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ABSTRACT

Background: Many organizations have adopted Lean tools to improve healthcare, but few studies adequately evaluate the
effectiveness of Lean tools, such as Rapid Process Improvement Workshops (RPIWs).
Objective: To evaluate the effectiveness of RPIWs conducted in surgical services at two hospital sites from economic and
statistical perspectives.
Methods: Retrospective data over three years from the two interventions sites were used for a cost-benefit analysis in the form
of Return on Investment (ROI). The Interrupted Time Series (ITS) method was used to analyze the trends of selected process
measures such as surgical volumes, overtime, and sick time hours during intervention and post-intervention periods at the two
sites. Also, comparable data from two control sites were used to statistically compare the trends of some of the process measures
between the intervention and control sites.
Results: The cumulative effects of the six RPIWs performed at each site were examined. The results did not produce any
evidence to indicate that the outcomes justify the investments. The ITS analysis revealed no indication of systematic and sustained
change in the pattern of process measures at the intervention sites as a result of RPIWs. Nor did they provide significant or
conclusive evidence when comparing the process measures between the intervention and control sites.
Conclusions: This study identifies some of the difficulties of empirically calculating the ROI of RPIWs, and provides evidence
that any realized benefits due to RPIWs implemented in two hospitals were not worth the investment. Such a result may lead us to
challenge any unfounded claims of high monetary benefits from Lean tools or similar quality improvement initiatives.
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1. INTRODUCTION

Over the last several decades, Lean has been adopted by
industries the world over as a method to reduce error, elimi-
nate waste, and improve productivity with cost savings fea-
tured as one of the ultimate outcomes.[1] From its origins
in the automotive manufacturing industry,[2] Lean has since
been adopted by many healthcare organizations to varying

degrees.[3] Research on Lean in healthcare has also prolif-
erated,[4] although the majority of studies offer anecdotal
accounts of Lean’s success[5] and relatively few thoroughly
examine any associated benefits and outcomes.[6, 7]

One of the difficulties with research in this area is the fact
that there are multiple interpretations of what constitutes
Lean, which gives rise to many approaches to implementa-
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tion.[8, 9] In spite of the criticism that Lean is ill-defined,[10]

there is recent progress in terms of developing an operational
definition of Lean, which in turn, could usher advancements
of research in this area.[11] Of particular importance is the
need to specifically define the Lean tools under investigation
in order to enable a better understanding of the causal rela-
tionships between interventions and outcomes and to allow
for meaningful comparisons across studies.[8]

One key tool used in Lean is the Kaizen event, also known
as a Rapid Process Improvement Workshop (RPIW).[12, 13]

Kaizen is a Japanese term that translates to “change for the
better”,[14] and a Kaizen event/RPIW typically convenes a
broad range of stakeholders for approximately one week of
intense improvement effort whereby people work together to
identify waste, remove or eliminate it, and improve processes
using a variety of Lean tools and activities. Improvements
achieved during the RPIW can be monitored via audits at 30,
60, and 90 days post-RPIW and recorded as indications of
sustainability and success.[15]

There have been many studies of Lean in healthcare that re-
port positive outcomes. However, there are far fewer studies
that critically evaluate Lean, either at the individual project
level or at the systemic level.[16, 17] Some studies report
large financial gains resulting from Lean tools and activities.
Within the surgical services sector, for example, one study re-
ported $34,678 savings per esophagectomy patient following
their Kaizen events.[18] Another study estimated opportunity
revenue of $330,000 annually from improved operating room
turn-over times due to Lean interventions.[19] In a further
study of an RPIW undertaken to optimize on-time perfor-
mance in two operating rooms, the authors attributed an annu-
alized benefit of $72,696 to the Lean intervention.[20] Lastly,
Schwarz et al.[21] estimated a cost savings of C366,000 an-
nually if operating room capacity could be fully optimized
based on their study of Lean events.

In spite of these promising reports of positive financial gains,
research in this field is often plagued by methodological lim-
itations such as a lack of statistical analyses, selection bias,
failure to include comparison groups, and other confound-
ing factors. Most economic studies can be criticized for not
clearly describing the type of Lean intervention or omitting
costing from the analysis.

