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ABSTRACT

The Veterans Health Administration (VHA) Office of Systems Redesign and Improvement, in collaboration with the VHA
National Surgery Office and Veterans Affairs Center for Applied Systems Engineering (VA-CASE) - Veterans Engineering
Resource Center (VERC), conducted a national process improvement initiative in Fiscal Year 2012 to promote more effective and
efficient use of surgical unit resources. This improvement effort adopted a modified collaborative model with the incorporation
of symposia and Rapid Process Improvement Workshops (RPIWs) to address concerns from collaborative teams for a more
efficient surgical flow. Throughout the seven-month duration of the initiative, 20 teams participated and completed a total of 468
Plan-Do-Study-Act (PDSA) cycles to implement changes and improve performance levels in defined measures. At the conclusion,
on average, teams were able to improve performance on the first case on-time start rate by 24%, mean turnover time by 14%,
cancellation rate by 5%, and Operating Room (OR) utilization by 8%. The projected annual Cost Savings was estimated to be
nearly $25 million. This modified improvement model overcame some of the challenges experienced in a traditional improvement
collaborative model such as lack of clarity of clear roles and responsibilities of team members and clear and consistent aims. The
operations in surgical flow were improved in multiple ways to achieve overall better performance. Future improvement initiatives
have the potential to further enhance performance outcomes by focusing even more efforts on the preparation phase, increasing
team participation and leadership buy-in, utilizing on-going reports that track team progress and focusing on sustain and spread.
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1. INTRODUCTION
Surgical flow has been identified as a critical area that highly
impacts every work flow in a hospital. The operating room
(OR) is one of the most critical facility resources and one

of the most expensive[1] and as a result consumes a large
portion of a hospital’s funds.[2] In Fiscal Year 2012, the Vet-
erans Health Administration (VHA) completed over 395,000
surgical cases and spent more than 6 million hours conduct-
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ing surgeries with over 3 million intra-operative Work Re-
source Value Units (wRVUs) expended. Given the significant
workload generated by VHA surgical units, VHA National
Surgery Office (NSO) collaborated with the VHA Office of
Systems Redesign and Improvement (SR) to execute an im-
provement initiative with the objective of improving OR flow,
efficiency, and operations using core process improvement
(PI) methods. To achieve this goal, NSO and SR partnered
with the Veterans Affairs-Center for Applied Systems Engi-
neering (VA-CASE), for their PI and engineering resource
expertise, to conduct a process improvement initiative in
Fiscal Year 2012.

VA-CASE is an interdisciplinary Veterans Engineering Re-
source Center (VERC) located in the Midwest USA. This
center is built on a philosophy of “paired leadership” of
operational systems engineering faculty with VHA admin-
istrative and clinical management and staff. The focus of
this center is to employ strategies to accelerate integration
of operational systems engineering within VA healthcare
delivery systems in order to promote systems improvement.
VA-CASE leverages the significant operational systems engi-
neering, informatics and implementation science expertise
present within Veterans Affairs Medical Centers (VAMCs)
and affiliated academic partners to transform VHA healthcare
delivery systems.

The VHA Office of SR focuses on and deploys numerous PI
initiatives across VHA to improve patient flow and enhance
system effectiveness within the VA healthcare system. Some
of these PI initiatives are conducted utilizing a collabora-
tive improvement method modelled after the Institute for
Healthcare Improvement (IHI) breakthrough series.[3] The
IHI Collaborative model is a flexible approach that enables
participating teams to contribute different perspectives to
the improvement process. The VHA Office of SR has ap-
plied the IHI Collaborative model to optimize care quality
and efficiency in numerous hospital settings and related to
varying processes with encouraging results observed[4–8] and
continuing to be demonstrated.

The conceptual framework of the collaborative proposed by
VA-CASE was based on a “modification” of the IHI Collabo-
rative model using a pilot study consisting of 20 teams. Each
team represented one VAMC from each of 20 participating
Veterans Integrated Service Networks (VISNs) to address ar-
eas for improvement in ORs. The goal of the initiative was to
successfully enable multiple VISNs/VAMCs to collaborate
to improve processes, share strategies and lessons learned,
and focus on sustaining achievements and spreading strong
practices to other VAMCs within their respective VISNs.

