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BACKGROUND: We studied the value of providing information to anesthesia provid-
ers about the length of time typically worked during on-call shifts. The mean time
at which a shift ends can be used for purposes of trades, payments, or reverse
auctions, because the mean is proportional to the total time. The 80th percentile
(with a suitable upper confidence limit for uncertainty due to limited sample sizes)
can be used for judging the earliest time by which after-work activities reasonably
can be planned.
METHODS: (A) Three years of operating room (OR) information system data were
analyzed. Dependent variables were the earliest times when the numbers of ORs
running were always �6 ORs, �4 ORs, and �2 ORs. We progressively built linear
regression models for each of the three dependent variables using day of the week,
scheduled number of cases, scheduled hours of cases (including turnovers), and
linear time trend. Calculations were repeated after excluding residuals. Calcula-
tions were repeated using regression trees. (B) Anesthesiologists were surveyed
about their perceptions of the mean and 80th percentiles.
RESULTS: (A) For the three thresholds and two end points (mean and 80th percen-
tile), differences among days of the week were as large as 45 min. Differences
between end points for the same weekdays were as large as 245 min. Compara-
tively, additional knowledge about the number or hours of cases provided in the
late afternoon on the working day before surgery reduced the mean absolute error
by only 4.1–6.0 min. Results were insensitive to a variety of analytic methods.
Information available more days before the day of surgery (e.g., 1 wk) would have
had even less incremental predictive value. (B) The mean absolute error of anesthe-
siologists’ estimates for 80th percentiles was 60 min, principally because of underesti-
mation of the 80th percentiles. More than half (69%, P � 0.0003) of anesthesiologists’
estimates for 80th percentiles had error �30 min, whereas errors of this magnitude
were less for the mean (44%, P � 0.0004).
CONCLUSIONS: Historical data from OR or anesthesia information management
systems, or from anesthesia billing systems, can be used months before staff
scheduling to provide insight to anesthesia providers on respective calls. The data
are useful because experience provides limited intuition. Updates on scheduled
workload available closer to the day of surgery provided only marginal increases
in knowledge over the use of historical data.
(Anesth Analg 2009;109:1246–52)

Months before the day of surgery, an anesthesia
group can use statistical methods to determine its
staffing needs.1 Often, the numbers of operating
rooms (ORs) to be run at certain times on workdays
are specified contractually with hospital administra-
tion, ideally based on statistical assessments of histori-
cal workload.1,2 Staff scheduling is then done in

accordance with the group’s staffing obligations.3–6

When anesthesiologists are given the choice to work
different numbers of hours for different compensa-
tion, they choose to work significantly different total
hours.7 Therefore, if information about hours worked
when on-call were provided to anesthesia providers
when they make their scheduling decisions, such
information would be useful if new and accurate.

In this article, we study the potential value of
providing information to anesthesia providers about
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the length of time typically worked during available
shifts. The mean time at which a shift ends can be used
for purposes of trades, payments, or reverse auctions,8

because the mean is proportional to the total time. The
80th percentile (with a suitable upper confidence limit
for uncertainty due to limited sample sizes) can be
used for judging the earliest time by which other
activities reasonably can be planned (e.g., attending a
child’s school activity or asking one’s spouse to wait
for dinner).

One way we assessed the value of providing the
mean and 80th percentile was to survey anesthesiolo-
gists at a department to learn whether they have
accurate (�30 min) perceptions of the mean and the
80th percentile. If this were the situation, then provid-
ing this information would not be of value. We
hypothesized that most people would have reason-
ably good insight about the mean but poor insight into
the 80th percentile of the time that they work on
different shifts.