In a recent study that attempts to reduce hospital associated
infections in surgery departments, the authors adequately
describe the Lean improvements and claim a significant re-
duction in the average length of stay (from 45 days to 36
days) along with concomitant cost savings for hospitals.[22]

Unfortunately, there is insufficient evidence of sustainability
of the improvements and a dearth of information related to

economic analysis. Improta, Balato, Romano et al.[23] also
report a significant reduction of length of stay in their analy-
sis of Lean methods applied to the management of prosthetic
hip replacement surgery. These authors estimate an annual
cost savings of C260,000, but the costs associated with the
Lean interventions are not reported and the economic analy-
sis is not appropriately demonstrated.

One study that thoroughly describes the interventions and
accounted for the cost of Lean implementation reported a
36% reduction in length of stay, and estimated $1 Million
in annual return on investment.[24] Still, the study lacked
a control group, did not monitor or report on gains beyond
one year (in order to show that the benefits were truly sus-
tained), and hired an additional surgeon to increase surgical
performance at their facility.

The shortcomings of research in this area challenges aca-
demics and practitioners to more critically evaluate Lean
tools and activities. Indeed, Lean seems to permit the clear
identification of waste and the calculation of potential savings
perhaps more than other quality improvement methods.[16]

In this study, we aimed to systematically evaluate six RPIWs
conducted within surgical services at two hospitals along
with two respective control hospitals from both economic
and statistical perspectives. A key research question was,
“What are the economic benefits of Lean RPIWs?” A second,
but equally important question was, “Are the improvements
associated with Lean RPIWs sustained?” These questions are
of interest to health services researchers in terms of method-
ology, to healthcare leaders who are considering Lean imple-
mentations, and to Lean practitioners/healthcare staff who
must be selective in their efforts to justify the value of their
interventions.

2. METHODS

2.1 Context
This research was conducted at a large healthcare system
in British Columbia, Canada (henceforth referred to as the
Health System). All components of the study were con-
ducted in accordance with Research Ethics Board approval
(E2015.0112.003.02) and the Second Edition of the Tri-
Council Policy Statement: Ethical Conduct for Research
Involving Humans.[25] The Tri-Council Policy Statement is
a joint policy of Canada’s three federal research agencies to
promote the ethical conduct of research involving humans.
Given that this study utilized de-identified systems-level data
that is routinely collected in surgical services, patient con-
sent to review their medical records was not required by the
Research Ethics Board.

Like in many Health Systems, long wait times for elective
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surgery was an issue in this context, which prompted im-
provement interventions. Thus, a series of six RPIWs were
undertaken at two different hospitals (herein identified as
Site 1 and Site 2) between December 2013 and December
2014. Site 1 is a large tertiary facility with a total of 400
beds. This site is a teaching hospital that receives referrals
from across the health system. Site 2 is a regional hospital
with a total of 140 beds, and offers a full gamut of services,
including inpatient, surgical, and emergency services.

The RPIWs investigated in this study have several core el-
ements in every application: formal sponsorship by senior
healthcare leaders and support from internal Lean consul-
tants; eight weeks of pre-planning preceding each five-day
RPIW; Project Forms that outline the RPIWs; staff training in
Lean; Lean assessment activities (eg, value stream mapping,
process flow charting); improvement idea generation; sys-
tematic improvement trials using Lean tools, techniques, and
methods; measurement reports of improvement; and public
reporting/presentation at the conclusion of the RPIW.

The following is a brief description of the series of six RPIWs
conducted at Site 1:

• RPIW#1 (December 9-13, 2013) was designed to ad-
dress problems related to the flow of implants in the
operating room.

• RPIW#2 (February 17-21, 2014) addressed iden-
tifying, re-ordering, repairing, and re-assembling
broken/un-usable/missing surgical instruments.

• RPIW#3 (May 24-28, 2014) targeted operating room
change-over time.

• RPIW#4 (April 28-May 2, 2014) focused on the on-
time performance of the first case each day.

• RPIW#5 (May 26-30, 2014) examined processes upon
the patient’s arrival at the hospital on the day of
surgery.

• RPIW#6 (June 23-27, 2014) concentrated on pre-
surgical screening processes.

The RPIWs conducted at Site 2 were designed to address the
unique needs of the surgical department at this facility:

• RPIW#1 (December 9-13, 2013) examined the flow of
information within the pre-surgical screening office.

