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Study objective: In recent years, lean principles have been applied to improve wait times in the emergency department
(ED). In 2009, an ED process improvement program based on lean methods was introduced in Ontario as part of a
broad strategy to reduce ED length of stay and improve patient flow. This study seeks to determine the effect of this
program on ED wait times and quality of care.

Methods: We conducted a retrospective cohort study of all ED visits at program and control sites during 3 program
waves from April 1, 2007, to June 30, 2011, in Ontario, Canada. Time series analyses of outcomes before and after the
program and difference-in-differences analyses comparing changes in program sites with control sites were conducted.

Results: In before-after models among program sites alone, 90th percentile ED length of stay did not change in wave 1
(–14 minutes [95% confidence interval {CI} –47 to 20]) but decreased after wave 2 (–87 [95% CI –108 to –66]) and
wave 3 (–33 [95% CI –50 to –17]); median ED length of stay decreased after wave 1 (–18 [95% CI –24 to –12]), wave 2
(–23 [95% CI –27 to –19]), and wave 3 (–15 [95% CI –18 to –12]). In all waves, decreases were observed in time to
physician assessment, left-without-being-seen rates, and 72-hour ED revisit rates. In the difference-in-difference
models, in which changes in program sites were compared with controls, the program was associated with no change in
90th percentile ED length of stay in wave 2 (17 [95% CI –0.2 to 33]) and increases in wave 1 (23 [95% CI 0.9 to 45])
and wave 3 (31 [95% CI 10 to 51]), modest reductions in median ED length of stay in waves 2 and 3 alone, and a
decrease in time to physician assessment in wave 3 alone.

Conclusion: Although the program reduced ED waiting times, it appeared that its benefits were diminished or
disappeared when compared with that of control sites, which were exposed to system-wide initiatives such as public
reporting and pay for performance. This study suggests that further evaluation of the effectiveness of lean methods in
the ED is warranted before widespread implementation. [Ann Emerg Med. 2014;64:427-438.]

Please see page 428 for the Editor’s Capsule Summary of this article.
A feedback survey is available with each research article published on the Web at www.annemergmed.com.
A podcast for this article is available at www.annemergmed.com.
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INTRODUCTION
Background and Importance

During the past decade, prolonged waiting times in the
emergency department (ED) have been recognized as a major
barrier to timely and accessible emergency care.1-3 Crowding and
delays in the ED have been associated with a greater risk of adverse
outcomes for patients, including mortality among admitted
patients4 and both death and subsequent hospital admission for
discharged patients.5 As a result, policies to address waiting times in
the ED have been pursued in many jurisdictions.2,6,7

Lean principles are increasingly being applied as part of efforts
to improve quality in health care settings,8 including the ED.9
ers are listed in the Appendix.
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Lean was developed more than 50 years ago by the car maker
Toyota to streamline manufacturing processes, primarily through
the elimination of waste in work processes.8,10 Despite its rapid
adoption, rigorous studies to evaluate lean approaches in the ED
are lacking. In particular, although many studies report
improvements in waiting times before and after lean-type
interventions,9,11 none are randomized and none compare
changes in performance with concurrent comparison sites. It is
thus unclear whether improvements can be attributed to these
interventions, nor do we know what could be achieved with
other methods for which there is some evidence of effect, such as
public reporting and performance incentives.12

In 2006, a report commissioned by the Ontario government
proposed numerous strategies to reduce ED crowding.13 In
Annals of Emergency Medicine 427
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Editor’s Capsule Summary

What is already known on this topic
Lean principles have been demonstrated to increase
manufacturing efficiency in industry and are being
applied in health care.

What question this study addressed
Can an emergency department (ED) process
improvement program based on lean principles
improve ED efficiency?

What this study adds to our knowledge
The lean intervention was not associated with a
marginal decrease in ED length of stay compared
with broader system-wide interventions.

How this is relevant to clinical practice
New methods of improving efficiency in the ED are
needed, but each must be objectively evaluated to
determine it produces the desired results.

October 2007, the government announced that it planned to
address the province’s increasing ED waiting times,14 and in
April 2008 Ontario’s Emergency Department Wait Time
Strategy was announced.15 During the next year, various
components of the strategy were announced, including provincial
ED wait time targets,16 public reporting of ED wait times,16 a
hospital pay-for-results program (which provided certain
hospitals with financial incentives if they met individual ED
length-of-stay performance improvement targets in a given fiscal
year), and initiatives aimed at easing ambulance offload delays
and improving access to care in the community.17 In 2009, the
ED process improvement program was introduced by the
Ministry of Health and Long-Term Care, with the objective of
reducing ED length of stay.18 The timing of various components
of the Wait Time Strategy is illustrated in Figure 1.