The other way we assessed the value of the statis-
tics was to test whether information available from the
OR scheduling system can provide managerially use-
ful updates of the mean and 80th percentile. If this
were the situation, then providing the mean and 80th
percentile just before staff scheduling would be of less
value, and vice versa. The additional information
available about OR scheduling that we studied were
those known when the date of surgery is selected for
each case, specifically the total numbers of cases
scheduled and the total hours of cases scheduled.
These data have previously been shown to be valid
predictors of total workload of individual facilities for
trends over time and for variation among work-
days.9–11 Information on assignment of cases to spe-
cific ORs was not used because at the tertiary facilities
for which our study is relevant, case assignments are
often not made until the afternoon before surgery and
even thereafter are often changed. For example, at one
such facility, 25.7% � 0.2% (standard error) of cases
were moved or added-on after the “final” schedule
was posted the day before surgery,12 and those cases
affect the hours worked by the people on-call.

METHODS
Statistical Analysis of Historical Data

The times at which cases ended were obtained from
the study hospital’s OR information system for its
main OR suites, which exclude non-OR anesthetics,
labor and delivery, and gastrointestinal endoscopy
procedure rooms. The dates studied were 39 4-wk
periods from Monday December 5, 2005, to Friday
November 28, 2008. Holidays and days with (planned)
exceptionally low caseloads (e.g., between Christmas
and New Year) were excluded. Cardiac and hepatic
transplantation cases were excluded, because the stud-
ied hospital has separate anesthesiologists and OR
nurses who care for these patients.

The dependent variables studied were the earliest
times when a member of the anesthesia group’s call
team could leave the hospital (Table 1). These were
defined in terms of the earliest times when there were:

1. �2 ORs, when the 2nd call person can leave.
2. �4 ORs, when the OR director who starts work

at 11 am can leave.
3. �6 ORs, when the 3rd call person working since

7 am leaves.

To obtain the dependent variables, the numbers of
cases running during each 15 min increment were
calculated including turnovers, limiting consideration
to turnovers 60 min or less. Turnovers were included
because anesthesia providers are working during
these intervals to transfer care of the prior patient and
to setup for the next case. Considering each 15 min
interval backward from midnight, we determined for
each day the time after which no more ORs than
specified by a threshold were in use. Figure 1 shows
an example of the time in hours after 12 noon when
the number of ORs running was equal to or less than
the threshold of two ORs.

Two summary statistics of the three dependent
variables were calculated (see Introduction, Table 1).

Table 1. Mean and 80th Percentile of Earliest Times When
Hospital has Specified Numbers of Operating Rooms in Use

ORs
Day of

the week Mean
95% UCL

of 80th%ile 80th%ile
�2 ORs Monday 7:45 pm 9:45 pm 9:10 pm

Tuesday 8:10 pm 9:45 pm 9:30 pm
Wednesday 7:35 pm 9:30 pm 9:00 pm
Thursday 8:25 pm 10:00 pm 9:30 pm
Friday 8:15 pm 10:00 pm 9:45 pm

�4 ORs Monday 6:30 pm 7:45 pm 7:30 pm
Tuesday 6:50 pm 8:00 pm 8:00 pm
Wednesday 6:20 pm 7:30 pm 7:15 pm
Thursday 7:00 pm 8:15 pm 8:00 pm
Friday 6:45 pm 8:15 pm 7:45 pm

�6 ORs Monday 5:45 pm 6:30 pm 6:15 pm
Tuesday 6:05 pm 7:15 pm 6:45 pm
Wednesday 5:30 pm 6:30 pm 6:15 pm
Thursday 6:05 pm 7:00 pm 6:45 pm
Friday 5:55 pm 6:45 pm 6:45 pm

�16 ORs Monday 3:40 pm 4:30 pm 4:15 pm
Tuesday 3:45 pm 4:45 pm 4:30 pm
Wednesday 3:15 pm 4:15 pm 4:00 pm
Thursday 3:40 pm 4:30 pm 4:30 pm
Friday 3:35 pm 4:30 pm 4:15 pm

