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BACKGROUND: The economic costs of reducing first case delays are often high,
because efforts need to be applied to multiple operating rooms (ORs) simulta-
neously. Nevertheless, delays in starting first cases of the day are a common topic
in OR committee meetings.
METHODS: We added three scientific questions to a 24 question online, anonymous
survey performed before the implementation of a new OR information system. The
57 respondents cared sufficiently about OR management at the United States
teaching hospital to complete all questions.
RESULTS: The survey revealed reasons why personnel may focus on the small
reductions in nonoperative time achievable by reducing tardiness in first cases of
the day. (A) Respondents lacked knowledge about principles in reducing over-
utilized OR time to increase OR efficiency, based on their answering the relevant
question correctly at a rate no different from guessing at random. Those results
differed from prior findings of responses at a rate worse than random, resulting
from a bias on the day of surgery of making decisions that increase clinical work
per unit time. (B) Most respondents falsely believed that a 10 min delay at the start
of the day causes subsequent cases to start at least 10 min late (P � 0.0001 versus
random chance). (C) Most respondents did not know that cases often take less time
than scheduled (P � 0.008 versus chance). No one who demonstrated knowledge
(C) about cases sometimes taking less time than scheduled applied that information
to their response to (B) regarding cases starting late (P � 0.0002).
CONCLUSIONS: Knowledge of OR efficiency was low among the respondents work-
ing in ORs. Nevertheless, the apparent absence of bias shows that education may
influence behavior. In contrast, presence of bias on matters of tardiness of start
times shows that education may be of no benefit. As the latter results match
findings of previous studies of scheduling decisions, interventions to reduce
patient and surgeon waiting from start times may depend principally on the
application of automation to guide decision-making.
(Anesth Analg 2009;108:1257–61)

Delays in starting first cases of the day are a
common topic in operating room (OR) committee
meetings. Multiple prior studies have evaluated pro-
posed strategies1–5 to reduce the percentages of first
cases starting late. The direct economic benefit of
reducing such first case delays is often small (see

companion article).6–9 Not only are the time reduc-
tions in each OR often limited, but the costs of
reducing the delays can be high because efforts need
to be applied to multiple ORs simultaneously. Our
survey at a hospital revealed some reasons why
personnel working in ORs may focus on small reduc-
tions in nonoperative time.

METHODS
After obtaining exemption status from the Univer-

sity’s Institutional Review Board of Human Subjects
Studies, an e-mail inviting participation in the survey
was sent to the nursing staff and administration,
surgeons, and anesthesia providers working at the
hospital’s 16 ORs. Respondents accessed the secure
web site (WebSurveyor, Herndon, VA) by clicking on
a hyperlink in the e-mail or by typing in the URL.
They read the consent form, selected that they agreed
to participate, and attested both that they work at the
study hospital and had not completed the survey
previously.
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Our objective was to learn about perceptions of OR
personnel who cared sufficiently about OR manage-
ment that they completed a 27 question process im-
provement survey. We also wanted not to influence
responses, since issues of time and delays are emo-
tionally charged.10–12 To address both objectives, we
inserted three questions regarding OR operations re-
search into the hospital’s 24 question survey of ways
to improve its handling of surgeon preference cards.
The survey was performed while the hospital was
implementing its new OR information system incor-
porating a new format for creating and updating
surgeon preference cards. For example, the survey
asked whether patient positioning should be added to
the new preference cards.

The 57 respondents included 23 registered nurses
or surgical technologists, 20 attending or resident
surgeons, and 14 “others” including 7 anesthesiolo-
gists. The same hyperlink was used for all respondents
to emphasize anonymity. Nothing else is known about
respondents. Respondents had to answer all questions
to submit the survey.

In deliberate contrast to our previous psychological
studies of OR management decision-making at differ-
ent hospitals,13–15 no education was provided as part
of the study. We are aware of no education in OR
management at the hospital before the survey other
than one 45 min Grand Rounds guest lecture “OR
management decision-making to maximize OR effi-
ciency” given in the Anesthesiology department 34
mo previously.

Question #1
We previously showed that most anesthesiologists,

OR nurses, and housekeepers make decisions on the
day of surgery with the bias of trying to increase their
work performed during the time they are assigned to
work clinically.13,14 In meetings at the hospital about
regular workdays, the word “efficiency” was often
used by clinicians and administrators as synonymous
with clinical work per unit time (i.e., working quickly).
Although some individuals seemed to demonstrate
understanding of principles of operations research
when asked, their common conversation nonetheless
conceptualized “efficiency” principally as working
quickly. Therefore, we hypothesized that the bias seen
for decision-making on the day of surgery was also
being applied during group discussions, resulting in
attention being focused disproportionately on inter-
ventions that would reduce first case start delays, time
in the OR, etc.