Goals of This Investigation
Our comprehensive evaluation of the Ontario ED process

improvement program is the first controlled large-scale evaluation
of such an intervention, to our knowledge. It was developed in
collaboration with the Improvement and Compliance Branch,
Health System Performance and Accountability Division at the
Ontario Ministry of Health and Long-Term Care, health system
decisionmakers, and researchers at the Institute for Clinical
Evaluative Sciences. As one aspect of the evaluation, this study
aimed to determine for each of the first 3 implementation periods
(waves 1 to 3) the effect and sustainability of the ED process
improvement program in reducing ED length of stay, and time to
physician initial assessment in the 6 months after the
implementation period.We also sought to determine whether there
were unintended consequences in terms of changes in quality care.
428 Annals of Emergency Medicine
MATERIALS AND METHODS
Study Design and Setting

We conducted a retrospective cohort study of all unscheduled
ED visits at process improvement program and control sites from
April 1, 2007, to June 30, 2011, in Ontario, Canada (population
12 million).

Selection of Participants
The original sample comprised a total of 89 of the 162EDs in the

province, each of which was eligible for the process improvement
program. Sites volunteered and were selected by the Ministry of
Health and Long-Term Care to participate in the program in each
wave according to assessment of their readiness as shown in the
expression of interest document submitted by each site.

Among the EDs that did not participate in the program, 7
sites were excluded as potential controls because they had
received similar interventions in the 2 years before the official
launch of the program as pilot sites for program development.
We also excluded 8 sites with low annual ED volumes (<20,000)
from among prospective control sites because they were quite
different from program participants and lower-volume sites tend
to have significantly shorter wait times. Two pediatric hospitals
were excluded from among program and prospective control sites
because their population differed from that of the other hospitals
within the study. From those remaining, the control sites for each
wave were frequency-matched according to having a median ED
length of stay during the 2 years before ED process improvement
program implementation within 0.5 hours of the median ED
length of stay of the ED process improvement program sites in
that wave. Because the evaluation period for any given wave
overlapped with that of subsequent waves, we excluded previous
or subsequent wave program participants as prospective controls.

Interventions
The Ontario ED process improvement program was launched

at the end of March 2009, with 5 hospitals in a single health
region as the first wave. The second (beginning in November
2009) and third (May 2010) waves comprised 16 and 15
hospitals, respectively, from across Ontario. The program used a
lean improvement approach modeled on pilot programs in
several Ontario hospitals. Dedicated hospital improvement teams
composed of senior leaders, managers, and staff from a variety
of departments within participating hospitals identified
improvement opportunities in patient flow from arrival in the
ED to discharge from inpatient units. The implementation
period was 7 months and included diagnostic, solution design,
pilot and control, and rollout phases. The program provided one
external lean coach to train and mentor improvement teams at
each hospital, on-site support from lean management experts,
training on the program methodology and tools for
implementation, data management tools to track and report
performance, linkages across sites to facilitate peer-to-peer
mentoring, and forums for teaching and sharing progress among
program sites. The program required that additional staff fill the
positions of some team members while they were leading the
Volume 64, no. 5 : November 2014



Figure 1. Ontario Ministry of Health and Long-Term Care wait time strategy.
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program. Thus, in the second and third waves, to be eligible for
the process improvement program, sites had to be participants in
the pay-for-results program, which provided financial incentives
to hospitals to improve ED waiting times (though not all
hospitals in the pay-for-results program became process
improvement program sites). The Ministry of Health and Long-
Term Care implementation plan was reviewed after each wave,
and there were some modifications to the intervention delivery
framework and training segments in subsequent waves. In
addition, the external lean experts varied from wave to wave.

Methods of Measurement
ED visits were identified through the National Ambulatory

Care Reporting System19-21 and hospital admissions through the
Discharge Abstract Database,22 both of which are collected
through the Canadian Institute for Health Information. Deaths
were identified from the Registered Persons Database, a
population-based registry of all legal residents in Ontario.23

Neighborhood income and community type were derived from
Statistics Canada 2006 census estimates.