The statistical computations above were made directly from the raw data (i.e., not involving
the linear regressions in Tables 2 and 3). Although we rounded the mean to the nearest 5 min
in the table distributed to the attending anesthesiologists at the study hospital, for the
calculations in the Results, we report the trimmed mean to the nearest minute. For our
implementation at the study hospital, we reported the UCL as the “80th percentile,” with the details
given in a footnote explaining the uncertainty due to the sample sizes. In Table 1, we additionally
included the point estimate of the 80th percentile as comparison to match Figure 1. N � 144
Mondays, 151 Tuesdays, 155 Wednesdays, 153 Thursdays, and 152 Fridays. The overall N �
755 listed in Table 1 � 144 � 151 � 155 � 153 � 152 workdays. In the last rows, 16
ORs are studied as a control for the average end of the day at the hospital, with its 32 ORs
(see Discussion).
ORs � operating rooms; mean � trimmed mean, with 10% trimmed from the lower and upper
values before the mean was calculated13; 95% UCL of 80th%ile � refers to the 95% upper
confidence limit (UCL) of the 80th percentile.
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The mean is proportional to total hours worked and is
thus relevant to auctioning,8 paying for, selling,
and/or trading shifts. However, because the sample
mean was sensitive to the outliers present for some
end points on some weekdays, we report the trimmed
mean, with 10% trimmed from each end.13 To incor-
porate statistical error for the 80th percentile, we
report the 95% upper confidence limit (bound), as
calculated using the Clopper-Pearson method.14,15 We
studied the 80th percentile for two reasons. First, the
corresponding incremental cost of working later than
this time corresponds to 4� regular hourly rate,16–18

which is very high. Second, the 80th percentile was
simple to explain intuitively as it implies that the
anesthesiologists assigned to the shift will work later
than this time only once every 5 days (i.e., once a
week). Note that with our 3 years of data, the 95%
upper prediction limit for the 80th percentile was
essentially the same as reporting the 90th percentile
(Fig. 1, Table 1).

We progressively built linear regression models for
each of the three dependent variables using day of the
week, scheduled number of cases, scheduled hours of
cases including turnovers, and linear time trend (Table
2) (Systat 12, Systat Software, San Jose, CA). Our
model used only the independent variables on the
working day before surgery, because by then almost
all elective cases had been scheduled (Fig. 2) and at
that time maximum information was available (see
Discussion). To determine the predictive value of the
independent variables, we calculated the deleted re-
siduals (Table 3). These are the differences between

predicted and observed values, with each prediction
made using the linear model without the observed
value.19 For example, each single value was predicted
using the linear model with parameters estimated
from the other 754 numbers.*

Among the 2265 combinations of 755 dates and
three end points, there were 12 with externally stu-
dentized residuals19 larger than three. We repeated all
calculations excluding these 12 outliers as one of our
sensitivity analyses.

As another sensitivity analysis, we repeated the
regression analyses using a different type of regres-
sion, namely regression trees with a least absolute
values loss function (Systat 12). Regression trees are
automatically created for predicting relationships in-
cluding interactions. We used least absolute values as
the loss function so that the mean absolute error could
be compared directly with that of the preceding
classical multivariable linear regression. To compute a

*For readers who are used to using stepwise and all variables
regression, the deleted residuals are those used to calculate the
prediction sum of squares.

Figure 1. Histogram for the earliest time (number of hours
after 12 noon) after which the hospital always had �2
operating rooms (ORs) in use on Mondays. The figure shows
no particular shape and little smoothness, explaining our
calculation of percentiles by the empirical method. The n �
144 Mondays’ values were sorted in ascending sequence.
The “mean” of 7:45 pm refers to the trimmed mean, with the
10% lowest and largest values trimmed before the mean was
calculated.13 For the data in Figure 2, the difference between
the trimmed mean and the mean was just 1 min. The 95%
upper confidence limit (bound) of the 80th percentile was the
125th value, which corresponds to the 87th percentile.14,15

Table 2. Linear Statistical Model for Earliest Times After
12 Noon at Which the Study Hospital has the Specified
Ranges of Operating Rooms Still in Use

�2 ORs �4 ORs �6 ORs
Day of the week

F statistica 18.4 23.9 35.5
P value �0.0001 �0.0001 �0.0001
F statistic, no outliers 18.5 24.0 39.6
P value, no outliers �0.0001 �0.0001 �0.0001

Scheduled numbers of cases at 6 pm
the working day before surgery

F statisticb 20.0 27.2 40.7
P value �0.0001 �0.0001 �0.0001
F statistic, no outliers 17.3 20.8 46.2
P value, no outliers �0.0001 �0.0001 �0.0001

