may be nursing or physician leaders, but it is important to recognize
when ancillary service stakeholders should take ownership and drive change within
their domains. Regardless of the initiative, an early first step is identifying all stake-
holders involved in the process, and a key next step is recognizing their incentives
to change.
Soliciting ideas for improvement is a critical skill for an ED leader. One unique

approach that has been used to gather suggestions is the creation “Kaizen portal”
where ED residents and attendings can submit suggestions that are evaluated and
(when able) implemented by the ED leadership group.8 Another group required EM
residents to submit “Health Systems” logs with observations of the Health Care Sys-
tem or patient safety reports.9 Regardless of methodology, engagement with frontline
staff through all phases of improvement is key to a project’s success (Box 3).
CHANGES RESULTING FROM LEAN EVENTS
Improving the Intake Process

Streamlining the steps from when a patient arrives to when the patient is seen by a
provider is an important consideration in ED Lean redesign. Registration and the triage
process are common areas of focus in the intake process.10 Bedside registration is
often used to minimize the number of stops a patient has to make after entering the
ED.11–14 Some of the changes that have been made to triage are reassigning move-
ment of arriving patients to someone other than the triage nurse to avoid taking
them away from triage,15 moving the location of the charts and equipment to the
most convenient location for the triage nurse,16 eliminating non–value-added activities
from triage,17 assigning an additional nurse to triage during peak hours, using nursing
order protocols in triage when appropriate,18 and streamlining the nursing triage ques-
tionnaire.19 Bedside triage, also called “direct bedding,” is an approach frequently
used to eliminate unnecessary steps in patient flow. This best practice embraces
triage as a process, not a place.10–12,14,18 One group enabled this process by breaking
triage into 3 phases, “15-second triage” done before the patient is place in a room,
“quick triage” documenting critical information such as vital signs and allergies, and
“data triage” including information such as smoking history.20 Other groups have
found combined nurse and provider triage to be useful.19 One ED improved door-
to-provider times by giving providers the option to triage with nursing staff, with the
potential goal of being able to discharge some patients directly from the triage loca-
tion, having triage nurse-driven orders only be applied to patients who were not
Box 3

Major themes in improved care as a result of applying Lean principles in emergency

departments

Major themes in improved care as a result of applying Lean principles in EDs are as follows:
Improving the intake process
Maximizing efficiency of care from time of provider evaluation to time of disposition
Minimizing steps
Segmenting the patient population into specialized care areas
Standardizing work for each member of ED team
Streamlining diagnostic testing
Standardizing the admission process
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expected to see a physician within an hour, having the emergency provider assess pa-
tients arriving by ambulance in a hallway instead of waiting for a bed to be free, and
informing individual providers their door-to-provider times.21

Maximizing Efficiency from Time of Provider Evaluation to Time of Disposition

There have been a wide variety of changes described to try to make ED care more effi-
cient. Changing patient distribution to a round-robin assignment system, adjusting
staff breaks to permit better coverage of the ED, and moving frequently used medica-
tions to the top drawers in the medicine cart were changes made by one ED based on
staff input.22 A unique approach to improving patient flow through the department
involved having individuals in a remote location monitor ED patients around the clock
electronically. Those individuals monitored processes such as the wait time to see a
provider and notified the physician or nurse when they saw delays.23 Creation of a
surge protocol that was based on reports every 2 hours of certain indicators (such
as number of beds available, number of admitted patients) helped streamline flow dur-
ing high-volume times at another ED.21

Other solutions proposed by front-line staff and used during process change events
were ordering and sending laboratory and radiology tests earlier in the process,
improving signage for patients entering and leaving the ED, and identifying opportu-
nities to involve other services earlier.13 One effective method involved having the
nurse, resident, and attending get the patients’ history at the same time whenever
possible to reduce duplication of work and save staff time.13 Matching nurse practi-
tioner shifts to patient arrival times was a change made in one department.19