• RPIW#2 (February 17-21, 2014) focussed on the flow
of information and patients through the day-surgery
department.

• RPIW#3 (March 24-28, 2014) targeted the flow of
emergency surgical patients and the overall operations
of the surgery department.

• RPIW#4 (April 28-May 2, 2014) attempted to opti-
mize the preparation of the operating room schedule.

• RPIW#5 (May 26-30, 2014) intended to build on
RPIW#3 and further improve patient flow for indi-
viduals requiring emergency surgery.

• RPIW#6 (October 20-24, 2014) addressed complica-
tions associated with wound care.

The approach to conducting RPIWs in this health system was
very rigorous, using standardized components that have been
developed by leading health systems.[15] Full descriptions of
each RPIW are available from the authors.

2.2 The technical approaches of the study
The study consists of two types of analyses. One is eco-
nomic analysis in the form of the calculation of the Return
on Investment (ROI) rates at the intervention sites, where the
RPIWs have been implemented. As part of the investigation
of the cumulative effect of the RPIWs, statistical analyses
were also performed to examine process measures before
and after the RPIW interventions at Sites 1 and 2, and in
comparison to control sites (Sites 3 and 4, respectively). The
two types of analyses are described below.

2.2.1 Economic analysis
The specific conceptual framework underlying our economic
analysis or evaluation is the framework provided by Drum-
mond, Sculpher, Torrance, O’Brien, and Stoddart.[26] The
ROI analysis was performed for the cumulative effects of all
RPIWs for each site. The study was retrospective in nature,
and the data was extracted from data warehouses that store
routinely collected data.

RPIW costs. The process for obtaining costing data and
calculating costs associated with the RPIWs in this study is
similar to the meticulous costing analysis used by Sari, Rotter,
Goodridge, Harrison, and Kinsman.[27] For instance, exact
wage rates for each RPIW participant (and compensation
backfill) were tallied along with the estimates of employ-
ment benefits. To complete the elements required for the
ROI formula, the total costs of the RPIWs were tallied for
both Site 1 and Site 2.

Some indirect costs were not included in the costing calcula-
tions because they proved too difficult to quantify (eg, use
of meeting rooms), or because the costs were considered to
be part of daily operations (eg, post-RPIW staff time related
to implementing improvements and updating measurement
reports). Costs associated with originally introducing Lean to
the organization (such as training costs, materials, etc.) were
also not included, since the Lean program was established
long before this research was initiated. While other authors
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have omitted start-up costs in this sort of analysis, the net
cost savings may be overstated without accounting for these
factors.[28] Costing details for the RPIWs are available from
the authors.

RPIW benefits. To measure the cumulative effect of the six
RPIWs performed at each site, three process measures were
identified as quantifiable outcomes to be used for calculat-
ing the ROI: (1) surgical volumes, (2) overtime utilization,
and (3) sick time utilization. The rationale for selecting
these measures is as follows; if Lean is effective in removing
waste and improving efficiency, then we can expect to see
improvement in any or all of these areas. For example, if
we assume a causal relationship between the RPIW inter-
ventions and increased surgical volumes—and no resources
added to the service area—then the RPIWs could lower the
cost per surgery, resulting in cost reduction. If the monetized
benefit from lowered surgical costs exceeds the investment
in the RPIWs, a positive ROI could be realized. This out-
come would reflect an ROI in actual dollars resulting from
the RPIWs, and not some hypothesized future cost avoid-
ance as often reported in the literature.[29] This approach to
measuring RPIW benefits is consistent with the approach
to cost reduction through waste elimination as described by
Kaplan and Boyer.[30] Following this line of reasoning, in-
creased surgical volumes would also impact wait times for
elective surgery, which was a major driver for undertaking
improvement efforts in the Health System.

Similarly, if the RPIWs resulted in more efficient manage-
ment of surgical services, we could expect a reduction in
overtime utilization.[31] Lastly, if the RPIWs improved staff
experience and increased staff engagement through smoother
operations, we may expect to observe reductions in sick time
utilization.[32]

Calculation of ROI. An overall ROI calculation was per-
formed to examine the cumulative effect of all RPIWs at
Site 1 and Site 2. This analysis attempts to quantify any
benefits/cost savings resulting from the RPIWs in terms of
surgical volumes, overtime, and sick time utilization. In this
study, monetized benefits are expressed as cost savings re-
sulting from lower costs of surgery, overtime, or sick time.
Any monetized cost savings were compared to the costs of
conducting the RPIWs in order to determine whether the
benefits/cost savings exceeded the investments at each site.