Scheduled hours of cases and turnovers at 6 pm the
working day before surgery

F statistic 7.3 14.0 27.5
P value 0.0072 0.0002 �0.0001
F statistic, no outliers 7.5 17.3 27.1
P value, no outliers 0.0062 �0.0001 �0.0001

Four-week period (i.e., linear trend)c

F statistic 6.9 3.6 3.0
P valued 0.0087 0.056 0.086
F statistic, no outliers 7.4 3.5 2.0
P value, no outliers 0.0065 0.061 0.15

The N � 755 workdays without exclusion of outliers. With exclusion of outliers, the sample
sizes are N � 753, 751, and 750. The (first) degrees of freedom for the F tests are 4 for day
of the week and 1 for the other variables. The R2 for the three columns were 0.15, 0.21, and
0.30 for �2, �4, and �6 ORs, respectively. The R2 is larger (0.53) for �16 ORs.
OR � Operating room.
a For 0–2, 0–4, and 0–6 ORs including outliers, P � 0.17 for interaction of day of the week
with scheduled numbers of cases. There were four degrees of freedom.
b All F tests in the table are partial (Type III) tests. The P � 0.11 for addition of quadratic term.
c All three estimates of the linear trend were positive. All estimated coefficients for the
scheduled numbers and hours of cases were positive. We investigated several other models
of changes over time including those with seasonal variation. Almost all terms were
statistically significant (P � 0.001) but reduced the absolute forecasting error (Table 3) by
an increment of �1 min.
d When performed using regression trees,† none of the generated models included a trend
component. ‡ Please see Results section.
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regression tree for each of the three dependent variables,
and to maximize the potential predictive ability of the
model, we used all independent variables in Table 1 plus
all possible sums and differences of those variables.
Jackknife estimation was used to calculate the standard
error of the reduction in the absolute error.

As a final sensitivity analysis, we repeated the
linear regression analyses using a different dependent
variable, specifically, the time after which there were
16 or fewer ORs in use. We studied 16 ORs because,
each day, there are eight anesthesiologists who are

assigned to work after 4 pm, if necessary, and each
typically medically directs two ORs. We used this
secondary end point of the earliest times when there
were �16 ORs to explore our hypothesis that if the
independent variables were poor predictors of the
three primary dependent variables, the cause of poor
prediction would be that they better predict when
many anesthesiologists are working. If most of the
add-on cases are performed by the three on-call anes-
thesiologists and most of the elective (scheduled) cases
are performed by the other anesthesiologists, then the
numbers and hours of elective cases would poorly
predict the hours worked by the three anesthesiolo-
gists who are on-call.

Survey of Anesthesiologists
Although we obtained data on three dependent

variables, for the survey of anesthesiologists we con-
sidered just the smallest (time when �2 ORs) and
largest (time when �6 ORs), thereby reducing the
number of questions (Table 4). The survey was per-
formed at the study hospital during a 2-wk period.
One of the anesthesia clinical directors asked 32 of 42
anesthesiologists to participate, with 10 missed due to
their being on vacation, at a meeting, or working
outside the main ORs. All 32 anesthesiologists invited
completed the survey but with a few missing values.
The two anesthesiologists who were aware of the
survey design were excluded. The survey was per-
formed by those two anesthesiologists at the study
hospital as a quality improvement project to help
them decide whether to post the historical data and to
assist in their explaining to the department how the
information can be used. The results in this article
were implemented at the hospital the week after the
survey was completed. The statistical analysis was
comparison of observed proportions to 1⁄2 (StatXact-8,
Cytel Software, Cambridge, MA).

RESULTS
The study hospital has call team members leaving

when the numbers of ORs in use are �6 ORs, �4 ORs,
and �2 ORs. The three thresholds studied were the
times when these numbers of ORs were always in use.
For the three thresholds and two end points of mean
and 95% upper confidence limit of the 80th percentile,
differences among days of the week were as large as
45 min (Table 1). Differences between end points for
the same weekdays were as large as 245 min. Com-
paratively little additional knowledge was available in
the late afternoon on the working day before surgery,
as the mean absolute error was reduced by only
4.1–6.0 min (Table 3, Fig. 3).† Information available
more days before the day of surgery (e.g., 1 wk) would
have had even less incremental predictive value.