In this paper, we present an overview of the traditional IHI

Collaborative model and the challenges raised by this model,
as well as introduce the modified Collaborative model pro-
posed by the VERC and piloted in Fiscal Year 2012. Ad-
ditionally, we will review the improvements achieved in
surgical flow using this modified model, the impact on par-
ticipating teams and lessons learned.

2. METHODS

2.1 Overview of IHI Collaborative model

The IHI developed the Breakthrough Series, a model for
health care facilities to achieve process and quality improve-
ment.[3] The series was designed to be conducted via collab-
orative learning and has contributed significant success to
participating teams.

Before the first Learning Session, a topic for the series is
selected and then subject matter experts in the relevant dis-
ciplines are recruited to assist in creating the Collaborative
framework and contents. After the Collaborative planning
is complete, IHI starts the acceptance of applications and
conducts pre-work conference calls with teams to help famil-
iarize them with Collaborative processes.

During the first Learning Session, the faculty presents the
ideal state of care in the selected topic, and the teams are
taught the Model for Improvement, or Plan-Do-Study-Act
(PDSA) cycles, to facilitate implementation of change ide-
als.[9, 10] The PDSAs enable multidisciplinary teams to inves-
tigate quality problems, develop and implement small scale
changes, measure the effects, and make various changes
that improve a specific process.[11] There are two additional
learning sessions that succeed the first, which allow teams to
share success stories, exchange ideas, and discuss barriers.
Between each Learning Session, there is an Action Period
during which teams test and implement change ideas locally.
The achievements are measured and documented at the con-
clusion of the Collaborative for the expansion of knowledge
to other health care systems.

Although the IHI Collaborative model expresses achievement
in various objectives, there are several challenges identified
by the Collaborative teams.[12] Teams come to the first Learn-
ing Session without full preparation, clarification of roles
and responsibilities, agreed upon aims, and/or an understand-
ing of the improvement methods. Additionally, teams seek
management involvement/support from senior management,
however it is not always guaranteed. Senior management
involvement/support has been identified as one of the key
elements to the success of teams[13–15] and is significantly
associated with the degree of quality improvement imple-
mentation.[16]
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2.2 Modified Collaborative model
In an attempt to address the challenges in the literature of
implementing an IHI Collaborative model, the Modified Col-
laborative (see Figure 1) placed great emphasis on 1) clearly
defining objectives and allocating organization resources;
2) defining roles of team members and expectations for Col-

laborative participation; 3) team building and preparation
for the Collaborative, including senior leadership involve-
ment; 4) mutual learning versus teaching; 5) measurable and
achievable targets; 6) the ability to address data and change
challenges; and 7) sustainability.

Figure 1. Modified Collaborative model

The following are key components of the Modified Collabo-
rative model:

(1) Pre-work: Activities encouraged teams to collect as
much information about their current processes as pos-
sible and identify improvement opportunities before
Symposium 1 (Learning Session 1). This better pre-
pared them for PI activities and addressed challenges
of team formation, resource allocation, and ambiguous
aims. Therefore, time was more efficiently spent on
the PDSA cycles during site visits which followed.

(2) Symposia: Conducted virtually which reduced the
need for travel. Hence, more people were able to
participate in the Learning Sessions and support the
spread of PI ideas which enhanced the buy-in of all
members to resolve issues related to disagreements on
aims, for example. This also eliminated miscommu-
nication concerns that occurred when travelers trans-
ferred contents of the Learning Sessions to their “home
team” colleagues.

(3) Rapid Process Improvement Workshops (RPIWs): The
local RPIWs established teams’ understanding of the
PI methods by testing change ideas. Rather than just
learning the concepts, this understanding of the appli-

cation of methods and interpretation of change con-
cepts enables teams to expand the achievements in the
future.[12] Additionally, the on-site support of coaches
and improvement experts (i.e., systems redesign advi-
sor and data analyst) helped break down barriers and
address problems encountered during pilot tests.