Other examples of changes made include the utilization of care coordinators to
expedite appropriate admission and facilitate discharges, regular meetings between
ED nursing leadership and inpatient nurse managers, switching from portable tele-
phones to walkie-talkies to facilitate staff and physician communication and reduce
noise, and rearranging use of storage spaces to make room for more computer sta-
tions.20 One group had ED nurses use an “upstream patient flow tool” to notify the
intensive care unit what patient load it could expect from the ED within a 2- to 4-
hour window.24 Communication was improved significantly by standardizing huddle
schedules, including all ED staff in huddles and using the electronic tracking system
and comment field to guide huddle discussions and communicate patient care
plans.18

Minimizing Steps

Many of the changes put into place during Lean events involved minimizing unneces-
sary steps for members of the ED staff. One ED reduced nurses’ average miles walked
per shift from 8 to 11 miles to 3 to 6 miles by creating a central supply room and by
creating standardized bedside carts and procedure carts, which eliminated the
need to have specialty rooms.25 One department highlighted the excess walking being
done by the ED secretaries by using pedometers. Realizing that they were walking an
average of 6 miles per shift showed the need to change their workflow so that they
could be readily available to answer the phone.20 By dividing the ED into sections
that correlated with nursing assignments, steps between patients were minimized.20

Another ED improved metrics during a Lean event that involved standardizing intrave-
nous carts, reorganizing stock carts so that 90% of the most used stock were within
steps of the patient with all physician-required material to the patient’s right.26 Yet
another standard procedure cart is placed in each procedure room so that providers
would not need to leave the room each time to gather supplies.27
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Segmenting the Patient Population into Specialized Care Areas

Creating different care locations for different types of patients (often called “split flow”)
is a common theme in many EDs that use Lean methodologies, particularly as ED vol-
umes grow. Examples of care area changes include ED that created a rapid triage and
treatment system in which a physician was immediately adjacent to triage nurses to
address triage questions and treat Emergency Severity Index 4 and 5 patients; a
fast track area for patients with low-acuity complaints10,21; a separate rapid assess-
ment and disposition area for patient who do not require beds28–30; a separate phys-
ical area of the ED (which was previously inefficiently used) for a rapid medical
evaluation unit31,32; a “flex-pod” that could be used for various types of patient care
designed from underutilized ED space33; separate zones for complex, medium, and
fast patients34,35; and a “Care Initiation area” (carved out of ED space not being
used any more) of 16 chairs and 4 bays for patients to come directly to that area rather
than wait in the waiting room.36 A “flow nurse” position that was converted from
another nursing position made sure patients were placed in the appropriate care
area.16

Standardizing Work for Each Member of the Emergency Department Team

Giving charge nurses the responsibility to monitor and facilitate the flow of patients to
providers was also found to be helpful.10 One ED rewrote job descriptions for
everyone in the department, being explicit about what the exact roles and responsibil-
ities were for each person.20 Another clearly defined the roles of specific nurses (such
as charge nurse, primary nurse, fast track nurse) as well as nursing assistant, flow
physician, and communication physician.18 Redefining responsibilities of nurses,
nurses assistants, and the intake coordinator streamlined care in one case.13 One
group established a “communication specialist” role to coordinate incoming referrals
and communication regarding ED patients (current or expected) with other providers
(such as primary care providers and in-hospital providers). They also created an auto-
mated phone system that allowed callers to be routed directly to the communication
specialist.34

Streamlining Testing

Improving the use of point-of-care laboratory tests has been found to increase effi-
ciency of care.10 Encouraging the team to stop sending extra tubes of blood to the lab-
oratories “just in case” helped improve laboratory efficiency, which in turn helped drive
down ED length of stay.16 Having stable, ambulatory patients go to outpatient radi-
ology and phlebotomy with a “priority pass” to ensure timely testing freed up ED
nurses to focus on sicker patients.18 Changing computed tomography (CT) protocols
such that oral contrast was not automatically given to patients receiving abdominal
CTs led to a reduction in time to receive a CT scan.16,37 Other successful changes
to the CT scan process included having CT techs pull patients, shifting CT tech hours
to better cover busiest hours of the day, using wireless communication devices to
improve communication between radiology and ED staff, and giving CT techs daily
scorecards of their own individual performance with CT turnaround times.37

