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A microscope will be used for the first case of the day in
operating room (OR) 1 and then may be used in the
second case of the day by a different surgeon in a differ-
ent OR, OR 2. Provided that the probability is reason-
ably high that the first case of the day in OR 2 will last
longer than the first case in OR 1, the OR manager can
be confident in scheduling the microscope to be used by
both surgeons on the same day. The OR manager can
use statistical decision theory to sequence cases to de-
crease the impact of limitations in equipment or person-
nel on case scheduling. This increases utilization of both
the capital equipment and OR time. In this study, we

derived equations that can be programmed into a sur-
gical services information system to reliably estimate
the probability that one case will have a longer duration
than another. We confirmed the accuracy of our
method by using actual case duration data. Implica-
tions: Our statistical method uses historical case dura-
tion data from an operating room information system to
estimate the actual probability to within 1.5% that the
second case of a pair will last longer than the first case of
a pair.

(Anesth Analg 2000;90:975–9)

S urgeon 1 has scheduled to use the surgical
suite’s new microscope for her first case of the
day in operating room (OR) 1. Surgeon 2 wants

to use the same microscope for one of his two cases in
OR 2. Ideally, both surgeons would use the micro-
scope on the same day. While Surgeon 1 is using the
microscope for the first case in OR 1, Surgeon 2 would
be performing his case in OR 2 that does not require
the microscope. We refer to the first case in OR 1
(performed by Surgeon 1 and with the microscope) as
Case 1 and the first case in OR 2 (performed by Sur-
geon 2 but without the microscope) as Case 2. After
both cases have been completed, Surgeon 2 will use
the microscope for his second case in OR 2. So long as
Case 2 lasts longer than Case 1, the team in OR 2
(surgeon, anesthesiologist, and nurses) will not expe-
rience a delay while waiting for the microscope.

To sequence cases in ORs when there is a limiting
resource (e.g., the microscope), the expected duration
of a case which uses that limiting resource (e.g., Case
1) is compared with the duration of a case which does
not use that resource (e.g., Case 2). The OR manager

needs to decide if the microscope should be scheduled
for use by both surgeons on the same day or if Sur-
geon 2 should wait for another day to perform the case
for which he needs the microscope. The OR manager
can make the decision rationally based, at least in part,
on the expected durations of Cases 1 and 2. Surgeon
1 has scheduled Case 1 (her first case, with the micro-
scope) to take 3.5 h. Surgeon 2 has scheduled Case 2
(his first case, without the microscope) to take 4 h.
Therefore, based on expected case durations, sharing
the microscope probably should work. However,
there is always uncertainty in the exact duration of the
cases.

During the past 3 yr, Surgeon 1 has scheduled the
procedure for which she will use the microscope six
times. Surgeon 2 has scheduled the procedure for
which he will not need the microscope nine times. The
surgical suite’s information system has stored the pre-
vious cases’ durations. In this study, we evaluated
how to program an OR information system to use
the durations of these 15 previous cases to estimate the
probability that the duration of Case 2 (without the
microscope) will be longer than the duration of Case 1
(with the microscope). Provided that this probability is
reasonably high (e.g., 90%), the OR manager can be
confident in scheduling the microscope to be used by
both surgeons on the same day. By sequencing the two
cases in OR 2, the potentially limiting resource (the
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microscope) does not prevent Surgeon 2 from per-
forming his case on the requested day. This is impor-
tant, because it increases the utilization of two expen-
sive resources: OR time and the microscope.

The sequence of the study is as follows: First, we
describe the statistical method to predict the probabil-
ity that Case 2 will last longer than Case 1. This
mathematics is programmed into an OR information
system for use in sequencing elective surgical cases.
Second, we use actual case duration data from the
University of Iowa to test the accuracy of our statisti-
cal method. Third, we discuss the applications, limi-
tations, and rationale of our statistical method.

Methods
Statistical Method to Predict the Probability
that Case 2 Will Have a Longer Duration than
Case 1

The OR information system already has data on the
previous n1 cases that were of the same scheduled
procedure type and surgeon as Case 1. The durations
of these n1 cases are x11, x12, . . . , x1n. The natural
logarithms are calculated for each of the n1 case dura-
tions. The sample mean and variance of the n1 loga-
rithms are denoted by x#1 and s1

2. The next case per-
formed by Surgeon 1 of the same scheduled procedure
(Case 1) will have duration x1~n1 1 1!. The same notation
is used for Case 2.

We assume that the logarithms of case durations for
the two combinations of scheduled procedure and
surgeon are both normally distributed, but with un-
equal means and variances (1–3). Then, the expression

x1~n1 1 1! 2 x1̄

Îs1
2~1 1 1/n1!

follows a Student t probability density with n1 21 de-
grees of freedom (2,4). Likewise, the expression

x2~n2 1 1! 2 x2̄

Îs2
2~1 1 1/n2!

follows a Student t probability density with n2 21 de-
grees of freedom (2,4). These two expressions are the
equations that are used to calculate prediction inter-
vals for normally distributed random variables (2,4).

