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Improving the Utilization of
Catheterization Labs at Scottsdale
Healthcare

Scottsdale Healthcare (SHC), located in Scottsdale,
Arizona, is a leader in cardiovascular medicine,
trauma, radiology, and neurosurgery, and has been
recognized for its commitment to nursing excel-
lence. With three hospital locations and approxi-
mately 800 beds, it provides emergency, inpatient,
and outpatient surgery and diagnostic imaging. SHC
had previously implemented lean principles to mini-
mize “waste” in its cardiac catheterization labs (cath
labs). However, utilization remained low, and over-
time cost and patient waiting times were rising. To
address these issues, cath labs teamed with the Cen-
ter for Productivity, Innovation and Quality at Ari-
zona State University. We analyzed demand patterns
using data from the busiest months of the year and
used simulation to model the cath labs daily opera-
tions at one of its locations. We used parametric anal-
ysis on key scheduling decision variables to identify
near-optimal scheduling alternatives. We also consid-
ered the option of patient rescheduling. Our analy-
sis demonstrated the potential for a reduction of 90
percent in overtime costs and an increase of 25 per-
cent in average utilization. SHC implemented our rec-
ommendations and realized significant improvements
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in utilization, overtime, and patient delay. Further-
more, additional savings are possible when it imple-
ments similar recommendations to cath labs in other
locations.

Analysis of Current Approach and
Methodology for Improvements

Cath labs have high fixed costs, mainly because of facil-
ity costs and staff salaries. Scheduling for such valu-
able and often limited resources is a critical task that
hospitals face daily. To address this, we used simula-
tion to model the cath labs patient flow. We collected
information on the facility, capacity, patient arrivals,
and procedure durations through direct observation,
interviews, and analysis of procedure logs. We identi-
fied three types of patients: (1) Elective—outpatients
requesting a procedure approximately two weeks in
advance; (2) Urgent—inpatients whose procedures
must be completed within one day of the request; and
(3) Emergent—Emergency Department (ED) patients
who require immediate processing. Emergent patients
are assigned to the next available lab and supersede
the case that had been previously scheduled for that
time. SHC was using block scheduling, with 120 min-
utes allocated to each case.

We found three problems with SHC’s schedul-
ing approach. First, utilization was low because
most cases did not require 120 minutes. Second,
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patients were experiencing long waiting times. Third,
staff often had to work overtime. These problems
occurred either because emergent cases arrived ran-
domly or procedure-related variations affected case
durations. The hospital did not reschedule patients
because rescheduling depends on physician avail-
ability; however, it was willing to consider this
option and negotiate with the physicians. There-
fore, our models included both patient rescheduling
and no-rescheduling options, and we compared the
outcomes.

Performance Evaluation and Parametric
Analysis of Our Recommendations

The facility under study has multiple labs; we devel-
oped an initial schedule for elective and urgent cases
by allocating time blocks of equal length to all cases,
and allocated nonoverlapping breaks for the labs to
ensure that at least one lab was operational at all
times during the day. We adjusted the schedule in
three ways to provide a safety cushion because of the
case-duration uncertainty and the arrival of emergent
cases. First, for each scheduled case, we allocated a
time window that is larger than the historical aver-
age of case durations. We also added small buffers to
the time allocated to each lunch break to minimize
spillover of morning delays to the afternoon schedule.
We selected the size of the time windows and buffers
after thoroughly analyzing possible sizes. We explain
this in detail below. Finally, we added a buffer at the
end of the day to accommodate process overflows and
decrease the possibility of overtime. We also consid-
ered the option of rescheduling inpatients to the end
of the day to avoid extreme waits. A patient might be
rescheduled if an emergent arrival takes up her or his
scheduled block or when the patient has been waiting
for “too long” (as determined by the management).
To maintain service quality and patient satisfaction,
we allowed only one rescheduling per patient.

To determine the performance of our approach,
we conducted a discrete-event simulation-based para-
metric analysis. We used time-block length L, patient
waiting time before rescheduling W, and lunch
buffer B as quantitative factors, and the decision to
reschedule patients (or not) as a qualitative factor. The
duration of a time-block L is based on percentiles of

the historic case duration. The percentiles we used for
our analysis ranged from the 55th to the 95th. For the
waiting time before rescheduling W, we considered
five levels: 30, 40, 50, 60, and 70 percent of the time-
block L. Finally, we set the length of the buffer B at 30
and 45 minutes. We developed 120 (10%5%2 =100 for
rescheduling; 10 %2 =20 for nonrescheduling) exper-
iments, and evaluated the results based on the total
waiting time and the total cost of overtime and under-
utilization. We calculated overtime cost as (overtime
salary * total overtime) and underutilization cost as
[(1 — utilization) * regular staff salary], and defined
patient waiting time as max{0, (actual start time —
scheduled start time)}. Figure 1 shows the results.

Each point in the graph represents a combination of
the three quantitative factors, i.e., L, W, and B. Time-
block L ranges from 70 to 100 minutes; the buffer time
B is noted in parentheses. It becomes clear that allocat-
ing more (less) time per case results in shorter (longer)
patient waiting times; however, the cost of underuti-
lization and overtime both increase (decrease). We use
Pareto-optimal analysis to optimize both waiting time
and cost. On the graph, the ideal solution that mini-
mizes both objectives is the point closest to the origin.
However, because we must also consider manage-
ment concerns, such as target waiting times, we create
an efficiency frontier by connecting the clusters that are
closest to the axes. We omit suboptimal combinations
(below the 60th and above the 90th percentiles) for
simplicity. The remaining points on the efficient fron-
tier illustrate the basic trade-off between waiting time
and cost; thus, management can use this analysis to
formulate an educated strategy.

Comparison with Historical
Data and Impact

Based on this analysis and discussions with stakehold-
ers, we recommended the allocation of 90 minutes per
case and the use of 30-minute buffers. Using historical
data for the eight busiest weeks in 2007, we evaluated
the performance of our schedule. From an operational
perspective, our recommendations would increase
the average utilization by 26 percent and dramati-
cally reduce the total overtime from 2,738 minutes
to 297 (with rescheduling) or 201 (without reschedul-
ing), a reduction of approximately 90 percent. The
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Pareto analysis
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Figure 1: This graph illustrates our analysis of cost vs. waiting time, with and without rescheduling.

annual savings would be $58,263 with rescheduling
and $60,036 without rescheduling. In addition, using
the proposed parameters, all recorded cases could be
completed in fewer days, effectively increasing the
available capacity of the labs.

In January 2008, the cath labs at SHC applied our
recommendations. Following the implementation, we
collected data for the same eight-week period in 2008
and reevaluated the performance. When we com-
pared these two sets of data, we noticed that the aver-
age case duration in 2008 was slightly less than in
2007 and that process variation was also less, prin-
cipally because of a reduction in physician lateness.
Hence, utilization improved by 21 percent and over-
time decreased by approximately 71 percent. This
resulted in actual savings of $5,552 over the eight-
week period, and projected annual savings of $36,088.
Based on the improvements that SHC realized in 2008,
we extended our study to include cath labs in other
facilities. Overall, the study indicates that a sensible
adjustment of the time allocated to each case and the
addition of small buffers to allow for uncertainty and

variation can improve performance, reduce cost, and
significantly decrease overtime. Furthermore, these
findings can be applied to cath labs and other parts
of hospital operations that also use block scheduling,
allowing them to also achieve significant improve-
ments and cost savings.
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