Standardizing the Admissions Process

Standardizing work and streamlining operations to admit a patient from the ED were
the goals of several successful quality improvement initiatives.38,39 Measuring time
stamps around each step (eg, paging the admitting team, creation and placement
of an order set including the minimum orders necessary for the nursing supervisor
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to assign an appropriate bed, and development of a handoff tool faxed from ED nurse
to floor nurse) allowed standardization of the admissions process.39 In order to expe-
dite patient admissions, one group created a set of orders that could be used for pa-
tients who were stable and ready to go to the floor.20 Another eliminated multiple steps
in the process between when the ED physician decided to admit a patient and when
the patient left the ED.15 Other efforts to standardize the admission process include
the creation of inclusion and exclusion criteria for admitting services, improving the
electronic bed request form to include required information more consistently,
defining standard work for each person involved in the admitting process, standard-
izing criteria for steps in care that needed to occur before admission versus those
that could wait for after admission, creation of a standardized sign-out tool to be
used by the ED provider giving report to the inpatient provider, use of a scorecard indi-
cating potential deterioration of admitted patients (which helped inpatient teams
determine which patients to see in the ED before admission),40 and the creation of
physician and nursing handover checklists in the Electronic Medical Record.41

USING METRICS TO MONITOR SUCCESS

There is a wide range of metrics that EDs have measured and improved on using Lean
processes (Box 4).

SUSTAINABILITY AND POTENTIAL PITFALLS

Although Lean events help departments decide which changes to make, it does not
help address the need to change culture in order to sustain those changes. There
are some recurring recommendations made about making sure that changes that
are made are sustained.

Getting Frontline Staff Buy-In

Making sure to get staff input and buy-in is key to success in any process change. One
way to do that is to have staff take ownership by participating in the evaluation of cur-
rent state, design of interventions, and ultimate decisions. A strong leader is necessary
but not sufficient for end-user buy-in.20 Focusing on team work and suggesting that
staff think of patients as neighbors, friends, and family may help appeal to human fac-
tors in the workplace and can improve buy-in to change.11 Other suggestions to
improve staff buy-in include the following: making sure communication and
in-servicing about new process takes place, initiating the new processes during off-
peak times and in the presence of process owners and executive staff, including mem-
bers from all shifts in the process, and developing clinical “champions” and midlevel
managers. One group asked the staff members to present the work that they had done
to the hospital board. Each slide was presented by the staff member who had champ-
ioned that change in the process.36

Ensuring that Leadership Is Engaged

Engagement of leadership from other departments outside of the ED’s control (such
Radiology and Admitting) can be vital to implementing changes. Having engaged lead-
ership who are patient and present on the unit and who set and focus on clear goals
that do not change as the process changes occur improves the chance of success.10

Support from hospital and ED leadership is critical to success with process change.
Participation of hospital leaders help with interdepartmental collaboration, ensure
alignment with broader organizational goals, and are necessary to remove barriers
to adoption of Lean interventions. One study that compared various EDs’ Lean



Box 4

Metrics to monitor success

Ambulance Diversion29,30,36

Patient walkouts:
Patient leaving before being seen10,19–21,23,26,28,30,35,36,40,44–48

Patient leaving before completing treatment29

Triage:
Door-to-triage times48,49

Number of ESI 3 patients waiting for triage51

Number of low-acuity patients awaiting triage17

Nurse-to-patient ratio at triage50

Patient movement through the department:
Triage-to-provider time12,14

Door-to-room time35

Time to see a provider10–12,20,25,26,28,31,35,47–49

Registration-to-disposition times49

Doctor-to-disposition times32

Time from decision to admit to transfer to floor14

Time between “bed ready” and patient arrival on the inpatient unit54

Improved testing:
Arrival to first-order, radiograph, laboratory collected33

Variation in common laboratory turnaround times43

Rates of laboratory specimen hemolysis42

Laboratory turnaround times43,55

Transportation of ED patients for plain films56

Time from CT ordered to CT complete57

Length of stay (LOS):
Overall LOS12,13,16,20,21,23,25,28–30,32,35,36,45,52

LOS for low-acuity16,27,31,46 and mid-acuity53 patients
LOS for discharged patients34