(4) Duration of Action Period: In the Modified Collabora-
tive model, each Action Period lasted for two months.
The quick cycle time motivated and placed pressure on
teams to achieve their aims. The quick cycle time also
reduced the chances of team changeover and prevented
a loss of focus resulting from long improvement cycles.
In addition, the two Action Periods were intended to
tackle separate problems rather than the same set of
aims as in the IHI Collaborative model.

(5) Leadership Involvement: VISN and facility leader-
ship was essential to the success and sustainability of
the Surgical Flow Improvement Initiative (SFII). As
a method to secure critical support from leadership,
before the start of the SFII, the Executive Leadership
Teams at the Medical Center level and VISN Surgi-
cal Workgroups were asked for their commitment and
support of the project through a formal endorsement
process.
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During the Pre-work phase, core teams were formed and
required to set aim statements, allocate resources, collect
baseline data, and identify major issues, barriers, and PI
opportunities. Each team was composed of front-line staff
(i.e., surgeon representative, OR scheduler, OR nurse man-
ager, and anesthesia lead) and improvement experts (i.e.,
systems redesign/improvement advisor and data analyst) to
ensure that both clinical expertise and process improvement
knowledge were present for valid and effective implementa-
tion of changes. A variety of tools were provided to assist
teams, and to teach PI basics, including process mapping and
lean concepts. Data collection routines were implemented
to extract required data. Outcomes from the pre-work phase
included the creation of a surgical flow value stream map, es-
tablishment of baseline data, identification and prioritization
of problems in current surgical flow, and a project charter.

The primary components of the PI initiative lasted approx-
imately seven months and consisted of two virtually con-
ducted Symposia (similar to the Collaborative Learning Ses-
sions). Between the Symposia, each team conducted two
RPIWs, each lasting one week. The RPIW’s are in-depth
applications of Lean tools to assess the current state of a
process and redesign current processes to meet specific im-
provement objectives.[17] Action Periods were conducted
after each RPIW. During the Action Periods, teams imple-
mented changes and collected data during the two RPIWs
supported by VERC industrial engineer (IE) coaches and fa-
cilitators who traveled to the local sites to support the teams.
External facilitation and involvement of VERC IEs to serve
in coaching roles when they were assigned to facilitate the
local RPIWs through face-to-face meetings and to engage
with the sites during the weekly calls and virtual Symposia
throughout the course of the initiative[18] were key features
in the modified Collaborative.

During the one-week on-site RPIW event, coaches and IEs
provided on-site support customized to the organization of
the environment to help the teams identify the most effec-
tive PDSA cycles and prioritize the implementation plans to
achieve the maximum amount of improvement. The change
ideas were tested on a small scale for teams to practice the ap-
plication of tools and gather an understanding of the impact
of the changes for future planning. Multiple PDSA cycles
were initiated to cover as many opportunities as possible.
PDSA cycles not completed during the RPIW week were
completed during the implementation phase that followed.
Other key activities that occurred included weekly/biweekly
calls of the core team, development and implementation of
action plans, data collection and analysis, and preparation
of routine progress reports summarizing the results of the
implementation of changes.

2.3 Data collection
In order to evaluate PI initiatives and enable data-driven
decision making,[19] carefully planned data collection and
analysis were essential. Based on the guidelines from the
VHA Surgical Flow Improvement Initiative Handbook,[20]

the planning group identified four national measures to
track teams’ performance over the period of implementation:
1) percentage of OR first case on-time starts, 2) mean
turnover times (also referred to as “lag time between cases”
and measured as “wheels out” to “wheels in”), 3) OR uti-
lization and 4) case cancellation rate. Other supporting mea-
sures include “wheels in” to incision, staff overtime, and
delay in post-anesthesia care unit (PACU). To accommo-
date differences among facilities, the modified collaborative
also encouraged teams to identify their own measures to ad-
dress specific problems. In order to facilitate data collection
and analysis, teams used two standardized data collection
systems, both designed using Microsoft Excel, to measure
performance and evaluate the success of SFII: 1) OR perfor-
mance measurement tool and 2) Cost Savings Tool.