Question #1: “A good example of OR efficiency is
finishing six6 scheduled hours of cases in only five5

hours.”
Respondents were given a five point scale of

“Strongly disagree,” “Disagree,” “Neither disagree
nor agree,” “Agree,” and “Strongly agree.”

Long after staff scheduling has been completed,
and especially after case scheduling has been com-
pleted, the cost of an hour of under-utilized OR time is
negligible relative to the cost of an hour of over-
utilized OR time (i.e., costs are fixed).8,13,14,16–18 Con-
sequently, OR efficiency* can be increased on the day
of surgery only by reducing over-utilized time.8,14,16,17

Question #1 considered a scenario wherein there
would to be no over-utilized time under any reason-
able circumstance, because both 6 h and 5 h are much
�8 h, the shortest workday at the hospital. Therefore,
in answer to Question #1, OR efficiency cannot be
increased. So, “Strongly disagree” is the most correct
answer, but “Disagree” was also considered correct
for this analysis (see Results).

We expected respondents to answer less accurately
than random chance, as found at the previously
studied hospital.14 The 95% confidence interval for the
percentage respondents answering correctly was cal-
culated using StatXact 8 (Cytel, Cambridge, MA). All
P values and confidence intervals were calculated
using exact methods.

To confirm that Question #1 was suitable for the
study hospital, we analyzed the hospital’s OR infor-
mation system data from January 1, 2004 through
December 31, 2006. The data were analyzed through
2006, because the survey was performed in December
2006. The hospital staffed 16 ORs throughout the 752
studied workdays. We checked that there were rou-
tinely some OR-day combinations with 6.0 h or fewer
hours of scheduled cases.

Question #2
Previously, we showed that even when schedulers

learn that cases often start earlier than scheduled, they
do not apply that knowledge when scheduling events
or when giving patients instructions for fasting.15 In
meetings, hospital staff repeatedly emphasized their
desire to start on time, especially first cases of the day.
This perception, that starting even a little late contrib-
utes substantially to each subsequent case running
late, seemed to persist even when OR management
data suggested otherwise. Multiple staff seemed both
i) to embrace the axiom that starting the first case late
“cascaded,” causing all subsequent cases to be late,
and ii) did not know how the scheduled start times of
cases were chosen. We hypothesized that the bias that
cases do not start early, as previously observed for
case scheduling,15 was also present when individuals
think about small delays in starting first cases of the

*Let the OR workload for a specialty on a day be its total hours of
OR and turnover times on the day.8 Let the allocated OR time be the
hours of specialty-specific OR time into which the cases were
effectively scheduled. Let the under-utilized OR time � (allocated OR
time) � (OR workload) if the difference is positive, and 0 h if the
difference is negative.8,18 Let the over-utilized OR time � (OR
workload) � (allocated OR time) if the difference is positive, and 0 h
if the difference is negative.8,18 Let the inefficiency of use of OR time �
(cost per hour of under-utilized OR time) � (under-utilized OR
time) � (cost per hour of over-utilized OR time) � (over-utilized OR
time).8,18
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day. Consequently, the respondents would expect that
each increase in the minutes of delayed entrance of the
first case of the day would result in an equivalent
increase in the tardiness of start of subsequent cases in
the same OR:

Question #2: “Starting the first case in a room ten10

minutes late because of missing supplies likely causes
each following case to start at least ten10 minutes late.”

Respondents were given a five point scale from “Stron-
gly disagree” to “Strongly agree.” Although “Strongly
disagree” is the most correct answer, both “Strongly
disagree” and “Disagree” were considered correct.

To confirm that Question #2 was suitable for the
study hospital, we again used the hospital’s OR infor-
mation system data. Standard errors were calculated
by batching the 3 yr of data into 39 four-week periods
and then calculating the standard deviation among
n � 39 batches.8,19 We calculated the percentage of
first cases of the day starting at least 10 min late. We
calculated the percentage of cases that were not first
cases of the day and that were in ORs for which the
first case of the day started 5 min to 15 min late. We
also calculated the corresponding results using mean
tardiness as the end-point. Tardiness was defined as
the difference between the actual and scheduled room
entry time, with the value set to 0 if the case entered
the OR early. For example, if a case was scheduled to
start at 7:15 am, and the patient entered the OR at 7:20
am, the tardiness was 5 min. If the patient entered the
OR at 7:14 am, the tardiness was 0.

