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Economic considerations suggest that it is desirable to
keep operating rooms fully used when staffed, but the
optimum utilization of an operating room (OR) is not
known. We created a simulation of an OR to define op-
timum utilization. We set operational goals of having
cases start within 15 min of the scheduled time and of
having the cases end no more than 15 min past the

scheduled end of the day. Within these goals, a utiliza-
tion of 85% to 90% is the highest that can be achieved
without delay or running late. Increasing the variability
of case duration decreases the utilization that can be
achieved within these targets.

(Anesth Analg 2003;96:1114–21)

E xtensive operating room (OR) utilization is a goal
of OR directors and hospital administrators. Un-
fortunately, the optimum level of utilization is

not well defined, nor is it clear what tradeoffs are
required to achieve optimum utilization. We sought to
identify those factors that influence optimum utiliza-
tion. The purpose of this article is to use a simple OR
simulation to enumerate the important factors that
must be considered in determining optimum
utilization.

The classic definition of OR utilization is the sum of
the time it takes to perform each surgical procedure
(including preparation of the patient in the OR, anes-
thesia induction, and emergence) plus the total turn-
over time, divided by the time available (1,2). As an
example, if the average “patient in to patient out” time
for a herniorrhaphy is 45 min and the average turn-
over time is 15 min, then 10 herniorrhaphy cases can
be performed in a 10-h period in that OR, for an OR
utilization of 100%. With this definition, if cases ex-
tend beyond the scheduled end of the day, the time
used after the scheduled end of the day is counted as
utilization, even though the hospital may be paying
overtime to provide the staffing.

Strum et al. (1) defined the concepts “overutiliza-
tion” and “underutilization.” Underutilization is de-
fined as time during the scheduled hours of operation

that is not used, and overutilization is defined as the
time used by scheduled cases past the end of the
scheduled time. With these concepts we can estimate
the economic efficiency of an OR suite, as described in
Methods.

The standard definition produces the actual utiliza-
tion—the time that is actually used. Because it is nec-
essary to know the actual case times to perform the
calculation, utilization can never be known in ad-
vance. In this analysis, we also refer to the scheduled
utilization, that is, the predicted utilization obtained
when cases are scheduled.

To define what happens when utilization becomes
excessive, consider one OR that is currently scheduled
with inadequate utilization. We are asked to schedule
additional cases, even if “overbooking” is necessary.
As additional cases are added, a point is reached at
which the expected case times go beyond the sched-
uled end of the day, thereby exceeding the allowed
utilization. To schedule more cases, either the sched-
ule can be allowed to extend beyond the end of the
day, or the expected duration of each case can be
arbitrarily shortened and more cases squeezed into the
allotted time. Although these manipulations may re-
sult in maximum scheduled and actual utilization, the
schedule may run late, and some cases may start later
than scheduled. The ability to increase utilization,
therefore, appears to be limited ultimately by the de-
gree to which the schedule is allowed to extend be-
yond the end of day and by the delay that patients are
asked to assume.

Other factors may also affect utilization. One is case
duration. It is easy to see that shorter cases are easier
to fit into a schedule than longer cases, because the
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remaining time available for scheduling may not ac-
commodate a longer case. If 1 h remains unbooked
and a 2-h case needs to be scheduled, either the case
must be allowed to run over by 1 h or the 1 h is left
empty. Dexter et al. (3,4) have discussed strategies to
ensure maximum scheduled utilization.

Variability of case duration also makes it difficult to
predict actual utilization. Even for straightforward,
common operations, actual case time is uncertain.
Each patient is different, and the actual time for a
given operation cannot be predicted. This fact means
that in a series of cases that are scheduled to follow,
the actual start time of cases after the first case cannot
be determined in advance.

To examine how factors such as case duration and
the variability of case duration affect actual OR utili-
zation, we created a computer simulation of a simple
OR. Within this simulation, operational goals can be
defined and the effect of case variables examined. To
appeal to surgeons and patients, the OR has to run on
time, and to keep costs down, it has to be efficient,
with maximum utilization and few overtime salary
costs. Thus, we defined the goals of this simulated OR
to be that cases should start within 15 min of the
scheduled start time and that the last case should
finish within 15 min of the scheduled end of the day.