To determine benefits/cost savings resulting from improve-
ments to surgical volumes, an average cost per case was
used. Estimates of the average cost per surgical case were
calculated from internal administrative data. The actual costs
associated with staff overtime and sick time were also used
in the ROI analysis. Overtime and sick time utilization data

included in this study represent all staff in the Operating
Room Departments excluding physicians/surgeons.

Three distinct time periods were defined for analysis in this
study: the period before the RPIWs were introduced (ie,
the pre-intervention period spanning December 2012 to De-
cember 2013), the period during which the RPIWs were
conducted (ie, the intervention period spanning December
2013 to December 2014), and the post-intervention period
(December 2014 to December 2015). Only surgeries per-
formed during regular operating room hours were included;
surgeries performed during evenings, weekends, holidays,
and emergent cases were excluded from the analysis. The un-
derlying hypothesis was that the average number of surgeries
performed at Site 1 and Site 2 would remain the same and
not systematically change following the RPIWs. However,
if efficiency gains resulting from the RPIWs permitted more
surgeries within normal operating hours, then cost savings
would be realized due to reduced costs per case.

2.2.2 Statistical analysis

To go beyond the deterministic ROI analysis, additional anal-
yses were conducted to statistically examine any observed
improvements in the process measures following the RPIWs.
The Interrupted Time Series (ITS) method was used to check
whether there had been any changes or interruptions in both
the level and slope of the process measures time series. The
ITS method uses the detailed information and disaggregated
data to examine any breaks in the structure of data. It is a
very reliable method for evaluating the effects of interven-
tions on health outcomes at the population level, especially
when time series data points are large enough, which is the
case in this study.[33–37]

The process measures were analyzed at the two intervention
hospitals (Site 1 and Site 2). They were also compared be-
tween the intervention hospitals and their matched (control)
hospitals in the same Health System (Site 3 and 4, respec-
tively). The control sites were selected according to pre-
specified organizational characteristics, such as number of
funded beds, types and volumes of procedures performed,
and the catchment areas served.

For the ITS analyses, a baseline linear model was fitted to
the data to estimate the initial level (intercept) and the slope
(gradient) in the process measures time series as follows (see
Equation 1):

Yt = C + Bt + ut (1)

where Yt is the process measure variable, C is the intercept,
B is the slope, and ut is a random error.
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The baseline model was then modified to allow for changes
or interruptions in the intercept as well as slope of the fitted
trend line during the intervention and the post-intervention
periods for capturing the effects of the intervention, if any,
as follows (see Equation 2):

Yt = (C + C1 + C2) + (B + B1 + B2)t + ut (2)

In this case, C1 and C2 represent the changes in the levels of

the process measure series (Yt) during the intervention and
post-intervention periods, respectively. B1 and B2 denote the
changes in the slopes of Yt for the two periods in the same
order. The estimated values of C1, C2, B1 and B2 are used to
measure the magnitudes of potential interruptions as a result
of intervention, and whether such interruptions or changes
are statistically significant. Positive values for C1, C2, B1
and B2 imply improved efficiency in surgical performance,
but decreased efficiency in sick time and overtime hours.

Table 1. Monitized results of the RPIWs
 

 

Pre-Intervention to Intervention Period 

Site Performance Metric  
Pre-Intervention Period 

(Dec 2012 to Dec 2013) 

Intervention Period 

(Dec 2013 to Dec 2014) 

Unit  

Difference 
Cost Savings* 

Total RPIW 

Costs 

1 Number of Surgeries 10,109 10,162 ↑ 53 $89,358 
 

 
End of Shift Overtime 4,150 3,607 ↓ 543 $22,629 

 

 
Sick Time 9,952 9,239 ↓ 713 $8,755 

 

  Site 1 Total     $120,742 $143,287 

2 Number of Surgeries 4,607 4,548 ↓ 59 -$61,006 
 

 
End of Shift Overtime 722 892 ↑ 170 -$7,975 

 