LOS for admitted patients34,39,40

ED crowding:
Use of hallway beds33

ED boarding time38

Overall ED crowding40

Provider productivity:
Patients per MD hour49

Patient satisfaction:
Overall patient satisfaction scores11,13,20,26,34,36,38,44,45,47

Increased ED patient volume11,13,20,36,45

Impact to staff:
Cooperation among ED staff members11

Increased staff satisfaction scores and decreased turnover22

ED noise levels20

Improved safety:
Streamlined medicine reconciliation process58

Communication errors between ED and inpatient teams41

Abbreviation: ESI, Emergency Severity Index.

Data from Refs.10–14,16,17,19–23,25–36,38–58
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Box 5

Suggested practices for making and sustaining changes

Suggested practices for making and sustaining changes include the following:
Get staff buy-in
Make sure other departments are included
Ensure that leadership is engaged
Address naysayers
Give timely feedback
Make changes as needed

Lean Process Improvement 643
projects showed that the greatest successes were seen when both frontline staff and
management were heavily involved in the process and when Lean principles were
strictly adhered to.52

Addressing Naysayers

It is also important to have a strategy to address naysayers, as even the best strategies
can draw detractors. One principle is to ensure that those who disagree with process
improvements have an opportunity to discuss their concerns openly before implemen-
tation. However, once a process change with demonstrable benefits has been started,
it is important to ensure compliance. One potential avenue to ensuring this is to obtain
commitments from a hospital CEO and EDmedical director that noncompliance would
not be accepted before implementing a change.11

Giving Timely Feedback

Leaders need to review and share data regularly (some recommend daily!) as well as
round in the ED every day during the pilot and during the change. One group imple-
mented a daily management system that involved a brief huddle with frontline staff
to check on the standard work that had been implemented and review timestamps
and LOS metrics to reinforce and track use of the standard work.39 Using a commu-
nication board in the department with current metrics, areas in which improvement
has occurred, list of target goals, action item list, and comment box (including com-
plaints about the processes) reviewed by the management team daily is one way
that has been found to keep staff engaged in process change.29 When ED clinicians
and staff are eager to see performance metrics that are posted monthly, they are
more likely to be engaged in new processes.10 Having a plan that specifies ownership
for processes and changes brought about during initiatives is important to ensure that
the changes are sustained.59

Making Changes as Needed

In cases where the new process was not followed, the leaders identified and logged
barriers so that leadership could further investigate the most common causes (Box 5).

SUMMARY

Lean methodologies are a collection of tools that can be used to maximize the effi-
ciency of care in the ED. The most successful Lean projects involve buy-in from staff
and leadership. There are several well-described steps that can be used to decide
which issues to prioritize and how to best improve those processes. Providing ongoing
and timely feedback are critical, both during and after a Lean event, and vital to
increasing the success and sustainability of the project.



Breen et al644
DISCLOSURE

The authors have no financial conflicts to disclose.

REFERENCES

1. Shah RaW P. Defining and developing measures of lean production. J Oper
Manag 2007;25(4):785–805.

2. George ML, Rowlands D, Price M, et al. The lean six sigma pocket toolbook: a
quick reference guideto nearly 100 tools for improving quality, speed, and
complexity. McGraw-Hill; 2004.

3. Rotter T, Plishka C, Lawal A, et al. What Is lean management in health care?
development of an operational definition for a cochrane systematic review. Eval
Health Prof 2019;42(3):366–90.

4. Liker JK. The Toyota Way. McGraw-Hill: New York,2004.
5. Gupta S, Kapil S, Sharma M. Improvement of laboratory turnaround time using

lean methodology. Int J Health Care Qual Assur 2018;31(4):295–308.
6. Manojlovich M, Chase VJ, Mack M, et al. Using A3 thinking to improve the STAT

medication process. J Hosp Med 2014;9(8):540–4.
7. Lot LT, Sarantopoulos A, Min LL, et al. Using Lean tools to reduce patient waiting

time. Leadersh Health Serv 2018;31(3):343–51.
8. Jacobson GH, McCoin NS, Lescallette R, et al. Kaizen: a method of process

improvement in the emergency department. Acad Emerg Med 2009;16(12):
1341–9.