Outcome Measures
The primary outcomes analyzed were 90th percentile and

median ED length of stay, 90th percentile and median time to
physician, and percentage of admitted and nonadmitted patients
Volume 64, no. 5 : November 2014
missing provincial ED length-of-stay targets. The Ministry of
Health and Long-Term Care had identified 90th percentile ED
length of stay as the main measure of improvement targeted
through the program. ED length of stay was calculated as the
time from triage or registration (whichever was earlier) to the
time the patient left the ED. Time to physician was calculated as
the time from triage or registration to the time of initial physician
assessment. The provincial ED length-of-stay targets were less
than or equal to 8 hours for admitted patients and higher-acuity
(Canadian Triage and Acuity Scale24 levels 1, 2, or 3)
nonadmitted patients, and less than or equal to 4 hours for
nonadmitted patients triaged as lower acuity (Canadian Triage
and Acuity Scale level 4 or 5). Secondary outcomes represented
potential unintended consequences of the program with respect
to quality-of-care measures, including left-without-being-seen
rate, admission rate, short-term (<48 hours) admission rate,
7- and 30-day mortality, 30-day readmission rate among patients
who were admitted from their index ED visit, and 72-hour ED
revisit rate among patients who were discharged from their index
ED visit.

Primary Data Analysis
Because of changes in site selection methods, program design,

and implementation over time, separate analyses were conducted
for each wave. We compared crude baseline characteristics of ED
Annals of Emergency Medicine 429
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process improvement program and control sites during the
period before implementation of the program (starting from
April 2007) with respect to ED length of stay, physician initial
assessment, ED volume, teaching hospital status, admission rates,
and percentage of resuscitation or emergent patients (Canadian
Triage and Acuity Scale level 1 or 2). We also calculated
descriptive statistics of outcomes during the period before
implementation as a baseline for comparison with model results.

Data were collapsed into ED, week, age/sex group, and
Canadian Triage and Acuity Scale group (high [1 to 3] versus low
acuity [4 to 5]) strata, and dependent variables were calculated
within each stratum. To model the change in ED length of stay
and time to physician initial assessment after the implementation
of the process improvement program, we used generalized least
squares for serially correlated continuous data,25 applying an
autoregressive lag 1 (AR1) correlation structure, weighting by
stratum population. To model the change in the number of patients
meeting ED length-of-stay targets and unintended consequences,
we used generalized estimating equations26,27 Poisson models for
serially correlated count data, applying an AR1 correlation structure,
with the logarithm of the stratum population as the offset
parameter. Because patients admitted to the same ED have
correlated outcomes, we clustered by ED to adjust the standard
errors. Separate regression models were used for each outcome.

Initial models were restricted to process improvement
program sites to establish changes in outcomes among
participating EDs before and after the program. We compared
the 6-month period after the intervention to the period from
April 2007 to the start of each wave. Thus, the preintervention
period was longer in subsequent waves. For the primary analysis,
we compared the difference in each outcome pre- versus
postimplementation among program sites with the difference
among control sites (difference in differences).28

Each model controlled for age/sex group, acuity (high versus
low), individual ED, hospital teaching status (teaching versus
other), and annual ED volume. We included a variable for
annual participation in the Ministry of Health and Long-Term
Care pay-for-results program. In addition, we controlled for
whether the ED participated in an alternative funding
arrangement plan through the Ministry of Health; the
arrangement is a model of physician payment generally based on
an hourly rate rather than fee for service. Because both program
and control sites may have participated in other lean-type
interventions during the study, we determined which hospitals
had done so for each month of the study period and controlled
for this in the models. The monthly assessment of other lean-type
interventions from 2007 to 2010 was determined by a survey of
all ED PIP sites and controls (response rate of 100% during the
first 2 waves); the survey did not extend to 2011 and therefore
data were not available for the wave 3 follow-up period.

Models included a preprogram linear trend variable to
account for any trends in outcomes before the introduction of
the process improvement program. Seasonal cyclical fluctuations
were modeled with indicator variables for the 12 calendar
months, separately for preprogram and postprogram periods. In
430 Annals of Emergency Medicine
the before-after models, the predicted rate for a specific calendar
month postprogram was computed as the adjusted rate for the
corresponding preprogram month, incorporating the linear
trend. The absolute change in ED length of stay and time to
initial physician assessment and the relative change in patients
meeting ED length-of-stay targets and rates of unintended
consequences pre- versus postprogram were obtained as the linear
combination of regression parameters corresponding to the
difference in observed and predicted postprogram monthly
terms.29 In the difference-in-differences models, separate pre-
and postprogram calendar month variables were included for
program and control sites, allowing us to use this method to
compare the difference in pre-post outcomes among program
sites with the difference among control sites.