Question #3
Although tardiness can be reduced by the moving

of cases, most of the scheduled cases had started by 4 h
into the workday (mean � se � 64.2% � 0.3%).20

Thus, the principal reason why starting a first case of
the day 10 min late affected overall tardiness by �10
min per case (i.e., Question #2 is “Strongly disagree”)
was because most cases took less time than scheduled:

Question #3: “What is your closest estimate (guess)
of the percentage of surgical cases where you work
that last longer than scheduled, due to any cause,
including incomplete preference cards.”

Any integer could be entered between 0% and
100%.

Provided the duration of staffing for each OR was
chosen appropriately months before individual cases
were scheduled, each case should be scheduled into
the OR time using an unbiased estimator for the case’s
contribution to the total workload that was used to
plan the staffing.16,21–23 Because the logarithms of OR
times for specified combinations of surgeon and
scheduled procedure(s) follow Student t-distributions,
more than half of cases take less time than the
mean.16,22,24 Therefore, we considered any response
�50% to be correct.

Previously, we found that schedulers learned that
to-follow cases can start early, but ignored that infor-
mation when scheduling.15 Therefore, we expected

that those respondents to this survey who know that
most cases take their scheduled time or less (i.e.,
answer Question #3 correctly) would not apply that
knowledge to answer Question #2 correctly.

RESULTS
No respondent answered all three questions cor-

rectly (0 of 57, 95% CI 0%–5%).
Question #1 focused on OR efficiency. There was a

2 of 5 (40%) chance to guess the correct answer and 21
of 57 (37%) did so (two-sided P � 0.73). If only
“Strongly disagree” were considered correct, then 10
of 57 (17%) answered correctly, not differing from the
random rate of 1 of 5 (20%) (P � 0.79).† These findings
are consistent with lack of knowledge. Our hypothesis
of a bias to increase clinical work per unit time was not
supported, in contrast to findings of studies of
decision-making on the day of surgery.13,14

Question #2 considered late starts. There was a 2 of
5 (40%) chance to guess the correct answer, but only 7
of 57 (12%) did so (P � 0.0001). If only “Strongly
disagree” were considered correct, then 1 of 57 (2%)
answered correctly, also significantly less than the
random rate (20%) (P � 0.0001). These findings of
worse than random chance are consistent with our
prediction that staff have a bias that cases start on time
or late (i.e., do not start early) (see Methods).15

Question #3 evaluated the incidence of knowledge
that fewer than half of cases last longer than sched-
uled. The knowledge was low, being as only 18 of 57
(32%) answered correctly, which was less than the
random rate of 50% (P � 0.008). More importantly,
none of the 18 with this knowledge applied it to
answer Question #2 correctly (P � 0.0002) (Fig. 1). This
finding of lack of application of knowledge is consis-
tent with staff having a bias that cases do not start
early.

The remaining results are secondary analyses of
data from the studied hospital for validation of the
questions and our interpretation of their implications.

Correct answers to Question #1 did not differ
among types of providers (�2 test P � 0.52). Although
each OR was staffed for at least 8 h, 50% of the OR-day
combinations had 6.0 h or fewer of scheduled cases.

Correct answers to Question #2 did not differ
among types of providers (P � 0.21). Among first
cases of the day, 46% � 1% started at least 10 min late,
so the value of 10 min in the question was realistic.
Among cases that were not first cases of the day,
50% � 1% started �10 min late. If the first case in the
OR started 5–15 min late, the percentage of cases
starting �10 min late was not 0% as in the question,
but 40% � 1%. The results can also be considered in
terms of tardiness. The tardiness was 14.2 � 0.3 min
among the 5110 first case of the day starts with

†For Question #1, there were also 12 “Neither agree nor dis-
agree,” 21 “Agree,” and 3 “Strongly agree.” For Question #2, the
corresponding counts were 6, 29, and 15, respectively.
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tardiness 4 h or less, such that the value of 10 min in
the question was realistic. The tardiness was 34.1 � 0.6
min among the 21,024 scheduled cases that were not
first cases of the day and started no more than 4 h late.
If the first case in the OR started 5–15 min late, the
pairwise increase in tardiness was not 10 min, but only
1.1 � 1.0 min.

Correct answers to Question #3 did not differ
significantly among types of providers (P � 0.08). The
P � 0.08 may suggest a trend, and if present it was for
more knowledge among the anesthesiologists and
“Others.” However, that would be practically irrel-
evant since none of the 18 with the knowledge applied
it. Among the 26,295 scheduled cases, far fewer than
half of the cases (35.5% � 0.4%) took longer than
scheduled. Findings of Question #3 are supported by
15 of 57 (26%) under-estimating the actual value
versus 42 of 57 (74%) over-estimating it, not a sym-
metric 50%:50% relationship (P � 0.0005).