9. Kane B, Yenser D, Barr G, et al. Capturing resident observed concerns regarding
both the patient safety and the health care system: An innovative use of resident
logs. West J Emerg Med 2017;18:S42.

10. Lean-driven solutions slash ED wait times, LOS. ED Manag 2012;24(12):139–41.
11. Lean-driven improvements slash wait times, drive up patient satisfaction scores.

ED Manag 2012;24(7):79–81.
12. Agoritsas K, Peacock P, Legome E, et al. Applying lean to improve throughput

metrics in a pediatric emergency department. Acad Emerg Med 2016;23:S62.
13. Dickson EW, Singh S, Cheung DS, et al. Application of lean manufacturing tech-

niques in the Emergency Department. J Emerg Med 2009;37(2):177–82.
14. Kulkarni RG. Going lean in the emergency department: a strategy for addressing

emergency department overcrowding. MedGenMed 2007;9(4):58.
15. Kolker A. A reader and author respond to "Going lean in the emergency depart-

ment: a strategy for addressing emergency department overcrowding". Med-
scape J Med 2008;10(2):25 [author reply: 25].

16. Arbune A, Wackerbarth S, Allison P, et al. Improvement through Small Cycles of
Change: Lessons from an Academic Medical Center Emergency Department.
J Healthc Qual 2017;39(5):259–69.

17. Farley H, Hines D, Ross E, et al. A lean-based triage redesign process improves
door-to-room times and decreases number of patients at triage. Ann Emerg Med
2009;54(3):S96.

18. Vashi AA, Sheikhi FH, Nashton LA, et al. Applying Lean Principles to Reduce Wait
Times in a VA Emergency Department. Mil Med 2019;184(1–2):e169–78.

19. Preston-Suni K, Fleischman R, Ramon J, et al. Triage improvements reduce wait
times and eliminate disparities for patients with limited english proficiency. Acad
Emerg Med 2019;26:S84.

20. Lean-driven improvements eliminate waste, boost patient satisfaction in a matter
of weeks. ED Manag 2013;25(12):136–9.

http://refhub.elsevier.com/S0733-8627(20)30043-2/sref1
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref1
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref2
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref2
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref2
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref3
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref3
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref3
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref6
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref6
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref7
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref7
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref8
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref8
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref9
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref9
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref9
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref10
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref10
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref10
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref11
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref12
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref12
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref13
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref13
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref14
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref14
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref15
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref15
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref16
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref16
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref16
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref17
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref17
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref17
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref18
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref18
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref18
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref19
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref19
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref20
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref20
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref20
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref21
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref21


Lean Process Improvement 645
21. Patey C, Norman P, Araee M, et al. SurgeCon: priming a community emergency
department for patient flow management. West J Emerg Med 2019;20(4):654–65.

22. Phillips J, Hebish LJ, Mann S, et al. Engaging Frontline Leaders and Staff in Real-
Time Improvement. Jt Comm J Qual Patient Saf 2016;42(4):170–83.

23. Culture of safety’ sets tone for improvement. ED Manag 2007;19(6):64–5.

24. Florida hospital saves 5.3 M dollars by adopting principles of lean manufacturing.
Perform Improv Advis 2005;9(1):10–1, 11.

25. ED improves on already impressive wait times. ED Manag 2010;22(1):6–7.

26. Ng D, Vail G, Thomas S, et al. Applying the Lean principles of the Toyota Produc-
tion System to reduce wait times in the emergency department. CJEM 2010;
12(1):50–7.

27. White BA, Chang Y, Grabowski BG, et al. Using lean-based systems engineering
to increase capacity in the emergency department. West J Emerg Med 2014;
15(7):770–6.

