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BACKGROUND: Surgeon estimates of case durations are important for operating room (OR)
management decision making because many cases are rare combinations of procedures with
few or no historical data. Thoracic and spine surgeons updated their scheduled OR times on the
day of surgery just before the “time out” in the OR.
METHODS: All elective (scheduled) general thoracic (n � 39) and spine surgery (n � 48) cases at
1 hospital were studied over 3-month and 1.5-month periods, respectively.
RESULTS: Among cases with a change in predicted duration, most changes were made based on
updates to the surgical or anesthetic procedures (thoracic 85%, spine 86%). For thoracic surgery,
there was overall no significant median reduction in absolute prediction error (median 0 minutes,
95% confidence interval [CI] 0–0 minutes). Among the 37% of cases with changed predicted
durations, there was a significant reduction in absolute error (median 38 minutes, 95% CI �7.5
minutes). For spine surgery, there was overall no reduction in the absolute error (median 0
minutes, 95% CI 0–0 minutes). Among the 29% of cases with changed predicted durations,
absolute error was no worse, but not significantly better (point estimate of median reduction 34
minutes, 95% CI �0 minutes). Secondary observations made were no effect of updates on bias,
frequent rounding of scheduled durations to the nearest half hour, and increased predictive error
caused by decisions that reduced expected overutilized OR time.
CONCLUSIONS: A systematic program of routinely and/or always asking for updated case duration
predictions will not substantively improve OR management decision making. However, when a
change in surgical approach, surgical procedure, or anesthetic procedure is identified (e.g., at the
intraoperative briefing before case start), the updated estimate of case duration should be used,
because such updates are not worse and often better than original estimates. (Anesth Analg 2010;
110:1164–8)

Surgeon estimates of case durations are important for
operating room (OR) management decision making
because many cases are rare combinations of proce-

dures with few or no historical data.1,2 Furthermore, for
cases with moderate historical data, surgeon estimates
combined with historical case duration data are more
accurate than either alone.1,3 Recently, we performed a
systematic literature review to determine what factors
affect OR time for general thoracic surgery. In order of
importance, they were planned anatomic procedure,
planned method and surgical approach, surgical technique,
composition of the surgical team, and type of anesthetic.4

Our recommendation was to obtain an updated estimate of
the case duration from the surgeon close to the day of
surgery using the most recent information available.

Updating scheduled case durations on the day of sur-
gery has value if the updates are more accurate than
original estimates. More accurate duration prediction can
(1) reduce surgeon waiting from scheduled start times
among those surgeons with afternoon start times, (2) re-
duce delays in waiting for equipment being used in 1 OR
when needed in another OR, and (3) decrease case han-
dovers to other personnel.5,6 These decisions are generally
made on the day of surgery.7–9 Because changes in sched-
uled durations should not affect whether a case is sched-
uled to be performed on a certain day (see Discussion),4,5

there is no potential downside to surgeons or patients in
providing more accurate estimates on the day of surgery.

We performed a clinical trial of a thoracic surgeon’s
updates of scheduled case durations on the day of surgery.
Four spine surgeons participated as controls for their
elective cases, because they were interested in improving
the scheduling of their “to-follow add-on” cases. Simulta-
neously, we evaluated what information the surgeons used
to update their scheduled times.

METHODS
This study was performed as a quality improvement
project for case duration prediction. However, the data
reported in this study were recorded prospectively for
publication. The IRB of the State University of New York
Upstate Medical University approved the project.

All elective (scheduled) general thoracic and spine sur-
gery cases at 1 hospital were studied for 3 months and 1.5

From the *Department of Surgery, State University of New York Upstate
Medical University, Syracuse, New York; †Departments of Anesthesia, and
Health Management and Policy, University of Iowa, Iowa City, Iowa; and
‡Department of Anesthesiology, State University of New York Upstate Medical
University, Syracuse, New York.

Accepted for publication November 19, 2009.

Franklin Dexter is section Editor of Economics, Education, and Policy for the
Journal. This manuscript was handled by Steve Shafer, Editor-in-Chief, and Dr.
Dexter was not involved in any way with the editorial process or decision.

Address correspondence and reprint requests to Franklin Dexter, MD, PhD,
Department of Anesthesia, University of Iowa, Iowa City, IA 52242. Address
e-mail to Franklin-Dexter@UIowa.edu or Web site www.FranklinDexter.net.