DISCUSSION
Unlike for our prior study of decision-making on

the day of surgery,13,14 survey respondents seem to
lack knowledge. Knowledge of OR efficiency appears
not to have been learned “on the job” by working in

ORs. Also unlike for decision making on the day of
surgery,13,14 respondents appear not to be applying a
bias of increasing clinical work per unit time. To-
gether, education may influence behavior. That is not
to say that education is simple. Question #1 was
designed with a deliberately over-simplified example.
Realistic scenarios are more complicated, because
sometimes reducing delays in first case of the day
starts does reduce over-utilized time.8 In our compan-
ion article,25 we develop a process to make it feasible
for analysts to educate with examples created in
meetings.

Matching prior experimental15 studies of case sched-
uling, respondents seem to have a bias that cases do
not start early, even though more than half of cases
actually do start early. In the current survey, none
(0%) of the respondents with the necessary factual
knowledge (that fewer than half of cases take longer
than scheduled) applied that knowledge to the ques-
tion regarding the impact on cases that follow a late
starting first case of the day (Fig. 1). Likewise, in our
prior study of case scheduling, even though this
knowledge had to be learned in order to proceed with
scheduling, few participants then applied the knowl-
edge.15 The implication of the new and prior findings
is that education on principles of tardiness may be of
no benefit. Reducing waiting times of patients and
surgeons without simply adding26 more first case of
the day starts (ORs) likely will require automation of
choice of patient ready times and scheduled case start
times. For example, the day before surgery, start times
are adjusted to be the best possible at reducing patient
and surgeon waiting without increasing over-utilized
time.15,17,27,28

Our survey did not inquire about reduction in
conflict with surgeons as a motivation for group focus
on first case of the day starts. Qualitative observation
showed that nurses and anesthesiologists who run OR
control desks make decisions on the day of surgery
based on reducing conflict.29 Nevertheless, even
though efforts to reduce delays in first case of the day
starts may reduce surgeon complaints, reduction in
surgeon complaints cannot be the root cause of most
group actions, based on two observations. First, if
reductions in complaints were the goal, most clini-
cians would know how scheduled start times are
chosen, since the start times affect to-follow surgeons,
but most clinicians do not. Second, if reductions in
surgeon complaints were the goal of actions, then
that objective would be applied also in the late
afternoons and weekends, even though in practice it
is not.13 Cases would not be queued, even though
they are.13,14,17

Our results are limited by the study design, in four
ways. First, the design involved a single survey at a
single site. Second, our findings for Question #1 were
that bias was absent. That result differed from our
previous observations for decision-making on the day

Figure 1. Lack of application of knowledge that fewer than
half of cases last longer than scheduled from Question #3 to
Question #2 about start times. The text along the horizontal
axis is an abbreviation of the full Question #3: “What is your
closest estimate (guess) of the percentage of surgical cases
where you work that last longer than scheduled, due to any
cause, including incomplete preference cards?” The re-
sponses to Question #3 could be any number from 0 to 100.
The wording of Question #2 was “Starting the first case in a
room ten (10) minutes late because of missing supplies likely
causes each following case to start at least ten (10) minutes
late.” Responses to Question #2 were “Strongly Disagree,”
“Disagree,” “Neither Agree nor Disagree,” “Agree,” or
“Strongly Agree.” One respondent (who answered 80% to
Question #3) strongly disagreed to Question #2. Six respon-
dents “disagreed” to Question #2. The other incorrect re-
sponses are displayed as circles. The important finding is
that 0 of 18 respondents with knowledge about case dura-
tion scheduling then applied that knowledge to start times.
This finding of lack of application of knowledge to guide
start times matches that found previously in an experimen-
tal study of case scheduling.15
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of surgery.13,14 The findings may differ simply be-
cause the current survey did not study decisions made
on the day of surgery.14 Third, we know that the
respondents took the time to complete a survey of
preference cards, and had to answer all 27 questions,
but we do not know whether these respondents were
the same people who are the most vocal about needs
to improve local OR management. Fourth, we do not
know how many people could have responded, but
think that the response rate was around 25%. This is
why we focused on comparing responses to those
expected based on random chance and among ques-
tions. Hopefully, these limitations will motivate future
research in behavioral operations of OR management.

In summary, knowledge of OR efficiency relevant
to first case of the day starts was low among respon-
dents even though they work in ORs. However,
because of the apparent absence of bias, education
may be effective at influencing behavior. In contrast,
education on principles of tardiness of start times may
be of no benefit, just as found previously for schedul-
ing decisions. As the latter results match findings of
previous studies of scheduling decisions, interven-
tions to reduce patient and surgeon waiting from start
times likely will depend on the application of automa-
tion to guide decision-making.
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