 
Sick Time 1,441 636 ↓ 805 $34,263 

 

  Site 2 Total     -$34,718 $146,954 

Pre-Intervention to Post-Intervention Period 

Site Performance Metric  
Pre-Intervention Period 

(Dec 2012 to Dec 2013) 

Post-Intervention Period 

(Dec 2014 to Dec 2015) 

Unit  

Difference 
Cost Savings* 

Total RPIW 

Costs 

1 Number of Surgeries 10,109 9,962 ↓ 147 -$259,161 
 

 
End of Shift Overtime 4,150 3,410 ↓ 740 $41,297 

 

 
Sick Time 9,952 10,249 ↑ 297 -$18,007 

 

  Site 1 Total     -$235,871 $143,287 

2 Number of Surgeries 4,607 4,674 ↑ 67 $69,211 
 

 
End of Shift Overtime 722 923 ↑ 201 -$12,914 

 

 
Sick Time 1,441 1,276 ↓ 165 $16,059 

 

  Site 2 Total     $72,356 $146,954 

Note. * Cost savings if: increase in surgeries, decrease in overtime, or decrease in sick time. Cost increases are reported as negative values. 

3. RESULTS

3.1 Results of ROI analyses
Table 1 contains the data used to calculate the ROI of RPIWs
conducted at the two intervention sites. The initial ROI
analysis was conducted between the pre-intervention and
intervention periods. Since most of the RPIWs were com-
plete half way through the intervention period, it was felt that
sufficient time had elapsed within the intervention year for
improvements to stabilize and yield results (if, in fact, they

were effective and successfully sustained).

The upper portion of Table 1 shows that there were 10,109
surgeries performed in the pre-intervention period as com-
pared to 10,162 surgeries in the intervention period at Site
1, an increase of 53 surgeries performed in the intervention
period. An average cost per case was used to calculate dollar
figures associated with the volume variability between the
pre-intervention period and the intervention period for each
site. The estimated average cost per case at Site 1 was $1,686,
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so the resultant net gain was $89,358.

For overtime, there were 4,150 hours logged in the pre-
intervention period versus 3,607 hours in the intervention
period, for a reduction of 543 hours and a cost saving of
$22,629. Sick time also decreased, from 9,952 hours in the
pre-intervention period to 9,239 hours in the intervention
period; with this difference of 713 hours, there was a cost
saving of $8,755.

The costs of conducting the six RPIWs at Site 1 was
$143,287, while cost savings totalled $120,742. The fol-
lowing formula was used to calculate the ROI (see Equation
3):

ROI(%) = $120, 742 − $143, 287
$143, 287 ×100 = −15.73% (3)

The results show the organization lost roughly 16 cents for
each dollar invested in conducting RPIWs at Site 1, after
accounting for the costs of the RPIWs.

At Site 2, there were 4,607 surgeries performed in the pre-
intervention period as compared to 4,548 surgeries during
the intervention period, a decrease of 59 surgeries performed
in the intervention period. With an average cost per case of
$1,034 at Site 2, there was a net loss of $61,006.

Overtime increased from 722 hours in the pre-intervention
period to 892 hours in the intervention period, which was an
increase of 170 hours with a net loss of $7,975. Sick time
decreased from 1,441 hours in the pre-intervention period
to 636 hours in the intervention period, for a cost savings of
$34,263.

To calculate the ROI, the costs of conducting the six RPIWs
at Site 2 ($146,954) is compared to the cost savings real-
ized (-$34,718). Thus, the ROI for Site 2 is as follows (see
Equation 4):

ROI(%) = −$34, 718 − $146, 954
$146, 954 ×100 = −123.63%

(4)

At Site 2, the organization lost about $1.24 for each dollar
invested in conducting RPIWs.

To explore whether the RPIWs may have produced an im-
pact over a prolonged period of time, data from the pre-
intervention period was compared to the post-intervention
period. The lower portion of Table 1 displays the data used
to conduct the ROI analysis between the pre-intervention

and post-intervention period for both sites. For Site 1, the
cost savings observed across the three process measures was
-$235,871. When compared to the costs of conducting the
six RPIWs, the ROI becomes (see Equation 5):

ROI(%) = −$235, 871 − $143, 287
$143, 287 ×100 = −264.61%

(5)

That is, the organization lost about $2.64 for each dollar in-
vested in conducting the RPIWs, when the ROI is calculated
between the pre-intervention and post-intervention periods.