Methods
We started with the simplest situation: one OR per-
forming the same procedure repeatedly. In develop-
ing the simulation, we made several assumptions. The
OR has defined hours of operation, from 7:15 am until
5:30 pm, and there are no emergencies. Case duration
varies from case to case and is described as a proba-
bility distribution. The scheduled start time of each
case is limited by patient arrival; therefore, cases can-
not start earlier than scheduled.

To create the model, we used data from the ORs of
the Children’s Hospital of Philadelphia. The times for
all cases of adenoidectomy with or without tonsillec-
tomy (T&A) for the period January 1 to June 30 1999
were collected. A software program (Arena; Rockwell
Automation, Milwaukee WI) was used to find a the-
oretical distribution that could best fit the collected
real data. More specifically, Arena is able to identify a
statistical distribution and its variables so that the
square error value of the distribution and histogram,
which is a measure of the quality of the distribution’s
match to the data, is minimized. The best fitted distri-
bution is a log-normal distribution with a mean case
duration of 48 min and an sd of 15 min. To take into
account the size of the sd in relation to the magnitude
of the case times, we used the coefficient of variation,
which is defined as the sd of the case time divided by
the mean.

Using these case times, we created an OR simula-
tion. Cases in the simulated OR were scheduled on the
basis of a mean case time of 48 min with a turnover
time of 20 min; that is, the next case was scheduled to
start 20 min after the previous one finished. Initially
we studied days with a utilization of approximately
50% and determined the start time for each case after
the first one for the day. We determined “delay” for
each case, which was calculated by subtracting the
scheduled start time from the actual start time. We
also determined “late,” which was determined by sub-
tracting 5:30 pm from the end time of the last case of
the day if the time was past 5:30. For each situation
studied, cases were assigned to the room, and the
simulation was run 50,000 times to determine mean
start and finish times.

After data were obtained with the baseline utiliza-
tion, another case was added to the schedule, and the
simulation was repeated. Thus, the number of cases
performed for the day was increased to achieve in-
creased utilization. Additional cases were added until
the scheduled utilization exceeded 100%.

To investigate how the variability of case times af-
fects the ability to achieve maximum utilization, ad-
ditional simulations were run in the same way, except
that smaller and larger coefficients of variation of case
duration were used. We also performed an analysis by
using the concepts of overutilization and underutili-
zation. To generate data, we used a simulation based
on an Excel (Microsoft, Redmond, WA) spreadsheet.
The simulation was run, and downtime (unused time
during scheduled hours) and late time (time after the
end of the day) were calculated. The inefficiency of
utilization was calculated by using minutes as the
quantitative measure of inefficiency. We assumed that
overtime pay is 1.5 times regular pay and that it is 1.5
times as expensive to run the OR with overtime. The
inefficiency factor was calculated by adding unused
time during the day to 1.5 times the time used after the
end of the day. The minutes of inefficiency were plot-
ted against actual utilization for cases with different
coefficients of variation.

To examine the effect of our assumption that cases
cannot start early because patients have not arrived,
we allowed cases to start up to 30 min early and
repeated the simulation. To simplify data presentation
in this exercise, we determined the number of 48 �
15 min cases that could be performed without exceed-
ing the goals of a 15-min delay and 15 min late.

We then examined the effect of turnover time. Sim-
ulations were run with turnover times of 0, 10, and
30 min, and the results were compared with those
with a turnover time of 20 min. We also simulated a
randomly selected turnover time of 20 � 10 min.

Our hospital recently opened an ambulatory sur-
gery center (ASU), staffed only by attending physi-
cians. We created a simulation that demonstrated the
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effect of moving to a different venue healthy patients
with procedures performed by experienced practitio-
ners. With these patients moved to the ASU, the main
OR was left with sicker patients whose procedures
were performed by the same practitioners but with the
addition of residents and fellows. For all simulations,
we created an OR that performed five cases of myrin-
gotomy and tubes (BMT) and five cases of T&A, with
a scheduled utilization of approximately 90%. For the
baseline situation, the mean and sd of the case times of
the total group of cases were used. We then used the
mean and sd of case times from the ASU and from the
main OR without the ASU patients for the additional
simulations. Scheduling was based on mean case
times for the procedures lumped together. In each
simulation, we measured delay, late time, and over-
and underutilization.