2.3.1 OR performance measurement tool
The OR performance measurement tool provided the teams
with a mechanism to measure and track changes. Teams
extracted data through standardized data collection routines
at the end of each month. IEs generated performance reports
and discussed the team’s progress towards their set aims
during their weekly call. The main components of the mea-
surement tool included raw data sets (i.e., case information
and staffing data), site information (i.e., OR settings), and
trend reports (see Figure 2).

The reports consisted of tables and run/bar charts that mon-
itored the baseline, the impacts of PDSA cycles, and the
current state. Based on the information from the reports, the
teams and IEs identified the problems with current processes
and defined improvement opportunities.

2.3.2 Cost savings tool
A Cost Savings tool was designed to provide a simplified
means for generating an estimate of the potential financial
impact from improvements made during SFII Fiscal Year
2012. Figure 3 outlines the data collection process, the Cost
Savings summary tool and the assumptions applied as IEs
worked with each team to generate reports based on financial
data. This includes data provided by the VAMC OR settings,
baseline performance and targets, costs of RPIWs (e.g., pilot
implementation costs, labor costs, and training costs, etc.),
implementation costs (e.g., additional staffing and costs of
each PDSA cycle), and costs of regular OR operations to cal-
culate the Cost of Poor Quality (COPQ), as well as costs and
financial benefits of making changes. The COPQ includes
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costs from under-utilized OR time, delay of first cases, pro-
ductivity loss from turnover, and staff overtime. Based on the
aims of teams, potential cost savings were calculated as the
reduction in COPQ through meeting targets. Some assump-
tions were made for the Cost Savings analysis: 1) average
hourly OR labor cost was $45; 2) 1 minute OR overhead cost
was $30; 3) RPIW impact on OR utilization, if not provided
by each site, assumed to be 1%-2% increase; and 4) during
the implementation period, teams spent 2-3 hours per week
for 8 weeks on PDSA cycles. These assumptions were calcu-
lated from conservative averages of actual numbers reported
by the individual facilities. Figure 2. The navigation tab of OR performance

measurement tool

Figure 3. Cost Savings tool summary page, data collection process and assumptions

Using the information discussed above, the Cost Savings
was calculated by combining two approaches, calculating
the hard and soft saving and then subtracting the actual costs
from the total savings. The hard saving were calculated by
totaling the decrease in supplies, equipment and emergency

shipping costs plus the savings from a decrease in overtime
while the soft saving or Costs of Poor Quality were calcu-
lated by using the unit saving for each of the OR Efficiency
measures times the net change for each measures. For exam-
ple, the savings for the OR Efficiency Index measure called
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Staffed OR utilization was calculated by multiplying the net
additional minutes utilized times the OR overhead costs per
minute times the number of ORs per facility. Totaling the
Staffed OR utilization savings for all of the participating facil-
ities resulted in the largest category of savings, $17,432,000
found in Table 1. The costs were calculated by adding the
labor costs for the hours that each team dedicated to this
effort plus training, supplies and other direct expenses.

Table 1. Projected cost savings summary
 

 

National Metrics/Other Improvements Cost Savings Estimate 

Staffed OR utilization  $17,432,000 

Operating room first case on-time starts    $2,029,173 

OR Turnover times   $3,032,467 

Cancellation rates      $995,000 

Delay report      $710,000 

“Wheels in” to incision      $391,000 

VISN 21: Patient wait time for first case      $174,000 

VISN 18: Timely discharge from PACU      $157,000 

VISN 4: Patient Transportation        $38,000 

TOTAL $24,958,640 

 

3. RESULTS
In total, 20 teams joined SFII and 40 RPIWs were completed.
There was a total of 468 PDSA cycles, and the breakdown of
PDSA by each measure can be seen in Figure 4.

Each facility implemented between three and 37 PDSA cy-
cles. As expected, as teams became more comfortable with
PI tools, more PDSAs were conducted in RPIW 2 (n = 273)
vs. RPIW 1 (n = 195). The majority of the teams worked on
PDSAs aligned with the national measures; however, some

teams also focused on other PDSAs (see Figure 5).