†Using regression trees, the mean � standard error of the
reductions in the absolute error were 0.00 � 0.00, 0.00 � 0.00, and
0.08 � 0.01 min for �2 ORs, �4 ORs, and �6 ORs, respectively.

Figure 2. Percentages of elective cases scheduled on the
specified numbers of workdays before the day of surgery.
The mean number of cases scheduled at 6:00 pm the listed
number of workdays before surgery was calculated for each
4-wk period. The ratio was taken for each 4-wk period
between that value and the mean number of those cases
performed on the day of surgery. The mean of the 39 ratios
represents the height of the bars. The 95% confidence
intervals were calculated by comparing the ratios among the
39 4-wk periods and using Student’s t distribution.

Table 3. Reduction in Absolute Forecast Error by Using the Full
Linear Statistical Model from Table 2 Versus Simply the Mean
for Each Day of the Week

Difference of absolute values
of deleted residuals

(minutes) (mean � se)

All
cases

Excluding
outliers

�2 ORs 3.7 � 1.0 3.8 � 1.0
�4 ORs 4.4 � 0.9 4.3 � 0.9
�6 ORs 5.6 � 0.9 5.7 � 0.9
The absolute values of the deleted residuals represent the magnitudes of the forecast errors.
Two statistical models were used. One model was the full statistical model of Table 2. The
other model included only “Day of the Week” from the top of Table 2. For both statistical
models, deleted residuals were calculated (i.e., each residual was calculated using a
regression model fit excluding that one datum).19 Absolute values were taken for both deleted
residuals. The differences were calculated between each pair. The means and the SE of the
pairwise differences are given above. In the first column of results, all N � 755 days. For
corresponding analysis of �16 ORs, the reduction in absolute errors was larger (11.5 � 1.2
min). In the second column, the N � 753, 751, and 749, respectively. The performance in
the second column was deliberately biased to appear better than managerially appropriate
because the outliers that were excluded would be of particular concern to the people working
those especially long hours.
OR � operating room.
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The mean absolute error of anesthesiologists’ esti-
mates for 80th percentiles was 60 min, principally be-
cause of underestimation of the 80th percentiles (Table
5). As hypothesized, more than half (69%, P � 0.0003) of
anesthesiologists’ estimates for 80th percentiles had error
�30 min, whereas errors of this magnitude were less for
the mean (44%, P � 0.0004).

DISCUSSION
Months in advance, anesthesia providers at hospi-

tals frequently choose and trade shifts and make other
arrangements for their call days. Anesthesiologists’
intuitions were inaccurate as to the hours that they
work (Table 5). Any anesthesia group that bills for its
time or tracks its cases has all of the data required for
the forecasts, just as they do for specialty-specific
staffing.1,2,16 The numbers of simultaneous anesthetics
(i.e., ORs in use) at each time can be calculated from
the anesthesia start and end times. The results show
essentially negligible value to the use of data within 1
day of surgery (e.g., number or hours of cases actually
scheduled) other than historical data for the particular
day of the week from an anesthesia billing,1 OR
information, or anesthesia information management
system. The results match previous findings that if
months ahead the durations of OR workdays are
forecasted appropriately for each specialty, there is
financially negligible incremental value for reducing
anesthesia group costs by using additional informa-
tion to even perfectly predict case durations.16,20–23

Although the incremental value of additional data
was strongly statistically significant (i.e., P � 10�6)
(Table 2), the absolute reductions in forecasting errors
were small relative to the choice of the statistic to
report (Table 3, Fig. 3). Furthermore, these absolute
reductions likely overestimate the actual value of
using such information in decisions. The issue is one
of trust in technology. When a prediction for how late
people work is given before staff schedules are made,
by definition the estimate is retrospective and pro-
vides little information about what the individual will
experience on one specific future evening. Providing
the estimate is similar to a web site that gives the