To compare the population means of two groups,
Student’s t-test is generally used. The corresponding
Student t statistic, to compare two prediction intervals
as needed for this study, is

ttest 5
x2̄ 2 x1̄

Îs 1
2~1 1 1/n1! 1 s2

2~1 1 1/n2!
.

We let T~n,ttest! refer to the cumulative distribution
function of the Student t distribution with n degrees of
freedom. These are the numbers given in tables in
statistics textbooks to determine whether the results of
Student t-tests are statistically significant. Then (5), the
probability that the duration of Case 2 will exceed that
of Case 1 equals approximately

cT((n1 2 1)/c,ttest) 1 ~1 2 c)T((n2 2 1!/~1 2 c),ttest),

where

c 5
s1

2(1 1 1/n1)

s1
2(1 1 1/n1) 1 s2

2(1 1 1/n2)
.

This probability is an approximate solution to the
“Behrens-Fisher problem.” Behrens-Fisher is like the more
commonly known Student t-test except that the former
does not assume that

s1
2(1 1 1/n1) 5 s2

2(1 1 1/n2).

When a statistics program reports a P value for Stu-
dent’s t-tests with “separate variances,” the statistics
program is solving mathematically the Behrens-Fisher
problem.

Testing the Accuracy of Our
Statistical Method

We tested our statistical method’s ability to predict the
probability accurately that one case will last longer
than another case by using case duration data from the
University of Iowa. We randomly selected a pair of
actual cases, from the University of Iowa data set, for
which the mean and standard deviation of the loga-
rithms of previous case durations of the same sched-
uled procedure type and surgeon were available. We
recorded whether the second case of the pair (Case 2)
actually lasted longer than the first case of the pair
(Case 1). Then, using the means and standard devia-
tions of the previously performed cases, we calculated
the predicted probability that the second case of the
pair would last longer than the first case of the pair.
We then repeated this process for many (39,999) other
pairs of cases.

The details of the analysis are as follows: the data set
we used to test the statistical method included the
durations of all cases performed between July 1, 1994,
and July 1, 1997, at the University of Iowa’s tertiary
surgical suite and Ambulatory Surgery Center. Pro-
cedures were as defined by the Current Procedural
Terminology code(s). The 48,257 cases included 8,808
different scheduled procedures performed by 261 sur-
geons. “Case duration” was defined as the time from
when the patient entered an OR to when the patient
left the OR.

976 ECONOMICS AND HEALTH SYSTEMS RESEARCH DEXTER AND TRAUB ANESTH ANALG
COMPARING THE DURATIONS OF CASES 2000;90:975–9



The cases were first sorted by scheduled procedure.
Then, for each scheduled procedure, the cases were
sorted by surgeon. Finally, for each combination of
scheduled procedure and surgeon, the cases were
sorted by date of the case. Of the 48,257 cases, 27,811
were for a scheduled procedure and surgeon combi-
nation that had been performed, during the 3-yr pe-
riod, at least twice before the date of the case. For each
of these 27,811 cases, we calculated the mean and
standard deviation of the logarithms of the durations
of previously performed cases which were of the same
scheduled procedure type and surgeon. The number
of cases used to calculate the mean and standard
deviation of the logarithms of previous case durations
was mean 6 sd 5 30 6 53 cases (percentiles 10th 2
cases, 25th 5 cases, 50th 12 cases, 75th 32 cases, and
90th 70 cases). Previous cases’ durations were used in
these calculations because only the durations of pre-
vious cases of the same scheduled procedure type and
surgeon would be available to an OR information
system when it estimates the durations of the new
cases (Case 1 and Case 2). We wrote the computer
code to perform this analysis in Excel 97 Visual Basic
(Microsoft, Redmond, WA).

Results
The statistical method estimated the actual probability
that the second case of a pair would have a duration
longer than the first case of the pair to within 1.5%
(Table 1, Column 5).

The example from the Introduction is completed in
Table 2.

Discussion
Applications and Limitations of Our
Statistical Method

Our goal is to decrease the impact on case scheduling
of limitations in equipment or personnel. We showed
that our statistical method can use historical case du-
ration data from an OR information system to predict
accurately the probability that the duration of one case
will be longer than that of another case. Using this
statistical method, the OR manager can sequence sur-
gical cases in ORs that require the same equipment or
personnel.

