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Abstract

Efficient management of the operating room (OR) contributes to much of today’s healthcare expenditure and plays a criti-
cal role in generating revenue for most healthcare systems. Scheduling of OR cases with the same team and surgeon have
been reported to improve turnover time between cases which in turn, improves efficiency and resource utilization. We aim
to assess different operating room procedures within multiple subspecialties and explore the factors that positively and
negatively influence turnover time (TOT) in the operating room. We conducted a retrospective review of cases that were
completed on weekdays between 0600 and 2359 from July 2017 through March 2018. Cases between 0000 and 0559 were
excluded from this study. Of the total 2,714 cases included in our study, transplant surgery had the highest mean TOT
(71 £48 min) with orthopedic surgery cases without robots having the lowest mean TOT. OR cases in rooms with the same
specialty had significantly less mean TOT compared to rooms switching between different subspecialties (70 vs. 117 min;
p<0.0001). Similarly, cases with the same surgeon and anesthesia team had a significant lower TOT (p < 0.0001). Con-
secutive specialty, surgeon, anesthesiologist, and prior procedure ending before 15:00 were all independent predictors of
lower TOT (p <0.0001). Our study shows scheduling cases with the same OR team for elective cases can decrease TOT
and potentially increase operating room efficiency during the day. Further studies may be needed to assess the long-term
effects of such variables affecting OR TOT on healthcare expenditure.
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Introduction

The effective management of operating room (OR) start
times and turnover times (TOT) have been linked to better
management of hospital resources and meeting the increasing
demands of quality, low-cost healthcare [1]. Most of today’s
healthcare expenditure and hospital’s revenue are generated
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in the OR [2], making the intraoperative period—the moment
the patient rolls into the OR—a target for efficiency efforts
among the staff and surgical teams. With the current ruling
CMS-1694-F from the Centers for Medicare and Medicaid
Services on the transparency of healthcare costs to the gen-
eral public [3], hospital systems have shifted focus on imple-
menting ways to improve healthcare delivery efficiency, with
most emphasis in the OR. Thus, a well-managed and efficient
OR contributes significantly to the financial stability of many
healthcare systems.

Efficiency in the OR can be measured during both the
operative and non-operative period and includes staff utili-
zation, scheduling and timing accuracy of cases, the preop-
erative testing period, case start times and the time patients
get wheeled in and out of the OR which also considers
the time spent in the intraoperative period. The operative
and non-operative related factors to improving TOT have
been studied to improve healthcare operations and meet the
expectations of patients. A prospective study demonstrated
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that a robust OR efficiency training of the staff involved in
the TOT can positively influence faster turnover rates and
procedural start times [4]. With regards to the influence the
OR staff have on TOT, some studies have examined the posi-
tive effects that a nursing team in the OR during the turnover
phase is associated with increase in surgical time and total
procedure time [5], while other studies found no association
between consistent OR staff and TOT [6]. Studies have also
explored how the overlapping of anesthetic inductions, and
pre-operative regional anesthesia block before the patient
enters the OR influences the TOT [7, 8]. These studies high-
light the importance of the human resource related factors
and the multidisciplinary approach in ensuring that longer
operative times are minimized. Yet, less attention has been
paid to the influence of TOT in specific OR team members—
the surgeon, anesthesia team and nursing team together—
have on the OR turnover rate, and the overall implication of
the operating work environment in the effective utilization
of hospital resources.

In this study, we aim to assess different operating room
procedures by different subspecialties and explore the factors
that positively and negatively influence turnover time in the
operating room. This study specifically explores if the same
surgeon, specialty dedicated ORs, and same anesthesiology
team improve efficiency in terms of TO. In addition, we ana-
lyze the OR TOT data to identify the etiology of delays and
propose recommendations to enhance the workflow process
to meet patients’ needs while concurrently improving the
intraoperative efficiency.