Copyright © 2010 International Anesthesia Research Society
DOI: 10.1213/ANE.0b013e3181cd6eb9

1164 www.anesthesia-analgesia.org April 2010 • Volume 110 • Number 4



months, respectively. Thoracic surgery was the focus after
our systematic review of the factors resulting in inaccurate
predictions of OR times for those cases.4 The median
duration of thoracic cases was 3.5 hours (25th percentile 2.0
hours, 75th percentile 4.7 hours). For example, a case with
a 3.5-hour OR time included the procedures of bronchos-
copy, video-assisted thoracoscopy, and video-assisted right
middle lobectomy with mediastinal lymphadenectomy.
Elective spine surgery was chosen as a control because the
specialty has the smallest percentage prediction error10 and
the spine surgeons at the hospital were concerned with the
handling of their add-on cases. The median duration of
spine cases was 4.8 hours (25th percentile 3.8 hours, 75th
percentile 6.5 hours). For example, a case with a 4.9-hour
OR time included the procedures of C6-7 hemicorpectomy,
C6-7 anterior cervical fusion with instrumentation, iliac crest
bone graft, and intraoperative neurological monitoring.

The scheduled case duration (specifically, estimated
time in the OR) was chosen by schedulers weeks in advance
of the day of surgery and was used to decide whether a
case would be performed on a specific day and in a specific
OR. The information system provided the scheduler with
the trimmed mean of the most recent 10 cases of the same
combination of procedures. Schedulers routinely adjusted
this value based on feedback from the surgeon. On the day
of surgery, before or while scrubbing, the surgeon was
informed by the research nurse of the previously assigned
scheduled duration and the assigned personnel. The sur-
geon was asked to change the predicted duration, if neces-
sary, and if changed, to attribute the change to one or more
categories (Table 1). All interviews were performed when
the surgeon was out of hearing range of surgical, nursing,
and anesthesia team members so that any estimates for
change in duration due to one or more team members
could be stated without stigma.

A priori, we did not have estimates for the percentage of
cases for which the surgeon would change the scheduled
duration or for the sd of the resulting changes in the
absolute prediction errors. Therefore, 1 author with no
involvement in data collection calculated both statistics
after the first 20 thoracic cases were completed. The 8 cases

with an updated duration had a sd of the change in
absolute error of 38 minutes. For an 80% statistical power to
detect a 30-minute reduction in the mean absolute error
with � � 0.05, there needed to be 13 pairwise comparisons.
From that value, 32 cases were estimated, where 32 � (13
comparisons with change in duration) � (20 cases/8
changes). It took 2 months to obtain the first 20 elective
(scheduled) cases at the study hospital. Thus, the study was
continued for 1 month. The final N turned out to be 13
comparisons, as planned, but with a slightly larger (42
minutes) sd of the change in absolute error.

At the time of the power analysis, spine operations had
been studied for 2 weeks and 18 cases. We expected that the
average absolute errors would be similar for the 2 special-
ties because general thoracic surgery has larger absolute
percentage errors than elective spinal surgery,10 but shorter
average OR times. Given the rate of accrual, the limiting
factor for sample size would be the thoracic cases.

Planned and final statistical analysis was based on ranks
because there are outliers, probability distributions are
mixtures from our studying multiple surgical procedures,
and managerial cost is correlated but not proportional to
reductions in absolute prediction errors. The permutation
test was used to calculate P values for differences in
absolute prediction error using all cases of each specialty
(StatXact-8, Cytel Software Corp., Cambridge, MA).11 This
test is similar to the Wilcoxon signed-rank test, but includes
ties resulting from the cases for which predictions of case
durations were unchanged. The ties neither count in favor
of the treatment nor in favor of the null hypothesis, but are
included in the effective sample size. These and all other P
values were 2-sided and calculated using exact methods. If
we had limited consideration to the 1-sided test of
improvement, then our inclusion of ties would have been
in favor of the null hypothesis of no improvement. The
corresponding 95% confidence intervals (CIs) for medi-
ans were calculated using the Clopper-Pearson method.12,13

Such CIs are conservative (i.e., wider than necessary),
but can be calculated including the ties. When analyzing
only those cases for which the predicted durations were
changed, the Wilcoxon signed-rank test was used. The

Table 1. Reasons for Changing Predicted Case Duration

Cause
Thoracic
(N � 35)