28. Gardner RM, Friedman N, Bradham T, et al. Impact of revised triage approach to
improving emergency department throughput for treat and release patients.
Acad Emerg Med 2017;24:S157.

29. ED becomes ’lean’ and cuts LBTC, LOS times. ED Manag 2008;20(4):44–5.

30. Eller A. Rapid assessment and disposition: applying LEAN in the emergency
department. J Healthc Qual 2009;31(3):17–22.

31. Chartier LB, Kuipers M, Josephson T. Plenary oral presentations. CJEM 2015;
17(Suppl 2):S4–88.

32. Luu AS, Cheffers M, Kearl YL, et al. LEAN in to get patients out: North project.
Ann Emerg Med 2016;68(4):S21.

33. Arnold T, Buenger LE, Jensen G, et al. Lean methodology to improve patient flow
through flexible space utilization. Acad Emerg Med 2018;25:S64.

34. Woodward GA, Godt MG, Fisher K, et al. Children’s hospital and regional medical
center emergency department patient flow–rapid process improvement (RPI). In:
Chalice R, editor. Improving healthcare quality using Toyota lean production
methods: 46 steps for improvement. 2nd ed. Milwaukee: Quality; 2007. p.
145–50.

35. Murrell KL, Offerman SR, Kauffman MB. Applying lean: implementation of a rapid
triage and treatment system. West J Emerg Med 2011;12(2):184–91.

36. Care initiation area yields dramatic results. ED Manag 2009;21(3):28–9.

37. Humphries R, Russell PM, Pennington RJ, et al. Utilizing lean management tech-
niques to improve emergency department radiology ct turnaround times. Ann
Emerg Med 2011;58(4):S248.

38. Sroufe NS. Reducing emergency department boarding time: A quality improve-
ment initiative. Acad Emerg Med 2014;21(5):S290.

39. Allaudeen N, Vashi A, Breckenridge JS, et al. Using lean management to reduce
emergency department length of stay for medicine admissions. Qual Manag
Health Care 2017;26(2):91–6.

40. Migita R, Del Beccaro M, Cotter D, et al. Emergency department overcrowding:
Developing emergency department capacity through process improvement. Clin
Pediatr Emerg Med 2011;12(2):141–50.

41. Mahajan P. Quality in pediatric emergency medicine: A learning curve and a
curveball. Clin Pediatr Emerg Med 2011;12(2):80–90.

42. Damato C, Rickard D. Using Lean-Six Sigma to reduce hemolysis in the emer-
gency care center in a collaborative quality improvement project with the hospital
laboratory. Jt Comm J Qual Patient Saf 2015;41(3):99–107.

http://refhub.elsevier.com/S0733-8627(20)30043-2/sref22
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref22
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref23
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref23
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref24
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref25
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref25
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref26
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref27
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref27
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref27
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref28
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref28
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref28
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref29
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref29
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref29
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref30
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref31
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref31
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref32
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref32
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref33
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref33
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref34
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref34
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref36
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref36
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref37
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref38
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref38
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref38
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref39
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref39
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref40
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref40
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref40
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref41
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref41
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref41
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref42
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref42
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref43
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref43
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref43


Breen et al646
43. Sanders JH, Karr T. Improving ED specimen TAT using Lean Six Sigma. Int J
Health Care Qual Assur 2015;28(5):428–40.

44. ED redesign improves patient flow, satisfaction. Hosp Case Manag 2013;
21(4):53–4.

45. Carstairs KL, Hollenbach KA, Shah S, et al. Improved emergency department
quality metrics, patient satisfaction scores, and revenue following implementation
of lean flow principles and queuing theory-based operational changes. Acad
Emerg Med 2016;23:S59–60.

46. Kanzaria H, Mercer M, To J, et al. Using lean methodology to create a care
pathway for low acuity emergency department patients in a safety net hospital.
Acad Emerg Med 2017;24:S202–3.

47. Lisankie M, Saint-Hilaire R, Wein DA, et al. Split-improves operational flow and
decreases flow emergency department layout process variation. Ann Emerg
Med 2016;68(4):S89.