To evaluate a more complex situation, we simulated
an OR performing four cases of varying length,
namely, 1, 2, 3, and 3 h. Turnover time was 20 min. For
each case, we used a coefficient of variation equal to
that of our original data, namely, 0.31, thus resulting
in a moderate degree of variability of case times. The
simulation was run with a scheduled utilization of
100%, performing the shorter cases first. To vary uti-
lization, we eliminated first the 1-h case, then the 2-h
case, for scheduled utilizations of approximately 87%
and 77%. Simulations were run in each of these levels
of utilization. We also performed the simulation for all
four cases, performing the longer cases first.

Results
There were 1162 cases with a duration of 48 � 15 (sd)
min. The coefficient of variation was 0.31. The best-
fitted distribution was a log-normal distribution (Fig.

1). When utilization increased more than approxi-
mately 90%–95%, both late minutes and delay in-
creased beyond the target of 15 min (Fig. 2).

Figure 3 shows the effect of changing the coefficient
of variation, that is, increasing or decreasing the vari-
ability of case duration, on late minutes and on aver-
age delay. Decreasing the coefficient of variation
(smaller sd of case duration) allows increased utiliza-
tion without exceeding the target for late minutes (Fig.
3A). Increasing the variability of case duration, how-
ever, decreases the utilization possible within the tar-
get for late minutes. A smaller variability of duration
allows increased utilization, whereas increased vari-
ability allows less utilization within the target for pa-
tient delay (Fig. 3B). Efficiency increases as the coeffi-
cient of variation decreases, and overall the OR is most
efficient with a utilization between 85% and 95% (Fig.
4).

When cases were allowed to start up to 30 min
before their scheduled start time, the effect was to
increase the utilization possible while staying within
the guidelines for late times and delay of cases (data
not shown). The change was enough that nine cases
instead of eight could be performed in a day without
violating the targets for late and delay minutes.

As turnover time changes, there is a difference in
the number of cases that can be performed within the
guidelines for late and delay minutes. With a 10-min
turnover, nine cases could be performed; with a 20-
min turnover, eight cases could be performed; and
with a 30-min turnover, only seven cases could be
performed (Table 1). When turnover was randomly
chosen from a distribution of 20 � 10 min, seven cases
could be performed; this was limited by the degree to
which patient start time was delayed.

For the simulation of the effects of opening the
ASUs, the case time for BMT for the combined group

Figure 1. Distribution of case times
for adenoidectomy and adenoidec-
tomy with tonsillectomy.

1116 ECONOMICS, EDUCATION, AND HEALTH SYSTEMS RESEARCH TYLER ET AL. ANESTH ANALG
OR UTILIZATION 2003;96:1114–21



was 15.4 � 11.6 min, and for T&A it was 43.8 �
12.3 min. After the ASUs opened, BMT time was 19.0
� 15.9 min and 12.7 � 5.6 min at the main hospital and
the ASU, respectively, whereas the times for T&A
were 48.3 � 14.6 min and 40.7 � 11.1 min, respec-
tively. Before the ASU patients were removed from
the schedule, the main hospital was able to perform
five BMTs and five T&As with a utilization of 89%
within the guidelines for late and delay minutes (Ta-
ble 2). When the ASU patients were removed from the
schedule, the main hospital was not able to perform
the same number of cases in a day, whereas the ASU
was able to finish within the guidelines.

When longer cases were mixed with shorter ones,
the maximum utilization that could be achieved
within the guidelines was approximately 85% (Table
3). Performing the shortest cases first resulted in less
patient delay compared with performing the longer
ones first.

Discussion
The use of simulation allows for the evaluation of
various factors that affect OR utilization without the
necessity of gathering data over a long period of time.
In addition, simulation allows for the manipulation of
one factor at a time in a way that would not be
possible in a real-life situation. We started with the
simplest possible situation—one procedure being per-
formed repeatedly in one OR, with a constant, short
mean case duration. Although the real-life situation is
much more complicated, some conclusions can be

drawn to help define the optimum utilization of an
OR.

To approach an answer to the question of what is
the optimum utilization of an OR, we need to define
certain operational variables. In this model, we de-
fined goals for average patient delay and an accept-
able time past the end of the day. To avoid having
patients arrive early and wait a long time, we defined
an average patient wait of 15 minutes as the goal. We
also wanted to avoid using overtime, so we defined
the goal of finishing the schedule within 15 minutes of
the scheduled end of the day. With these criteria, in
the simple situation described, optimum utilization
was approximately 90%. Increased utilization resulted
in increased patient delay and overtime beyond our
defined limits.