The descriptive analyses for this article were generated with
SAS software (version 9.3; SAS Institute, Inc., Cary, NC) of the
SAS System for Unix.30 We used Stata MP (version 12.1;
StataCorp, College Station, TX) for Unix for the multivariable
models.31

Research ethics board approval was obtained from
Sunnybrook Health Sciences Centre.
RESULTS
Characteristics of Study Subjects

There were 5 program sites and 39 controls in wave 1, 16
program sites and 17 controls in wave 2, and 15 program sites
and 7 controls in wave 3. Table 1 shows the baseline
characteristics of program sites and controls. Program and control
sites were similar in terms of baseline ED length of stay and in
most other respects, with the exception of teaching hospital status
in wave 1 (there were no teaching hospitals among program sites)
and average annual ED volume in waves 2 and 3 (program sites
tended to have higher volumes in wave 2, with the opposite in
wave 3).

Main Results
The model results are shown in Table 2. In the initial models

(Figures 2 and 3), we examined the differences in outcomes
before and after the process improvement program among
program sites alone. Both 90th percentile and median ED length
of stay and time to physician assessment were significantly lower
after the program, with the exception of the 90th percentile ED
length of stay among wave 1 sites. ED length of stay decreased
among admitted patients for waves 2 and 3 sites and among
nonadmitted patients for all waves. The rate of patients missing
ED length-of-stay targets was lower for admitted patients in
waves 2 and 3 and nonadmitted patients in all waves. There were
no unintended consequences of the program with respect to
short-term admission, mortality, and readmission; overall, fewer
patients left without being seen and 72-hour ED revisit rates
were lower after the program. Admission rates, including short-
term admission rates, were slightly higher.

In the primary analysis, models compared changes in outcomes
among program sites with control sites (Figures 4 and 5). The
Volume 64, no. 5 : November 2014



Table 1. Baseline characteristics of process improvement program and control sites in the period before program implementation
(starting from April 2007).

Characteristic (N[Total ED
Visits)

Wave 1 Wave 2 Wave 3

Program Sites
(N[416,925)

Control Sites
(N[3,321,749)

Program Sites
(N[2,134,583)

Control Sites
(N[1,933,066)

Program Sites
(N[2,110,248)

Control Sites
(N[996,263)

Number of EDs 5 39 16 17 15 7
Number of teaching hospitals 0 2 4 3 1 1
Annual number of ED visits,
mean (SD)

44,159 (8,939) 46,638 (15,014) 56,223 (18,472) 46,005 (15,546) 47,862 (12,993) 51,726 (18,116)

Resuscitation/emergency
patients (CTAS 1–2),
No. (%)

55,972 (13.4) 519,973 (15.7) 425,920 (20.0) 339,175 (17.6) 353,966 (16.8) 173,495 (17.4)

ED LOS, 90th percentile, h 8.2 8.6 11.6 10.2 8.8 8.8
Median (IQR) 3.3 (2.0–5.3) 3.0 (1.7–5.1) 3.6 (2.0–6.5) 3.3 (1.8–5.8) 3.1 (1.8–5.2) 3.1 (1.8–5.2)
Time to initial physician
assessment, 90th
percentile, h

4.2 3.7 4.4 4.1 3.7 3.6

Median (IQR) 1.6 (0.85–2.8) 1.3 (0.65–2.4) 1.4 (0.72–2.7) 1.4 (0.68–2.6) 1.3 (0.67–2.4) 1.3 (0.67–2.3)
ED LOS, admitted patients,
90th percentile, h

25.4 29.0 32.8 32.5 27.8 32.3

Median (IQR) 7.5 (4.8–13.2) 8.3 (4.8–16.8) 10.9 (6.2–21.3) 9.9 (5.5–20.2) 8.4 (5.0–16.7) 8.7 (5.1–18.4)
ED LOS, nonadmitted
patients, 90th percentile, h

6.8 6.7 8.0 7.4 6.8 6.7

Median (IQR) 3.1 (1.9–4.8) 2.7 (1.6–4.4) 3.2 (1.8–5.3) 3.0 (1.7–4.9) 2.8 (1.6–4.4) 2.8 (1.6–4.4)
ED LOS, high-acuity
nonadmitted patients,
90th percentile, h