Nine teams worked on OR first case on-time starts (see Figure
6) and 67% (n = 6) of teams showed significant improve-
ment. Overall, there was an average relative improvement of
24%. While the most successful facility had relative improve-
ment, there were some teams that either retained the same
performance level or performed lower than their baseline.

Sixteen teams aimed to reduce the mean turnover times (see
Figure 6) and 63% (n = 10) of the teams showed decrease in
their mean turnover time. While a few teams did not realize
improvements, overall the average relative improvement was
a 14% reduction in turnover time.

Eight teams focused on improving OR utilization (see Figure
6), with 75% (n = 6) of the teams realizing an improvement
in utilization, with the average relative improvement of all
teams being 8%.

Six facilities attempted to reduce case cancellation rates (see
Figure 6), with 50% (n = 3) of the teams successfully reduc-
ing case cancellation rates, and the average relative reduction
of all teams at 5%.

The projected annual estimated Cost Savings was nearly
$25 million (see Table 1). As a majority of teams worked on
the core national measures, they also generated additional,
qualitative benefits. Most of the financial savings was de-
rived from the improvement in OR utilization ($17,432,000).
Although the potential savings from PI varied from “aim” to
“aim” statements, the overall savings were greater than the
costs of making changes, generating a positive overall Cost
Savings.

Figure 4. Summary of PDSA by National Measures

52 ISSN 2377-7338 E-ISSN 2377-7346



http://ijh.sciedupress.com International Journal of Healthcare 2017, Vol. 3, No. 2

Figure 5. Trend of PDSA across RPIW 1 and RPIW 2

Figure 6. Summary of Metrics

4. DISCUSSION

The modified collaborative model adopted for the SFII suc-
cessfully enhanced the OR performance of participating
teams and generated significant cost savings through better
operating efficiency. This model resulted in improved first
time starts, decreased turnover time, decreased cancellation
rates and improved OR utilization. Although not specifi-
cally analyzed, the purpose for increasing OR utilization was

intended to increase the number of surgical procedures to
be scheduled and performed in the OR thereby decreasing
patient wait time for surgery, decreasing patient referrals to
another health care system, and improving overall patient
and staff satisfaction.

Figure 6 supports the expectation that there will naturally be
differing levels of improvement outcomes due to the inherent
variance of different teams and facilities.[15, 21–25] We were
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able to identify similarities among successful teams such as
active participation, following guidelines, and on-time task
completion. Regarding those facilities who had a drop in
performance on some of the measures following the interven-
tion period, this can be explained by natural occurrences in a
dynamic system such as purchase order delays, teams facing
challenges as PDSAs were implemented, staff shortage (e.g.,
away for training or delays in hiring new staff), arrival of
new residents, or staff turnover which could cause a change
in prescribed treatment.

The Cost Savings tool was essential to aim selection and
provided a standard process to determine which areas of im-
provement would potentially produce the most cost savings
if the PI efforts were sustained. By projecting the finan-
cial benefits, the approach to Cost Savings calculation also
helped to justify obligating staff time to the PDSA cycles and
encouraged the teams to sustain and spread the achievements.

Feedback gathered from the teams indicated that they felt
the staff were well trained and knowledgeable and were able
to lead them down the right path for improvement. They
suggested shortening the RPIWs to less than a week and
possibly completing more of them. In addition, the teams
indicated that they would appreciate even more pre-planning.

Transferability and limitations
This paper describes how the combined efforts of organi-
zational structures in the VA designed to promote and sup-
port facility improvement capability (i.e., the VERC and the
System Redesign and Improvement office), the NSO and
local teams resulted in significant improvement in OR per-
formance. Among some this may beg the question: is this
approach transferable to community or academic hospitals
who may not have the type of support for local teams that the
VA sites did? We would submit that while the organizational
infrastructure elements certainly provided the expertise and
focus for large multi-center improvement, the tools and tech-
niques used to foster process and performance improvement
at the local level are certainly reproducible on a smaller scale.
The principles of using PDSA approaches, flow-charting
processes and assessing the value streams associated with
them, constructing teams of stakeholders in the processes,
performing “deep dives” or RPIWs, deciding on applicable
measures and targets, and garnering leadership support are
all local level functions that could be replicated at individual
hospitals. The success of such a local effort would certainly
be enhanced by the availability of a local improvement pro-
fessional (e.g., Lean Black Belt or equivalent), but even in
the absence of one, could be accomplished by a motivated
group with review of freely available improvement literature,
including some of the references included at the end of this

paper.