Spine
(N � 48) Examples

Surgical procedure or approach 9 12 Not placing gastrojejunostomy feeding tube—patient decided No just before surgery
Scheduled right-sided thoracotomy, laparotomy, and revision of gastric pull-up before all

imaging results were obtained
Anesthesia procedures in OR 3 2 Thoracic epidural being placed in OR
Either of above 11 14
Planned wait for pathology 1 0 May add frozen section
Surgical team 1 0 Regular assistant is ill (i.e., not available)
Anesthesia team 1 0
Anesthesia events other than

where procedures done
0 0

Equipment 0 0
Nursing team 0 0

The categories were created from our published systematic literature review4 and an informal preliminary study during which the thoracic surgeon recorded
(voice-mail) qualitative reports after most cases. These categories were complete (e.g., there were no anesthesia events resulting in changed predicted OR time
other than where the procedures were performed). The preliminary study suggested the categories of (i) anesthesia procedures performed in versus out of the
operating room (OR) used for the case and (ii) planned wait for pathology. For example, because most of the thoracic cases were performed videoscopically, there
were only 4 cases for which there was a request for an epidural catheter preoperatively, but among these 4, only 1 was placed while the patient was in the holding
area representing a change in practice pattern contemporaneously to the study.
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corresponding CIs for median differences were calcu-
lated using Hodges-Lehmann estimation.11 Incidences of
different reasons for changing predicted durations were
compared with 50% using the binomial test, with 50%
corresponding to “most cases.”

RESULTS
Among the cases with a change in predicted duration, most
changes were made based on different surgical or anes-
thetic procedures (thoracic 85%, P � 0.022; spine 86%, P �
0.013). Such changes would be known at the intraoperative
briefing performed before case start.

For thoracic surgery, there was a statistically significant
reduction in the absolute error in case duration prediction
(P � 0.045, Fig. 1). However, the effect was modest, with
median reduction of 0 minutes (95% CI 0–0 minutes).
Whereas the P value of 0.045 reflected results for all cases,
including the 37% (13 of 35) with changes in predicted
durations on the morning of surgery, the median of 0
minutes was influenced only by the majority of cases that
were unchanged (63%, 95% CI �48%). Among cases with
a change in predicted duration, there was a statistically
significant reduction in absolute error (P � 0.039, point
estimate of median 38 minutes, 95% CI �7.5 minutes).

For spine surgery, there was no significant reduction in
the absolute error in case duration prediction (P � 0.109,
median 0 minutes, 95% CI 0–0 minutes). Most cases did not
have a change in predicted case duration (71%, 34 of 48,
95% CI �59%). Among the 29% of cases with changes in
predicted durations on the morning of surgery, there was a
trend toward reduction in absolute error (P � 0.093, point
estimate of median 34 minutes, 95% CI �0 minutes). As for
thoracic surgery, updated predictions were not worse than
originally scheduled durations (see Discussion).

Secondary Observations
Overall, bias (e.g., persistent underestimation) was unaf-
fected by updates (i.e., the number of minutes for which
cases took longer or shorter than predicted were the same)
(Fig. 1). For thoracic surgery, there was no significant
reduction overall (P � 0.879, point estimate of median
reduction in underestimation 0 minutes, 95% CI 0 – 0
minutes) or among cases with changes in predicted
duration (P � 0.894, median 0 minutes, 95% CI �52 to
�45 minutes). For spine surgery, the results were the

same overall (P � 0.346, median 0 minutes, 95% CI 0 – 0
minutes) and among cases with changes in predicted
duration (P � 0.317, point estimate 15 minutes, 95% CI
�30 to �60 minutes).

The updated predictions of case duration could have
been provided in any combination of hours and minutes
(e.g., 3:57 if a surgeon wanted). Nonetheless, all of the 35
thoracic cases were originally scheduled for full hours or in
increments of half hours (i.e., with times ending in“:00” or
“:30” and 31 of the 35 were scheduled this way when
updated). The other 4 updated times were scheduled for
increments of quarter hours (i.e., with times ending in “:15”
or “:45,” such as 4:45). Among the spine cases, all 48 of the
updated times were recorded as full hours or half hours
(i.e., with times ending in “:00” or “:30”). For each case, we
calculated the difference of the actual OR time and the time
rounded down to the nearest whole hour. The differences
followed a uniform distribution between 0 and 59 minutes
(Kolmogorov-Smirnov test, P � 0.387). Thus, surgeons’
behavior of choosing times in 30-minute intervals resulted
in an average absolute error of 7.5 minutes. This value can
be compared with the thoracic cases’ revised estimates’
median absolute error of 54 minutes (95% CI 41–79 min-
utes) and the spine cases’ median absolute error of 57
minutes (95% CI 47–80 minutes). Thus, rounding was
substantial, but alone accounted for only approximately
13% of the absolute error.