For Site 2, the cost savings observed across the three pro-
cess measures was $72,356. The costs of conducting the
six RPIWs at Site 2 is the same as above ($146,954). Thus,
when pre-intervention period data is compared to the post-
intervention period, the ROI becomes (see Equation 6):

ROI(%) = $72, 356 − $146, 954
$146, 954 ×100 = −50.76% (6)

In other words, the organization lost approximately 50 cents
for each dollar invested in conducting RPIWs at Site 2, after
accounting for the costs of the RPIWs.

3.2 Results of statistical analyses: ITS results
We report here the results of ITS analyses where there were
apparent improvements in the process measures at the inter-
vention sites as indicated in Table 1. Since all three process
measures (surgical volumes, overtime hours, sick time hours)
showed improvement at Site 1, we report the correspond-
ing estimates in the three panels of Table 2, and present the
related ITS charts for these measures in Figures 1 to 3.

Our results in panel (a) of Table 2 reveal a small drop (-3.09)
in the level of surgeries and a small increase (0.005) in the
slope of the trend line during the intervention period. Also,
a smaller drop (-1.71) in the level of surgeries is observed
in the post-intervention period along with a very small flat-
tening of the trend slope. None of these interruptions are
statistically significant (p-values are much higher than 5%).
As for the pattern of end-of-shift overtime hours at Site 1,
no statistically significant change in either the level or the
slope of the trend line for overtime hours is observed in the
intervention period [see panel (b) of Table 2]. Notwithstand-
ing, a statistically significant drop in the level along with a
rise in the slope of the trend in overtime hours occurs during
the post-intervention period as reported in panel (b) of Table
2. Also, our results show no statistically significant interrup-
tions in the pattern of sick time hours during the intervention
and post-intervention periods [see panel (c) of Table 2].

6 ISSN 1927-6990 E-ISSN 1927-7008



jha.sciedupress.com Journal of Hospital Administration 2020, Vol. 9, No. 2

Table 2. Estimation results for patterns of process measures at Site 1
 

 

Parameter 

Panel (a) 

Surgical volumes 

Panel (b) 

Overtime hours 

Panel (c) 

Sick time hours 

Estimate (p-value) Estimate (p-value) Estimate (p-value) 

C (common level) 40.16 ( .000) 15.99 ( .000) 42.46 ( .000) 

B (common slope) 0.005 ( .432) -0.002 ( .826) -0.020 ( .161) 

C1 (level change) -3.09 ( .217) 1.14 ( .734) 0.643 ( .912) 

B1 (slope change) 0.005 ( .519) -0.006 ( .570) 0.004 ( .832) 

C2 (level change) -1.71 ( .666) -36.56 ( .000) 3.03 ( .741) 

B2 (slope change) -0.002 ( .811) 0.057 ( .000) 0.013 ( .522) 

R2  0.007 0.067 0.014 

F-statistic  1.10 ( .360) 10.46 ( .000) 2.19 ( .053) 

Number of observations 744 731 744 

Note. C1 and B1 refer to the intervention period; C2 and B2 refer to the post-intervention period. 

 

Figure 1. The patterns of surgical volumes at Site 1 over the three periods
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Figure 2. The patterns of overtime hours at Site 1 over the three periods

Figure 3. The patterns of sick time hours at Site 1 over the three periods
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To compare the process measures at the intervention Site 1
with its control site (Site 3), ITS analyses were applied to
the differences in these metrics between Site 1 and Site 3.
The patterns of the differences in process measures turned
out to be similar to those observed at Site 1. We report the
estimation results for these differences in Table 3.

As seen in panels (a) and (c) of Table 3, there are hardly any
interruptions in either the levels or the slopes of the trends

of differences in the surgical volumes and sick time hours
between Site 1 and Site 3 during both the intervention and
post-intervention periods, as none of the changes are statisti-
cally significant (see also Figure 4). However, statistically
significant interruptions occur for the overtime hours in the
post-intervention period. More specifically, we observe a
sizable decline in the level and a sizable increase in the slope
of the overtime trends [see panel (b) of Table 3].