7.7 7.8 9.0 8.5 8.1 7.7

Median (IQR) 3.6 (2.3–5.4) 3.2 (1.9–5.2) 3.8 (2.2–6.1) 3.6 (2.1–5.7) 3.4 (2.1–5.4) 3.3 (2.0–5.2)
ED LOS, low-acuity
nonadmitted patients,
90th percentile, h

5.6 5.0 5.5 5.3 4.9 4.9

Median (IQR) 2.5 (1.5–3.9) 2.1 (1.2–3.4) 2.3 (1.4–3.7) 2.2 (1.3–3.6) 2.2 (1.3–3.4) 2.1 (1.3–3.4)
Admitted patients meeting
Ontario ED LOS target,
No. (%)

25,156 (54.0) 184,764 (49.0) 116,686 (36.7) 103,496 (41.1) 116,940 (48.0) 55,252 (46.2)

Nonadmitted patients
meeting Ontario ED LOS
target, No. (%)

313,549 (84.7) 2,575,712 (87.5) 1,521,727 (83.8) 1,431,538 (85.2) 1,618,616 (86.8) 770,214 (88.1)

Left without being seen,
No. (%)

25,020 (6.0) 145,152 (4.4) 110,433 (5.2) 91,947 (4.8) 95,633 (4.5) 43,019 (4.3)

Admitted, No. (%) 46,603 (11.2) 377,001 (11.4) 318,163 (14.9) 251,580 (13.0) 243,696 (11.6) 119,524 (12.0)
Short-term admission
(<48 h), No. (%)

8,191 (2.0) 74,065 (2.2) 59,935 (2.8) 50,130 (2.6) 44,937 (2.1) 25,162 (2.5)

Died within 7 days of ED
discharge, No. (%)

2,577 (0.62) 21,853 (0.66) 17,632 (0.83) 14,091 (0.73) 13,858 (0.66) 6,400 (0.64)

Died within 30 days of ED
discharge, No. (%)

5,433 (1.3) 45,762 (1.4) 36,873 (1.7) 29,188 (1.5) 29,720 (1.4) 13,223 (1.3)

Admitted patients readmitted
to hospital within 30 days,
No. (%)*

4,710 (11.3) 42,037 (12.0) 32,677 (10.8) 28,217 (12.0) 27,031 (12.2) 13,872 (12.3)

Discharged patients revisiting
the ED within 72 h,
No. (%)†

97,248 (26.8) 874,743 (30.2) 490,853 (27.7) 473,508 (28.7) 560,707 (30.6) 257,443 (30.0)

CTAS, Canadian Triage and Acuity Scale; IQR, interquartile range; LOS, length of stay.
*Wave 1: N¼41,755 in program sites and N¼350,480 in control sites; wave 2: N¼301,339 in program sites and N¼234,854 in control sites; wave 3: N¼222,020 in program
sites and N¼112,478 in control sites.
†Wave 1: N¼363,008 in program sites and N¼2,892,073 in control sites; wave 2: N¼1,770,319 in program sites and N¼1,650,434 in control sites; wave 3: N¼1,833,816 in
program sites and N¼858,621 in control sites.

Vermeulen et al Emergency Department Lean Process Improvement Program
process improvement program was associated with increases in
90th percentile ED length of stay in waves 1 and 3 and modest
reductions in median ED length of stay in waves 2 and 3. Among
admitted patients, however, ED length of stay increased among
Volume 64, no. 5 : November 2014
program sites compared with control sites. There were decreases in
ED length of stay among nonadmitted patients, particularly low-
acuity patients, at the 90th percentile in waves 2 and 3 and at the
median in all waves; reductions among high-acuity nonadmitted
Annals of Emergency Medicine 431



Table 2. Change in outcomes before and after a process improvement program among program sites (before-after models) and the
change among program sites compared with the change among control sites (difference-in-differences models).