If case times could be predicted accurately, it would
be relatively easy to schedule an OR, but the actual
case duration is not known in advance. The variability
of case times, as measured by the coefficient of varia-
tion, is thus a major factor to be considered if one
wishes to achieve maximum utilization. Decreasing
the variability of case times allows increased utiliza-
tion to be achieved. As seen in our model, when the
variability increases, the predictable optimum utiliza-
tion decreases. As the variability of case times in-
creases, it is more difficult to schedule times accu-
rately and more difficult to achieve maximum
utilization without making patients wait or having the
schedule extend past the end of the day.

Because the simulation selects the case duration
from a probability distribution for each run, the nature

Figure 2. Late and delay
times with increasing
utilization.
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of the distribution used is important. We used actual
times from a large number of cases to determine the
distribution. As in previous studies (5,6), the distribu-
tion was log normal. This sort of distribution does not
have negative numbers and is skewed toward larger
values, a situation that makes sense for an OR.

In most ORs, cases are scheduled on the basis of
mean case times. One might expect the shorter and
longer case times to average out, but this is not the
case. Because patients are assigned an arrival time and
are not available before their scheduled start time, if a
case finishes early, the subsequent patient may not be
available, and the case cannot start.

We also examined optimum utilization from an eco-
nomic perspective by evaluating the relative efficiency

of the OR in terms of staffing costs. For this we used
the concept of overutilization and underutilization de-
scribed by Strum et al. (1). We concluded that opti-
mum utilization is between 85% and 90%, depending
to a large extent on the variability of case duration.
The classic definition of utilization considers the time
past the end of the day the same as time during
scheduled hours. This is undesirable because there is a
cost to going past the end of the day. Overtime costs
may be incurred, and repeatedly running late is hard
on staff morale and may make recruiting and retaining
scarce staff more difficult. Using the concept of over-
utilization and underutilization allows us to put a cost
to running late and to quantitate the quality of OR
scheduling.

Figure 3. A, Late minutes with different coefficients of variation of case duration. B, Average minutes of delay for individual patients with
changing coefficients of variation of case duration.
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We were able to increase the number of short cases
that could be performed within the guidelines by al-
lowing cases to start up to 30 minutes before the
scheduled time. We would argue, however, that to
ensure that patients are available up to 30 minutes
early, they would have to arrive at the facility sooner
than they otherwise would have. This means that to
increase the efficiency of the ORs, we must increase
patient waiting time.

Because turnover time is included in the calculation
of utilization, there was no difference in the utilization
that could be achieved within the guidelines when

turnover time was lengthened or shortened. When one
looks at the number of cases that could be performed
within the guidelines, however, it becomes clear that

Table 1. Effect of Varying Turnover Time on Late Minutes, Delay Minutes, and Inefficiency

Cases
Turnover time

(min)
Actual

utilization
Late

(min)
Delay
(min)

Inefficiency
factor (min)

6 10 56% 0.0 11.1 262
7 10 66% 0.0 12.5 204
8 10 76% 0.0 13.8 146
9 10 85% 0.9 15.1 90

10 10 95% 11.6 18.9 74
6 20 64% 0.0 11.1 213
7 20 76% 0.0 12.5 145
8 20 87% 1.2 13.8 80
9 20 98% 20.5 15.0 61

10 20 110% 85.4 19.0 155
6 30 73% 0.0 11.0 162
7 30 86% 0.6 12.5 85
8 30 99% 20.8 13.8 58
9 30 112% 97.3 15.0 171

10 30 125% 177.2 19.1 293
6 20 � 10 65% 0.0 13.3 213
7 20 � 10 76% 0.1 15.3 144
8 20 � 10 87% 2.4 16.8 82
9 20 � 10 99% 25.9 18.4 73

10 20 � 10 110% 91.8 23.3 170

Case length was 48 � 15 min. Turnover time was as indicated except in the last group, where turnover time was a random number selected from a log-normal
distribution: 20 � 10 min.

Table 2. Late and Delay Minutes for Cases Performed at
the Main Operating Room (OR) and at an Ambulatory
Surgery Unit (ASU)

Facility
Scheduled
utilization

Actual
utilization

Late
(min)

Delay
(min)

Combined 89% 89% 2.5 12.2
Main OR 89% 97% 15.3 24.7
ASU 89% 83% 0.1 3.6

Figure 4. Efficiency of operating
room utilization with changing co-
efficients of variation.
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in this situation of many short cases, turnover time is
important in the overall efficiency of the OR. When
turnover time is shortened, more cases can be per-
formed within the guidelines for late and delay min-
utes. A variable turnover time appears to reduce the
number of cases that can be performed, perhaps by
creating significant delays for individual patients.