Table 3. Estimation results for patterns of differences in process measures (Site 1 vs. Site 3)
 

 

Parameter 

Panel (a) 

Difference in surgical volumes 

Panel (b) 

Difference in overtime hours 

Panel (c) 

Difference in sick time hours 

Estimate (p-value) Estimate (p-value) Estimate (p-value) 

C (common level) 10.00 ( .000) 12.15 ( .000) 21.09 ( .000) 

B (common slope) -0.001 ( .912) -0.007 ( .459) -0.008 ( .636) 

C1 (level change) 2.33 ( .382) 2.15 ( .592) -9.04 ( .205) 

B1 (slope change) -0.008 ( .372) -0.008 ( .549) 0.020 ( .420) 

C2 (level change) 0.74 ( .861) -37.32 ( .000) 0.577 ( .958) 

B2 (slope change) -0.003 ( .698) 0.058 ( .000) 0.004 ( .849) 

R2  0.013 0.073 0.007 

F-statistic  2.01 ( .074) 10.59 ( .000) 1.12 ( .344) 

Number of observations 744 675 742 

Note. C1 and B1 refer to the intervention period; C2 and B2 refer to the post-intervention period. 

 

Figure 4. The patterns of difference in surgical volumes (Site 1 vs. Site 3)
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Figure 5. The patterns of surgical volumes at Site 2 over the three periods

Figure 6. The patterns of sick time hours at Site 2 over the three periods
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At the other intervention site (Site 2), surgical volumes and
sick time hours improved, but not overtime hours. For brevity,
we do not report the estimation results here. We found no
statistically significant interruptions in the levels or slopes
of the trends of surgical volumes at this site as a result of
the RPIW interventions for both the intervention and post-
intervention periods (see Figure 5). As for the sick time
hours, no statistically significant interruptions were observed
during the intervention period. However, the interruptions
in both the level and slope of the time trend for sick time
hours were relatively large in magnitude and statistically sig-
nificant in the post-intervention period. During this period,
the level dropped by 12.81, and the slope rose by 0.015. In
other words, we observe some off-setting interruptions in the
post-intervention period (see Figure 6).

We compared the patterns of surgeries and sick time hours
between Site 2 and its control site (Site 4), by applying the
ITS analysis to the differences in these measures between the
two sites. Our results revealed no significant interruptions in
the patterns of differences in surgical volumes between the
two sites in the intervention or post-intervention period. The
patterns of differences in sick time hours between the two
sites are somewhat similar to those found for sick time hours
at Site 2. More specifically, we observe a sizable drop in the
level, but a moderate increase in the slope of the trend only
in the post-intervention period. Both of these changes are
statistically significant. The related estimations and charts
are available from the authors.

4. DISCUSSION

The lack of reliable data associated with each particular
RPIW, coupled with the observation that individual RPIWs
did not produce a sustainable impact on the overall operation
of the entire surgical department, led us to direct our analy-
sis towards the cumulative effects of all RPIWs within each
site. This is consistent with previous research, which found
that efforts to improve individual components of the surgi-
cal process are unlikely to have substantive or sustainable
impact.[38]

The ROI rates calculated for the cumulative effects of the
six separate RPIWs at each of the two sites were found to
be negative, which not only implies that there was no return
on investment from the RPIWs but also part of the invest-
ment (as in Site 1 in the intervention period, and Site 2 in
the post-intervention period), or even more than the entire
investment (as in Site 2 in the intervention period and Site 1
in the post-intervention) was lost. Thus, we did not find any
quantitative evidence to claim that the outcomes justify the
investments.