Outcome

Wave 1 Wave 2 Wave 3

Before-After
Models

Difference-in-
Differences
Models

Before-After
Models

Difference-in-
Differences
Models

Before-After
Models

Difference-in-
Differences
Models

ED LOS, 90th
percentile, min

–14 (–47 to 20) 23 (0.9 to 45) –87 (–108 to –66) 17 (–0.2 to 33) –33 (–50 to –17) 31 (10 to 51)

Median (IQR) –18 (–24 to –12) –2 (–6 to 1) –23 (–27 to –19) –4 (–7 to –0.9) –15 (–18 to –12) –13 (–16 to –9)
Time to initial
physician
assessment,
90th percentile,
min

–26 (–33 to –20) 12 (9 to 15) –35 (–38 to –31) –0.2 (–3 to 2) –23 (–26 to –21) –25 (–27 to –22)

Median (IQR) –18 (–21 to –14) 2 (0.6 to 4) –13 (–15 to –12) 2 (0.6 to 3) –11 (–13 to –10) –10 (–12 to –9)
ED LOS, admitted
patients, 90th
percentile, min

–134 (–313 to 46) 213 (117 to 309) –245 (–307 to –183) 245 (188 to 301) –196 (–255 to –137) 397 (327 to 468)

Median (IQR) –0.4 (–54 to 53) 26 (–4 to 57) –107 (–130 to –84) 75 (56 to 94) –137 (–158 to –117) 109 (83 to 134)
ED LOS,
nonadmitted
patients, 90th
percentile, min

–28 (–39 to –18) 10 (3 to 18) –46 (–52 to –39) –10 (–15 to –5) –12 (–18 to –6) –31 (–38 to –25)

Median (IQR) –21 (–25 to –16) –4 (–7 to –2) –17 (–19 to –14) –4 (–6 to –2) –14 (–16 to –12) –17 (–19 to –15)
ED LOS, high-
acuity
nonadmitted
patients, 90th
percentile, min

–17 (–30 to –4) 25 (15 to 35) –49 (–57 to –42) –7 (–13 to –0.3) –13 (–21 to –5) –35 (–44 to –27)

Median (IQR) –14 (–19 to –9) 4 (1 to 7) –16 (–19 to –14) –4 (–6 to –1) –14 (–16 to –12) –20 (–23 to –18)
ED LOS, low-acuity
nonadmitted
patients, 90th
percentile, min

–40 (–53 to –28) –5 (–13 to 3) –36 (–44 to –29) –14 (–20 to –8) –16 (–22 to –10) –33 (–40 to –26)

Median (IQR) –29 (–34 to –24) –15 (–17 to –12) –16 (–18 to –13) –3 (–5 to –1) –16 (–18 to –14) –16 (–18 to –13)
Admitted patients
missing Ontario
ED LOS target,
RR

1.06 (0.99 to 1.14) 1.09 (1.05 to 1.12) 0.86 (0.85 to 0.88) 1.04 (1.03 to 1.06) 0.84 (0.82 to 0.86) 1.11 (1.08 to 1.14)

Nonadmitted
patients missing
Ontario ED LOS
target, RR

0.75 (0.70 to 0.80) 0.95 (0.91 to 0.98) 0.77 (0.75 to 0.80) 0.96 (0.94 to 0.99) 0.85 (0.82 to 0.87) 0.73 (0.70 to 0.76)

Left without being
seen, RR

0.71 (0.66 to 0.77) 0.90 (0.86 to 0.94) 0.75 (0.72 to 0.78) 0.93 (0.90 to 0.97) 0.82 (0.79 to 0.85) 0.77 (0.73 to 0.80)

Admitted, RR 1.07 (1.01 to 1.14) 1.01 (0.98 to 1.04) 1.03 (1.00 to 1.05) 0.98 (0.96 to 1.00) 1.08 (1.05 to 1.10) 0.94 (0.91 to 0.96)
Short-term
admission
(<48 h), RR

1.15 (1.03 to 1.27) 1.04 (0.99 to 1.09) 1.04 (1.00 to 1.08) 0.99 (0.96 to 1.02) 1.07 (1.03 to 1.11) 1.02 (0.97 to 1.06)

Died within 7 days,
RR

0.90 (0.79 to 1.03) 1.04 (0.98 to 1.12) 0.97 (0.92 to 1.01) 1.00 (0.95 to 1.04) 0.98 (0.93 to 1.03) 0.93 (0.88 to 0.99)

Died within 30
days, RR

0.96 (0.86 to 1.07) 1.07 (1.02 to 1.13) 0.98 (0.94 to 1.02) 1.00 (0.97 to 1.03) 1.02 (0.98 to 1.06) 0.96 (0.91 to 1.00)