For the simulation in which cases were moved to the
ASUs, some scheduling questions appeared. When
one examines the data, it is clear that after the cases
were separated, the cases in the ASU had shorter
mean times and that those left at the main hospital had
longer times. We ignored those time differences and
used the mean case times obtained when the cases
were lumped together. Scheduling needed to be done
before the data were available; consequently, the best
available data were the combined data. Second, the
time differences were small and were below the level
of precision of most OR scheduling programs, which
function with either 10- or 15-minute increments. With
longer case times and larger variability of case times,
the main OR could not schedule to the same predicted
utilization without having excessive late and delay
time after the ASU patients were removed. This find-
ing confirms the feelings of the staff that taking simple
cases out of an OR schedule increases the inefficiency
of the OR suite.

When longer and shorter cases were combined in
one room, we found decreases in the utilization that
could be achieved within the guidelines. We chose
case lengths that would fit within the allotted time, so
the 87% utilization that was achieved is perhaps the
best possible situation. If predicted case lengths were
such that the entire period could not be used, then
utilization would be expected to decrease.

The data that we have obtained demonstrate some
of the limitations of “classic utilization.” Although
utilization calculated in this way is a simple calcula-
tion that gives some measure of the extent to which an
OR is used, it does not give an adequate measure of
how efficiently resources, especially staff time, are
used. Because staffing costs are the largest component
of OR expenses, efficient use of OR time requires that
the ORs be used fully when staffed and used as little
as possible when staffing relies on overtime or call
staff. Classic utilization gives no measure of how well

activity is matched to staffing. The concepts of over-
utilization and underutilization produce a quantifi-
able measure of how well staffing and use are
matched and allow managers to optimize staffing.

One of the clear messages of the attempt to optimize
utilization is that a balance needs to be achieved be-
tween efficiency from an economic standpoint, and
patient satisfaction. It is clear from our data that effi-
ciency of the OR is achieved by increasing patient
waiting time. The most efficient OR is one in which
patients are waiting when the OR is available. If a case
finishes before predicted and the next patient is not
available, then the OR sits idle (underutilization) until
the patient arrives and is prepared for surgery. How-
ever, the most patient-friendly OR is one that has a
room ready when the patient arrives. Achieving opti-
mum utilization results when these two factors are
balanced.

Our model creates a situation that is unlikely to be
achieved in the real world. The cases are short, with a
small coefficient of variation. In most of the situations
studied, cases are of similar length. There are no
patient-related delays and no case cancellations. Thus,
the optimum utilization defined in this simulation is
more than can reasonably be expected in a real OR. In
real life, if these factors are taken into account, a
smaller utilization may actually be achieved.

With the assumptions that we have used, actual
utilization will almost always be more than scheduled
utilization. This observation means that it is difficult to
target a specific utilization for a given day and there is
variability of the actual utilization achieved for any
given scheduled utilization. For the simple situation
studied here, a target utilization of 85% would ap-
proximate what we would like to achieve in terms of
patient delay and overtime. This is perhaps the max-
imum utilization that can be achieved within the goals
that we have set. For more complex OR suites, the
optimum utilization will be less. Any change, such as
cases of different duration, changes in the variability
of case duration, emergencies, cancellations, and so
on, will decrease the optimum utilization. The deci-
sion about making additional ORs available on the
basis of maximum utilization will depend on specific
factors in a given suite—factors such as the cost to the
organization of asking patients to wait, the cost of

Table 3. Data When Cases of One, Two, and Three Hours Are Performed in the Same Room

Scenario
Scheduled
utilization

Actual
utilization

Late
(min)

Delay
(min)

Inefficiency
factor
(min)

Four cases, short ones first 100% 100% 50.0 16.1 125.2
Three cases, omit 1-h case 87% 87% 14.8 16.3 117.4
Three cases, omit 2-h case 77% 77% 4.4 11.8 143.8
Four cases, long ones first 100% 100% 50.8 27.8 127.9
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overtime, and the ability of surgeons to take cases to
another suite.
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