Future research into the approaches used for OR performance
improvement could focus on such smaller scale approaches
and what the most fruitful modifications to our larger-scale
effort might entail. Other areas of interest might include
the sustainability of the improvements made in performance.
Improvement methodology typically addresses sustainability
and spread of improvements with techniques that include
run-charts and commitment by teams to periodically review
performance. These reviews are usually at predetermined in-
tervals designed to allow for timely interventions in the event
of performance deterioration. One of the biggest challenges
in improvement science is the entropy that accompanies a
process improvement over time.

5. LESSONS LEARNED
There was an assortment of factors associated with less suc-
cessful teams, such as disorder amongst the numerous de-
partments in the complex workflow of the OR, changes not
affecting system performance as expected, and lack of pre-
vious experience with process improvement. The lack of
leadership support resulted in a shortage of resources and
failure to sustain achievements or teams not being able to im-
prove their metrics in this project. These challenges hindered
teams, making them less effective from achieving success
during the Collaborative.

While the modified collaborative model was designed to ad-
dress many of the challenges teams experienced in applying
the IHI model to previous PI projects, we identified the fol-
lowing lessons learned to further develop and improve future
improvement initiatives:

(1) Pre-planning
Teams that did not complete tasks during pre-planning
struggled with the preparation of the improvement ini-
tiative. Therefore, time during the RPIW event week
was spent defining problems and establishing perfor-
mance baseline rather than completing implementa-
tion plans and testing change ideas. This resulted in
reduced achievable improvement.

(2) RPIWs
Teams that failed to finish all the planned work of
RPIWs faced problems later due to incomplete project
charters, detailed implementation plans, and/or results
of pilot tests of some of the change ideas. This ad-
versely impacted the effectiveness of PDSA cycles
because the project scope and implementation plans
required continual modifications.
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(3) Implementation
If IEs did not establish strong and trusting relation-
ships with the teams, the teams would not be open
to communicate obstacles and tended not to submit
deliverables on time to receive timely feedback and
guidance. Moreover, teams with poor internal trust
and communication had difficulty tracking progress
and struggled to deliver improvement results.

(4) Leadership Involvement
The teams that lacked facility leadership support and
pressure to progress did not always implement changes
and did not always consider improvements as an inte-
gral part of their daily work. Alternatively, the teams
whose facility leadership provided support and empha-
sized progression observed more successful outcomes
than the teams whose leadership was less or minimally
involved.

After the completion of the collaborative, an important final
step was the success of sustainment and spread efforts. Those
teams with more successful sustainment and spread experi-
enced stronger facility leadership support, met regularly to
identify barriers and analyze data, and utilized the tools given
during the collaborative. Barriers to successful sustainment
and spread were lack of leadership support, not monitoring
data regularly or meeting regularly, and not following the
provided sustainability plan.

The offices of SR, NSO, and VA-CASE took all of these
lessons learned into consideration when planning and carry-
ing out a subsequent SFII in Fiscal Year 2014-16 to sustain
and spread efforts.[26]

6. CONCLUSION
Although there were challenges during the modified collabo-
rative, teams were able to improve operations in surgical flow
by enhancing first case on-time start, mean turnover time,
cancellation rate, and OR utilization while observing a posi-

tive Cost Savings and overcoming challenges experienced in
a traditional IHI collaborative model. To lay foundation for
success for future SFII, it is strongly recommended that the
teams are monitored to follow guidelines and complete pre-
planning work, finish all planned RPIW work, and complete
checklist tasks. It is also recommended to secure facility lead-
ership support of the improvement initiative and establish
an initial rapport between IEs and the facility improvement
team focusing on trust and communication. Following these
recommendations, future implementation of PI in surgical
flow should observe fewer barriers to success and more out-
standing improvements in surgical flow.
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