Figure 3. Example of the relationship between the time when
a specified number of operating rooms (ORs) or fewer are in
use and the scheduled numbers of cases. In the figure, four
or fewer ORs are in use at the listed hours past 12 noon on
Wednesdays. The scheduled numbers of cases are the num-
ber as of 6:00 pm the working day before surgery. The figure
shows the marked scatter quantified in Table 3 by the small
reduction in the mean absolute residual error. The mean �
se are 51.6 � 3.7 min for the absolute values of the deleted
residuals calculated using just the mean as a predictor and
47.2 � 3.4 min using the linear model. Although the regres-
sion is statistically significant (P � 0.00001), the pairwise
reduction in the absolute values of the residuals was only
4.4 � 2.2 min.

Table 4. Survey Completed by 32 Anesthesiologists at Study Hospital

Late running operating rooms QI Survey
I am interested in your perception as to the time of day when the 2nd call and 3rd call attendings finish their last case in

the OR. (Note: This is not the time they leave the hospital, but when their last case exits the OR.)
Please provide your best guess to all 8 questions below without consulting other attendings and return the survey to me.

If you are never scheduled to take 2nd or 3rd call, please check the appropriate box and skip the corresponding
questions. If you are scheduled to take these calls but often trade them away, please fill in the estimated times.
Thanks.

�Name of clinical director was here�

� I am never scheduled to take 2nd call
� I am never scheduled to take 3rd call

1. On an average Monday, when does 2nd call finish his or her last case in the OR? _______ pm
2. On an average Thursday, when does 2nd call finish his or her case in the OR? _______ pm
3. On an average Monday, when does 3nd call finish his or her last case in the OR? _______ pm
4. On an average Thursday, when does 3nd call finish his or her last case in the OR? _______ pm
For the following 4 questions, rather than the average time, we are interested in the 80th percentile time. This

corresponds to the 2nd latest time of every 5 calls (4/5 � 80%). For example, if a set of 5 ordered times were:
1) 09:00 2) 09:07 3) 09:23 4) 09:44 5) 10:15 the 80th percentile would be 09:44, since that is the 2nd latest time.

Please supply your best guess. Everyone knows that for Mondays and Thursdays the 80th percentile is later than 4:00 pm
and earlier than 11:59 pm.

5. On Mondays, what is the 80th percentile time when 2nd call finishes his or her last case in the OR? _______ pm
6. On Thursdays, what is the 80th percentile time when 2nd call finishes his or her last case in the OR? _______ pm
7. On Mondays, what is the 80th percentile time when 3rd call finishes his or her last case in the OR? _______ pm
8. On Thursdays, what is the 80th percentile time when 3rd call finishes his or her last case in the OR? _______ pm
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average January low and high temperature in Or-
lando, FL. For a traveler contemplating a vacation
there in January, this information may be useful. In
contrast, making a prediction on January 16 for the
low temperature the next day runs the risk of people
perceiving psychologically that “weather forecasts are
unreliable.” This is because of a human bias to convert
probabilities of events (40% chance of temperature
�70°C) into binary perceptions (e.g., “the actual tem-
perature was 65°C, so the meteorologist was wrong”).

Our independent variables captured information
about the variables relevant to the working day before
surgery. By studying data at this point in time, we
likely overestimated the potential value of the infor-
mation practically useful for regression analysis, be-
cause some decisions may need to be made sooner.
For example, when staffing (OR allocation) and case
scheduling decisions are made based on maximizing
the efficiency of use of OR time, most services fill their
allocated time no sooner than 3 days before the day of
surgery.16,24 At that time, 81% of cases have been
scheduled (Fig. 2). By studying data from the day
before surgery, we likely underestimated the predic-
tive value relative to using information from the day
of surgery. However, by the day of surgery, an
anesthesiologist’s desire to work or not to work late
for pay is generally irrelevant as to whether the
anesthesiologist works late (i.e., they are on-call and
have to stay until the cases are done). We showed
previously that, under such circumstances, compensa-
tion is no longer salient.25 Thus, we cannot identify an
argument for why providing updated information on
the day of surgery related to the predicted end of shift
times would be useful.