We expect our statistical method to be of greatest
value to surgical suites with an OR information sys-
tem, for two reasons. First, the OR information system
needs to automatically flag cases that require limited
equipment or personnel. Second, our method relies on
calculations made by using historical case durations.
The cost of implementing our strategy for sequencing
cases at surgical suites with OR information systems

will be minimal, because only a few lines of computer
code are required. We included the example in Table
2 to assist readers in understanding how our method
works. In practice, the calculations would not be per-
formed “by hand” as in Table 2, but automatically, by
a computer, when a case requiring specialized equip-
ment or personnel is submitted for scheduling.

To apply our statistical method, an OR manager
first needs to determine the threshold probability of
conflict over a limited resource at which the OR infor-
mation system should notify the scheduler. We rec-
ommend that a surgical suite manager consider a
probability of 80% or 90% of no overlap between cases
as being an acceptable risk and schedule the cases. We
think that this probability can be used in practice for
two reasons. First, despite the risk of a delay on the
day of surgery from limitations in equipment or per-
sonnel, there are incentives to schedule the cases so
that patients can have surgery as soon as possible (see
next section of Discussion). Second, it is unlikely that
both surgeons will need the microscope for the full
durations of their cases. For example, Surgeon 2 will
not need the microscope at the start of his second case
(e.g., during induction of anesthesia). Likewise, Sur-
geon 1 will not need the microscope at the end of Case
1 (e.g., during emergence of anesthesia). If we estimate
a 90% statistical probability that there will be no over-
lap of the two cases, the probability of no conflict over
the limited resource (the microscope) will actually,
probably, be larger than 90%. On the day of surgery,
some negotiating to avoid conflict will often be
successful.

An OR information system programmed with our
statistical method can record the number of times the
analysis is performed for each resource (e.g., a micro-
scope). If this analysis is performed often, that may
indicate that the quantity of that resource should be
increased. In other words, if this analysis is being
performed frequently for a piece of equipment, the OR
manager should consider purchasing more of that
equipment. In contrast, if the analysis is being done
only once a month for a particular piece of equipment,
that may be an indication that additional equipment of
that type does not need to be purchased.

The primary limitation of our statistical method is
that it compares the durations of only two cases. Our
statistical method cannot be used when a limited re-
source will be shared by three or more ORs on the
same day. However, there are several reasons why
this is usually not a problem in practice. First, sophis-
ticated, expensive equipment or personnel with spe-
cialized training often care for patients undergoing
long cases. Because the cases are long, the scenario
that we described in the Introduction of there being
only two cases in each of two ORs will often apply. In
fact, among surgical suites in the United States, the
average number of cases per OR per work day is 2.0
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(6). Second, the fact that our statistical analysis applies
to one piece of equipment or group of personnel does
not mean that there cannot be more than one of these
types of equipment available in the surgical suite. For
example, let us suppose that in one OR a surgeon will
use fluoroscopy equipment all day, whether it be for
one long case or for several cases. Then, if the limiting
resource is fluoroscopy equipment, the fluoroscopy
equipment that will be used all day does not need to
be considered in the statistical analysis because it will
not be available for other surgeons. Only fluoroscopy
equipment that can be shared on the day of surgery by
two surgeons in different ORs would need to be in-
cluded in the statistical analysis. Third, at some sur-
gical suites, there are scheduled delays between series
of successive cases in an OR (e.g., at hospitals with
morning and afternoon four-hour blocks). At such
surgical suites, there are likely to be one or two cases
per series of successive cases. The scheduled delay
assures that under most circumstances the cases in the
afternoon start on time. Our statistical method can
then be applied separately to the morning and after-
noon periods.

Rationale for Sequencing Cases to Prevent
Limitations in Equipment or Personnel from
Increasing the Average Number of Days
Patients Wait to Have Surgery

We think that a surgical suites’ primary nonmedical
criterion (7) for sequencing elective cases in an OR
should be to avoid constraints from limitations in
equipment or personnel which would result in staffed,
but unused, OR time. This issue is of importance to
this study because we do not know of an application
for our statistical method at a surgical suite that does
not adhere to this rationale for sequencing cases. We
explain our reasoning by considering a hypothetical
surgeon with block time for almost all of his elective
cases (8). The remainder of the surgeon’s elective cases
would be completed in “overflow” time. First, the
surgeon maximizes his convenience by caring for as
many patients as possible within his regular block
time. Thus, the surgeon benefits if limited equipment
or personnel resources do not prevent him from
scheduling a case in his regular block time (8). Second,
the surgical suite and the anesthesia group maximize

Table 1. Predicted Versus Actual Probabilities that Case 2 Would Last Longer than Case 1

Predicted probability
(P) that Case 2 will

last longer than
Case 1

Number of pairs of
cases from University
of Iowa data used in

the analysis

Sum, among the pairs
of cases, of predicted

probabilities that Case
2 will last longer than

Case 1

Among the pairs of
cases, frequency

that Case 2 actually
lasted longer than

Case 1

Difference between
predicted and actual

probabilities that Case 2
would last longer than

Case 1 (%)