Admitted patients
readmitted to
hospital within
30 days, RR

1.13 (0.99 to 1.30) 0.98 (0.92 to 1.05) 1.07 (1.02 to 1.12) 1.04 (1.00 to 1.08) 0.98 (0.94 to 1.03) 1.00 (0.95 to 1.06)

Discharged
patients
revisiting the ED
within 72 h, RR

0.93 (0.90 to 0.97) 0.99 (0.97 to 1.00) 0.97 (0.96 to 0.99) 1.02 (1.00 to 1.03) 0.97 (0.96 to 0.98) 1.02 (1.00 to 1.03)

RR, Relative risk.
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Figure 2. Change in ED length of stay before and after a Process Improvement Program among program sites.
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patients were less consistent. There were no substantive changes in
time to physician assessment except in wave 3. In contrast with the
before-after models, the rate of admitted patients missing Ontario
ED length-of-stay targets increased significantly among program
sites compared with controls; however, there were decreases in
nonadmitted patients missing targets. The program was not
associated with any unintended consequences, and the rate of
patients who left without being seen declined among program sites.
LIMITATIONS
This study had several limitations that warrant mention.

Program assignment was not random; sites for each wave were
selected by the Ministry of Health according to expressions of
interest. As a result, we could not control for unknown
confounders, although we did attempt to control for important
known confounders that differentially affected program and
control sites.

Randomization could have reduced bias because of potential
unknown confounders; we recommend that future studies take
advantage of this rigor because randomization would have been
feasible in this study and would have introduced no extra cost or
complexity to the evaluation.32

Because program waves overlapped, there were a limited
number of suitable controls available for each wave. Although we
Volume 64, no. 5 : November 2014
frequency-matched controls with program sites according to ED
length of stay, there remained some differences in teaching status
and ED volume; however, we did control for these variables in
the multivariate models. Because of the overlapping nature of the
multiple waves of the process improvement program, as well as
the recency of the final wave, we were unable to conduct
controlled analyses of program sustainability.

Some of the unintended consequences examined in this study
may have been too far downstream to reflect problems associated
with the program. Our study did not address the effects of the
lean program on front-line staff.

Finally, our study focused on a quantitative evaluation of
outcomes measured through administrative data and did not take
into account specific contextual factors and mechanisms that may
have played a role in the success or failure of this complex
intervention.33,34 Actual implementation of lean initiatives and
other factors such as the degree of involvement by management
and staff buy-in varies among sites and could not be accounted
for in this analysis.35,36
DISCUSSION
Among participating hospitals in an ED lean initiative, our

uncontrolled before-after analysis revealed improvements in
overall length of stay, time to initial physician assessment, and
Annals of Emergency Medicine 433



Figure 3. Change in ED length-of-stay targets and quality-of-care outcomes before and after a Process Improvement Program
among program sites.
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the percentage of patients meeting wait time targets. However,
compared with concurrent controls in our primary analysis, the
effects of the lean intervention were attenuated and, for most
outcomes, either no longer significantly beneficial or even
significantly worse. Thus, it is clear that control sites saw
improvements in outcomes that approached or even exceeded
those in program sites during the course of the study. In some
cases, control sites improved while program sites got worse. This
suggests that the lean intervention evaluated here added relatively
little to the effect of other changes affecting all study sites.

This may have been due to a number of other system-wide
policies that targeted all EDs in the province. First, public
reporting, which has been found to have a positive effect on process
improvement measures,37,38 had been in effect for at least 6
months before the first wave of the process improvement program.
The launch of public reporting inOntario was accompanied by the
introduction of targets for ED length of stay.16 In the United
Kingdom, where a 4-hour rule was implemented and targets of
90% and, subsequently, 98% were set, the initial target was
associated with a reduction in ED length of stay.39

Second, the Ontario pay-for-results program was implemented
in the year before the introduction of the process improvement
program, and both program and control sites participated in it
during the course of the study. Pay-for-performance initiatives
have been associated with improvements in quality-of-care
measures, even in the context of public reporting.12
434 Annals of Emergency Medicine
Third, a number of control sites engaged in self-initiated
lean-type initiatives during the course of the study period: 49%
in wave 1 for an average of 3 months, 41% in wave 2 for an
average of 13 months, and 14% in wave 3 for an average of 5
months. Although we controlled for this in our analysis, it is
possible that other factors that could not be controlled for, such
as the introduction of clinical decision units at some sites,40

played a role in reducing waiting time in the control sites as well.
Essentially, the common pressures on all of these hospitals
encouraged a wide variety of performance improvement
initiatives and these may have contributed to the apparent effect
in the before-after analyses, rather than the systematic lean
intervention we evaluated.