Although different anesthesia directors running the
control desk make different decisions that affect how

late ORs are in use, we did not include individuals as
independent variables.26 Who will be scheduled to
manage the desk would not be known when an
anesthesiologist is choosing his or her schedule. Fur-
thermore, we could not envision informing a person
on call that tomorrow she will likely work 30 min later
because the person at the control desk is Dr. Smith not
Dr. Lawrence. We think that behavioral differences of
individuals running a control desk show the value of
managerial decision-support systems making recom-
mendations to reduce such variability.23,27 We think
that they also show why anesthesia providers will
need and/or want to continue to be paid hourly when
working late, as compared with occasionally working
long scheduled shifts.25

Our data analysis applies only to hospitals with
add-on cases and cases being moved among ORs. If
every case were known at least 1 wk in advance, there
were no add-on cases, each surgeon has a list of cases
for the day, and the cases are not moved among ORs,
then results would be different. The survey was
performed by one anesthesia group immediately be-
fore implementation. Although we have no reason to
suspect that results would differ among groups, we
have no supportive data.

In conclusion, a department’s survey of its anesthe-
siologists identified a 1 h mean absolute error in
estimates for the latest (80th percentile) time that they
work when on-call, with more than half (69%) of
estimates incorrect by �30 min. Because the two end
points of mean and 95% upper confidence limit of the
80th percentile differed substantively, different deci-
sions should rely on different statistics. Because the
two end points differed among days of the week,
statistics should be reported by weekday. This infor-
mation can be calculated from anesthesia billing data

Table 5. Survey Results

Statistic
ORs in

use (“call”)
Day of

the week
Threshold

from table 1

Absolute difference
�30 min

(95% lower bound)a

Mean
underestimate �

standard error (min) Numberb

80th percentile �2 ORs Monday 9:10 pm 74% (�57%) 62 � 11 23
(2nd call) Thursday 9:30 pm 91% (�77%) 81 � 10 23

�6 ORs Monday 6:15 pm 50% (�32%) �27 � 12 24
(3rd call) Thursday 6:45 pm 62% (�45%) 3 � 12 24

69% (�61%)c 29 � 7d 94

Average �2 ORs Monday 7:45 pm 30% (�17%) �8 � 9 23
(2nd call) Thursday 8:25 pm 48% (�30%) 24 � 10 23

�6 ORs Monday 5:45 pm 58% (�41%) �36 � 12 24
(3rd call) Thursday 6:05 pm 38% (�22%) �29 � 11 24

44% (�35%)e �13 � 6 94
OR � operating room.
a Absolute difference was taken between the response and the threshold in the preceding column. The column lists the percentage of anesthesiologists for whom the absolute difference exceeded
30 min.
b Among the 32 responding anesthesiologists, there were eight who did not take 2nd call and eight who did not take 3rd call. The N � 23 for 2nd call (0 –2 ORs) because one anesthesiologist
who reported taking 2nd call but did not give those answers.
c The mean absolute errors equaled 60 � 5 min for the 80th percentile and 40 � 4 min for the average.
d The comparison was made with the point estimate of the 80th percentile, as in the far right-hand column of Table 1. If we had instead used the 95% upper confidence limit for the 80th
percentile, then there would have been even more underestimation, and thus the absolute error would have been even larger.
e Overall percentage was significantly higher for 80th percentile (69%) than for average (44%) (P � 0.0004, Barnard’s test for the difference of proportions, StatXact-8, Cytel Software, Cambridge, MA).
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(or equivalent sources1) and given to anesthesia pro-
viders months ahead before staff scheduling. Addi-
tional knowledge available on the working day before
surgery (e.g., numbers of scheduled cases) had a
statistically significant benefit but reduced the mean
absolute error by only 4.1–6.0 min extra. The results
are especially useful when interpreted along with
recent behavioral studies of anesthesiologists’ mana-
gerial decisions late in afternoons.25,26
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