As explained in the Discussion, we would expect that a
common reason for a surgeon changing the estimate of OR
time before the intraoperative “time out” would be the
unexpected placement of regional anesthetic catheters, etc.,
in the OR. This was as expected and accounted for 17% (5
of 29) of the changes in predicted duration (Table 1). At
facilities where block or holding areas are never used for
procedures, the incremental benefit of updating case dura-
tion predictions would be slightly less.

DISCUSSION
Our results show that a systematic program of routinely
asking for updated predictions of case durations will not
substantively improve OR management decision making.
However, when a change in surgical approach, surgical
procedure, or anesthetic procedure is identified (e.g., at the
intraoperative briefing or “time out” before case start), the

Figure 1. Thoracic surgery cases’ original
scheduled operating room (OR) times ver-
sus updated estimates. The histogram
shows underestimates of actual case
durations.
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updated estimate of case duration should be used, because
such updates are not worse and often better than original
estimates. Because such cases are ongoing (i.e., the patient
is in the OR), the estimates can be useful for predicting the
times remaining in ongoing cases.2 For such updates to
guide managerial decision making, every 5 minutes or so14

the estimated times remaining need to be recalculated
automatically, which does not mean progressive subtrac-
tions of 5 minutes.2

Improving case duration prediction on the day of sur-
gery for thoracic and spine surgery matters principally
because inaccuracy results in excess overutilized OR time
and thus influences add-on case scheduling.5,15,16 There-
fore, the objective is not to reduce absolute error per se but
to reduce overutilized OR time. Ideally, organizations
would use updated estimates of case duration to make
decisions that reduce overutilized OR time,2,5,17,18 and in
practice they do.19,20 For example, suppose that there was
only 1 procedure area for regional blocks, arterial lines, etc.,
to be placed before induction. That area should be used
preferentially for cases for which reducing OR time would
reduce overutilized OR time.5,17,21 Such selective choices
can substantially affect OR throughput because, if staffing
is being planned appropriately, only approximately one-
third of ORs should have overutilized OR time daily.22–24

Therefore, we expected that a common reason for a surgeon
changing the estimate of OR time before the intraoperative
“time out” would be unexpected placement of regional
anesthetic catheters, etc., in the OR. This was precisely what
was observed (Table 1).

Contrary to our hypothesis from systematic literature
review,4 and findings for laparoscopic surgery that more
nursing handoffs are associated with longer OR times,25 we
found no prospective predictive ability of surgical, nursing,
or anesthesia teams on scheduled duration (Table 1). This
result highlights that studies of case durations with team
data available in retrospect can be useful for policy (e.g.,
reduce nursing handoffs), while not for decision making on
the day of surgery. Results might differ if add-on cases
done by different teams were included.

Studying updates on the day of surgery, compared with
days or weeks ahead, was not a limitation. Before the day
of surgery, the economically important decisions involving
case duration predictions involve whether to perform a
certain case on a certain day in a certain OR.5,16 Provided
estimates are unbiased, or have been adjusted,6,26,27 accu-
racy of estimation of case duration has little effect on that
decision, especially for specialties such as thoracic and
spine surgery with long case durations. 5,15,16,23,28,29 Briefly,
the reason for this result is that for elective (scheduled)
cases, the sum of the underestimation of OR time among all
cases is attributable predominantly to small amounts of
underestimation for nearly all cases, not to the few cases
with large underestimation of case duration.27 Conse-
quently, it is irrelevant for the decision of the OR in which
a case will be performed whether the case will be scheduled
for 3.5, 4.0, or 4.5 hours.5,24

Although our study was limited to thoracic and spine
surgery, and included only a few surgeons, the results were
effectively the same for the 2 specialties, even though their
proportional predictive errors are very different.10 The

surgeons, including the first author of this report, were
motivated to participate in the project to improve their case
duration predictions. Nonetheless, despite potential bias to
reduce absolute error more than would be observed rou-
tinely, the updated predictions were overall (i.e., including
cases without changes) no worse. If our results include the
influence of a positive performance bias and/or Haw-
thorne effect, then our results would reinforce our conclu-
sion that routinely trying to obtain updated case duration
predictions is unlikely to be of economic value.

Based on these findings, we recommend that researchers
in OR management and clinical OR managers focus their
efforts on decision support to assure meaningful responses
to the uncertainty on the day of surgery.2,5,17,18 This rec-
ommendation to focus on response rather than prevention
is important because by definition it involves reliance on
the demonstrated utility of updated forecasts of the time
remaining in ongoing cases.2
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