Our results add to those of previous studies, which are scarce
and not rigorously designed. These few evaluations have found
improvements in the ED length of stay and other outcomes after
lean-type interventions,35,41-50 but this may be partly due to
publication bias because positive evaluations are more likely to be
published.51 Also, none of the published studies have compared
outcomes with comparable controls, most were conducted as a
before-after analysis in a single site,41-50 and many did not
conduct statistical tests of observed differences.35,41,42,49 Thus,
these previous studies do not provide rigorous evidence for the
notion that lean approaches are effective in ED settings. Lean
approaches are becoming increasingly popular as EDs attempt to
improve quality, efficiency, and patient outcomes,9 and some
Volume 64, no. 5 : November 2014



Figure 4. Change in ED length of stay before and after a process improvement program among program sites compared with
control sites.
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jurisdictions such as the province of Saskatchewan are
implementing its techniques broadly across the whole health care
system.52 Consultants are often employed or, more recently,
internal staff are trained to conduct lean programs. Despite the
interest in the effectiveness of programs, many have not been
evaluated. Like any health care intervention, the implementation
of lean should be evidence based, with reasonable expectations of
benefits, proper evaluation, and an awareness of potential
downsides.53,54 Although the specific costs of this particular
program were not available, lean initiatives in general are not
inexpensive, given need for external consultants, data collection
tools, and staff time that must be assigned to quality
improvement teams. Our study suggests that further evaluation
of the effectiveness of lean methods in the ED is warranted before
widespread implementation on the assumption of effectiveness.

In our before-after analysis, we observed inconsistent effects
across different waves of the program, which probably reflected
differences in site selection for each wave more than differences in
program design. Wave 2 sites, which had the highest ED waiting
times at baseline, experienced the greatest improvements in ED
length of stay after the process improvement program (and other
ED changes described above). It is evident that sites with shorter
wait times to begin with had more difficulty attaining significant
reductions in overall ED length of stay.
Volume 64, no. 5 : November 2014
Our data suggest that gains in waiting times may be easier to
achieve among nonadmitted patients, particularly those triaged as
low acuity. The introduction of targets in the United Kingdom was
also associated with a substantial increase in median ED length of
stay among admitted patients because more of these patients leave
the ED in the last 20 minutes before the target.55 Although the lean
initiative targeted both the ED and inpatient units, in Ontario,
which has the one of the lowest hospital bed per capita levels among
the Organization for Economic Co-operation and Development
countries,56,57 it may have been more challenging to improve wait
times for admitted patients. In contrast, improvements in ED
length of stay among nonadmitted patients depend primarily on
processes and resources within the ED, which were likely to have
been more flexible and amenable to improvement.

Although a number of other studies have suggested that lean-type
interventions can reduce time to consult a physician,44,45,47,48,50 our
study showed little change in time to initial physician assessment
associated with the process improvement program, except inwave 3.
This may be because the primary focus of the wait times strategy was
overall ED length of stay.18 In the United Kingdom, where the 4-
hour rule was introduced for total time spent in the ED, one study
also found that time to consult a physician did not improve.39

We did not observe any unintended consequences of the
programwith respect to admission, short-term admission,mortality,
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Figure 5. Change in ED length of stay targets and quality-of-care outcomes before and after a process improvement program
among program sites compared to control sites.
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readmission among admitted patients, or ED revisits among
discharged patients. In addition, the process improvement program
was associated with a significant reduction in the proportion of
patients who left without being seen. A number of other studies have
observed reductions in left-without-being-seen rates after lean-type
interventions.42,44,48,49 Research examining the effects of the 4-hour
rule on quality of care, including admissions, mortality, and return
visits, also found no adverse effects of these targets.58

Our study highlights the challenges in evaluating
interventions in a context in which multiple approaches are
being used simultaneously to address health system issues.
Although the process improvement program had the effect of
reducing ED waiting times, it appears that the benefits of this
specific program were relatively modest against the backdrop of
public reporting, pay-for-performance initiatives, and an
increasing awareness of the need to improve patient flow within
hospitals. In some cases, particularly for admitted patients, these
other elements of the wait times strategy appeared to provide at
least as much benefit as the program itself. These findings
demonstrate the value of using rigorous methods to evaluate the
true effect of complex health system performance improvement
initiatives.
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