In terms of the statistical results, the patterns of process
measures including the number of daily surgeries, overtime
hours and sick time hours as depicted in various ITS graphs
indicate a high degree of volatility in these metrics with no
apparent trends. Such daily volatility is to be expected as
the need for surgeries and end of shift overtime hours are
unpredictable. So is the occurrence of sick time hours among
the medical staff. This study aimed to find out if there are any
systematic changes or interruption in the patterns of process
measures as a result of the RPIW interventions, either in the
intervention period or in the post-intervention period. As
stated previously, we chose to focus on the measures that
appeared to have improved after the intervention as reported
in Table 1. Since all three process measures of surgical vol-
umes, overtime, and sick time hours showed improvement at
Site 1, we examined the potential interruptions in the patterns
of these measures at that site. We found no statistically sig-
nificant interruption in either the levels or the slopes for the
trends in surgical volumes and sick time hours as reported
in panels (a) and (c) of Table 2. But we did find statistically
significant changes in both the level and slope of the trend
for overtime hours only in the post-intervention period as
reported in panel (b) of Table 2. Nevertheless, the reduction
in the level of overtime hours were offset with the rising
slope of the hours trend, so much so that towards the end of
the post-intervention period the overtime hours stood higher
than the level before the intervention began (see Figures 1 to
3).

In order to check whether the patterns of the process mea-
sures at Site 1 differed from those at the control site (Site
3), we examined the potential interruptions in the perfor-
mance differences between the two sites. Consistent with
our previous results, we did not find any statistically signif-
icant interruptions in the patterns of differences in surgical
volumes and sick time hours for the two sites, but we did find
a significant drop in the level and a rise in the slope of the
difference trend for overtime hours in the post-intervention
period as reported in Table 3. Here too, the rise in the slope
offset the drop in the level, effectively bringing the overtime
levels back to the pre-intervention level (see Figure 4).

We found similar results for the second intervention site (Site
2), where both the surgical volumes and sick time hours
showed improvement. Our statistical results (not reported
here) indicate no significant interruptions in the daily surgi-
cal volumes in either the intervention or the post-intervention
period (see Figure 5). That is, the RPIWs do not appear to
have improved the surgical volumes at this site. For sick
time hours, our results do show statistically significant in-
terruptions (a drop in the level but a rise in the slope) for
the post-intervention period (see Figure 6). However, such
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off-setting interruptions have the net effect of increasing the
level of sick time hours at the end of the post-intervention pe-
riod above the level at the beginning of the pre-intervention
period—once again, showing no evidence of sustained im-
provement as a result of the RPIW interventions.

The ITS results comparing Site 2 with its control site (Site
4) echo the previous results. There are no statistically sig-
nificant interruptions in the differences in surgical volumes
between the two sites. Statistically significant drops in the
level of sick time hours both in the intervention and post-
intervention periods were offset by the rising slope of the
trend bringing the levels almost back to that in the pre-
intervention period.

Taken together, our empirical results indicate that the invest-
ment in RPIWs at two surgical sites in British Columbia
have had no positive monetary returns. Moreover, any ap-
parent improvement in productivity or cost saving did not
appear to be systematic or sustained over the intervention
and post-intervention periods.

5. CONCLUSIONS

In the final analysis, proving value for money is much more
difficult in the complex environment that is healthcare as
compared to manufacturing, where Lean emerged. As such,
our results challenge unsubstantiated claims of significant
financial benefits from Lean activities or similar quality im-
provement interventions.

There are a number of limitations that should be considered
with regard to this study. First, lack of reliable data pre-
vented a full economic evaluation a la Drummond et al.[26]

Therefore, our approach was a form of partial evaluation.

Second, since the RPIWs were not the only interventions at
the two sites, we cannot rule out the potential confounding
effects of other factors on the process measures. Accord-
ingly, we cannot claim a causal relationship between RPIWs
and performance outcomes. Third, although an attempt was
made to match the intervention sites with non-intervention
control sites, this matching could not completely prevent any
systematic bias, as there could be characteristics unique to
each site, such as other improvement activity that may have
impacted individual performance. Fourth, since it was not
feasible to analyze the surgeries by type or other patient-level
characteristics, this study is limited to a general analysis of
surgical performance.

While we acknowledge these limitations, we believe this
study makes a genuine contribution to the empirical litera-
ture on Lean-related interventions in healthcare, and surgical
service units, in particular. Owing to the amount of effort it
takes organizations to become competent at simply measur-
ing results at a basic level as opposed to achieving advanced
proficiency, perhaps it would be more prudent for healthcare
leaders to invest resources in encouraging organizations to
reach a basic or higher level of proficiency in measurement.
Not only would such an approach help to circumvent waste
produced by unsuccessful improvement projects, it could
also promote the building blocks of large-scale change.
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