48. Vashi AA, Haji-Sheikhi F, Nashton LA, et al. Applying lean principles to reduce
wait times in the emergency department. J Gen Intern Med 2016;31(2):S120.

49. Naik T, Duroseau Y, Zehtabchi S, et al. A structured approach to transforming a
large public hospital emergency department via lean methodologies. J Healthc
Qual 2012;34(2):86–97.

50. Ross E, Hines DM, Farley H, et al. A lean-based process redesign to expedite
throughput of emergency severity index (ESI)-3 patients reduces the percentage
of time recommended nurse to patient ratios are exceeded at triage. Acad Emerg
Med 2010;17:S97.

51. Hines DM, Ross E, Farley H, et al. A lean-based process redesign intended to
expedite patient throughput improves door to room times and decreases patients
at triage. Acad Emerg Med 2010;17:S91.

52. Dickson EW, Anguelov Z, Vetterick D, et al. Use of lean in the emergency depart-
ment: a case series of 4 hospitals. Ann Emerg Med 2009;54(4):504–10.

53. Cheffers M, Luu A, Laird D, et al. Utilization of lean healthcare principles to
improve emergency department patient flow in an intermediate acuity area of a
safety-net hospital. Acad Emerg Med 2016;23:S248.

54. White BA, Bravard MA, Kobayashi KJ, et al. Improving handoff efficiency for
admitted patients: A multidisciplinary, lean-based approach. Am J Emerg Med
2019;37(6):1202–3.

55. White BA, Baron JM, Dighe AS, et al. Applying Lean methodologies reduces ED
laboratory turnaround times. Am J Emerg Med 2015;33(11):1572–6.

56. White BA, Yun BJ, Lev MH, et al. Applying systems engineering reduces radi-
ology transport cycle times in the emergency department. West J Emerg Med
2017;18(3):410–8.

57. KleinD,KhanV.Utilizingsix sigma leanstrategies toexpediteemergencydepartment
CTscan throughput in a tertiary care facility. J Am Coll Radiol 2017;14(1):78–81.

58. Hummel J, Evans PC, Lee H. Medication reconciliation in the emergency depart-
ment: opportunities for workflow redesign. Qual Saf Health Care 2010;19(6):531–5.

59. Rotteau L, Webster F, Salkeld E, et al. Ontario’s emergency department process
improvement program: the experience of implementation. Acad Emerg Med
2015;22(6):720–9.

http://refhub.elsevier.com/S0733-8627(20)30043-2/sref44
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref44
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref45
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref45
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref46
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref46
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref46
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref46
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref47
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref47
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref47
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref48
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref48
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref48
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref49
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref49
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref50
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref50
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref50
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref51
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref51
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref51
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref51
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref52
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref52
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref52
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref53
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref53
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref54
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref54
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref54
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref55
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref55
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref55
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref56
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref56
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref57
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref57
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref57
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref58
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref58
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref59
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref59
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref60
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref60
http://refhub.elsevier.com/S0733-8627(20)30043-2/sref60

	Lean Process Improvement in the Emergency Department
	Key points
	Lean: general principles
	Lean applications in health care
	Gemba Walk
	Value Stream Mapping
	A3
	Rapid Process Improvement Workshops or Rapid Improvement Events
	Andon or Stop the Line
	5S

	Lean in emergency departments
	Changes resulting from lean events
	Improving the Intake Process
	Maximizing Efficiency from Time of Provider Evaluation to Time of Disposition
	Minimizing Steps
	Segmenting the Patient Population into Specialized Care Areas
	Standardizing Work for Each Member of the Emergency Department Team
	Streamlining Testing
	Standardizing the Admissions Process

	Using metrics to monitor success
	Sustainability and potential pitfalls
	Getting Frontline Staff Buy-In
	Ensuring that Leadership Is Engaged
	Addressing Naysayers
	Giving Timely Feedback
	Making Changes as Needed

	Summary
	References