0.50 , P # 0.60 2072 1140 1143 20.2
0.60 , P # 0.70 2144 1396 1422 21.2
0.70 , P # 0.80 2466 1855 1858 20.1
0.80 , P # 0.90 3065 2614 2591 0.8
0.90 , P # 0.95 2338 2168 2160 0.3
0.95 , P # 1.00 8124 8019 7899 1.5

The “results” are the probabilities in the fifth column, which were calculated by taking the value in the third column, subtracting the value in the fourth
column, dividing the difference by the value in the second column, and then multiplying by 100%. Standard errors of the differences in probabilities in the fifth
column are all less than 0.1%.

Table 2. Example from the Introduction Applying the Equations from the First Section of the Methods

n1 5 6 previous cases of the same scheduled procedure type and the same surgeon as Case 1
Durations (h) x11 5 3.92, x12 5 3.30, x13 5 4.91, x14 5 2.74, x15 5 2.84, x16 5 3.31
Natural logarithms 5 1.37, 1.19, 1.59, 1.01, 1.04, 1.20
Mean of the six case durations 5 3.50 h
Sample mean of the six natural logarithms x1 5 1.23
Sample variance of the six natural logarithms s1

2 5 0.047
n2 5 9 previous cases of the same scheduled procedure and the same surgeon as Case 2

Durations (h) x21 5 2.50, x22 5 5.32, x23 5 4.99, x24 5 3.10, x25 5 4.78, x26 5 4.82, x27 5 3.66, x28 5 3.58, x29 5 3.22
Natural logarithms 5 0.92, 1.67, 1.61, 1.13, 1.56, 1.57, 1.30, 1.28, 1.17
Mean of the nine case durations 5 4.00 h
Sample mean of the nine natural logarithms x2 5 1.36
Sample variance of the nine natural logarithms s2

2 5 0.068
ttest 5 0.34
c 5 0.42
Probability 5 0.42 3 0.630 1 (120.42) 3 0.631 5 0.63

The probability that the next case of scheduled procedure and Surgeon 2 will have a duration longer than the next case
of scheduled procedure and Surgeon 1 equals 0.63.
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their margin (revenue minus labor costs) by minimiz-
ing the amount of staffed, but unused, OR time. From
their perspective, it is best to not have limitations in
equipment or personnel resources prevent cases from
being completed during the surgeon’s regular block
time. Third, patients gain when limitations in equip-
ment and personnel do not restrict case scheduling.
Then, each case can be completed on the first date
with sufficient open time for the case (8). Therefore,
every stake holder in the surgical suite is better off if
limited resources do not prevent patients from having
surgery as soon as possible during regularly sched-
uled OR hours. This does not mean that more money
needs to be spent on buying capital equipment. In-
stead, scheduling should be optimized to permit the
full use of the capital equipment and personnel that
are available at a surgical suite.

Our criterion for sequencing elective cases (i.e., the
application for our statistical method) is contrary to
the previously published recommendation to se-
quence cases to minimize postanesthesia care unit
(PACU) staffing (9). For example, let us suppose that
in each of two ORs four one-hour long cases will be
performed and one four-hour case. To minimize the
number of full-time PACU staff, in one of the ORs the
one-hour cases would be performed before the four-
hour case and in the other OR the opposite sequence
would be followed. Nevertheless, this approach is not
practical in many surgical suites, because this strategy
cannot permit an increase in the productivity of full-
time PACU staff unless the practice is used consis-
tently (10,11). This limitation is important because
there are several reasons why consistent implementa-
tion of the practice is difficult to achieve. First, if the
cases to be performed in an OR are not being per-
formed by the same surgeon, then it is unlikely the
sequence of the cases involving different surgeons can
be changed because the surgeon will probably be in
his clinic or at another surgical suite. Second, some
short cases are performed with local anesthesia ad-
ministered by the surgeon. Then, it makes sense from
the perspective of maximizing productivity of anes-
thesiologists to have the shorter cases in both ORs
after the longer cases with anesthesia administered by
the anesthesiologist. Third, even if urgent cases are

performed in different ORs than the elective cases, the
admission to the PACU of patients undergoing urgent
surgery (e.g., appendectomy) can disrupt sequencing
plans sufficiently as to eliminate potential PACU staff-
ing savings.

We presented a statistical method for estimating the
probability that the duration of one case of a pair will
exceed the duration of the other case of the pair. The
method makes use of historical case duration data and
can be easily programmed into a surgical suite’s man-
agement information system. An OR manager can use
this probability to decide whether a limiting resource,
such as a piece of equipment, can be shared on the
same day or should prevent a case from being sched-
uled on a given day.
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