Methods
Study population

A retrospective review of scheduled procedures from July
1, 2017 through March 31, 2018 completed in the ORs of a
tertiary, academic teaching hospital. Analyzed cases were
restricted to adult elective, scheduled surgical procedures
that were completed on weekdays and occurred between
0700 and 2359. Pediatric cases, urgent and emergent cases,
add-on cases, and cases starting between 0000 and 0659
were excluded.

Data collection

Case data was tracked prospectively within the institution’s
electronic health record system. Baseline characteristics
included case type, patient status (inpatient vs outpatient),
patient check-in time, specialty, type of procedure, primary
surgeon, and primary anesthesiologist. Procedural variables
analyzed include American Society of Anesthesiologists
(ASA) Physical Status, procedure start time, procedure end
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time, wheel-in time, and wheel-out time. TOT was defined
as the time from when the preceding procedure ended to
when the subsequent case was wheeled into the OR (wheel-
in time minus procedure end time).

Statistical analysis

Baseline characteristics and outcome variables were classi-
fied as categorical or continuous variables. The univariate
analysis was performed using Wilcox and Kruskal-Wallis
tests. A multivariate analysis was performed using a Poisson
multivariate regression with TOT as the dependent variable
to analyze the impact of confounders including procedure
end time with a cut-off of 15:00 given that that is the time
for nursing staff shift change, ASA physical status, consecu-
tive surgeon, consecutive anesthesia team, consecutive sur-
geon, and anesthesia team, whether the surgeon was operat-
ing in multiple rooms simultaneously. Statistical analyses
were performed using R version 3.6.3 [9]. For the statistical
analyses, the following R packages were used: car, dvmisc,
generalhoslem, MASS, RColorBrewer, tidyverse, and wri-
texl R packages [10]. Odds ratios (OdR) were calculated
with a 95% confidence interval (CI) and significance was
determined by p-value less than 0.05.

Results

A total of 2,714 cases were included in the analysis. Cases
were divided based on 13 different subspecialties. Mean
TOT was highest for transplant surgery cases (109 + 86 min)
and lowest for orthopedic surgery cases (71 +48 min)
(Table 1 and Fig. 1). When comparing each specialty
TOT to other specialties, orthopedic and general surgery
cases without robotics had lower mean TOT than all other

Table 1 Mean turnover time (TOT) based on surgical specialty

Specialty N TOT (min +SD)
Transplant Surgery 192 109 +96
Urology 41 100+98
Plastic Surgery 138 94+71
Gynecologic Oncology 13 92+75
Vascular Surgery 48 92+108
General Surgery with Robotics 114 90+52
Thoracic Surgery 103 89+104
Gynecology 40 82+92
Neurosurgery 670 79+63
General Surgery 489 74+ 80
Otolaryngology 173 72+83
Orthopedics 693 71+58

Min minutes, SD standard deviation
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Fig. 1 Mean turnover time dif-
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subspecialties combined, while general surgery with robot-
ics, transplant surgery, plastic surgery, urology, and thoracic
surgery had longer mean TOT times than all other subspe-
cialty cases (Supplemental Table).

Cases were next analyzed based on the ASA physical sta-
tus of the following patient. Mean TOT was highest for ASA
level 4 cases and this was significantly different from ASA
level 2 cases (Table 2 and Fig. 2). ORs with cases with the
same specialty had lower mean TOT than rooms with cases
switching between specialties (70 vs. 117 min; p <0.0001).
Cases with the same surgeon and/or anesthesiologist team
had a lower TOT than cases with different surgeons and/or
anesthesiologist (p <0.0001; Table 3 and Fig. 3).

Upon multivariate analysis of relevant variables affect-
ing turnover, consecutive specialty (OdR 0.86; p<0.0001),
consecutive surgeon (OdR 0.58; p<0.0001), anesthesiolo-
gist (0.72; p<0.0001), and prior procedure ending before
15:00 (OdR 0.89; p<0.0001) were independent predictors
of lower TOT, while a surgeon running simultaneous pro-
cedures in two rooms was predictive of a greater TOT (OdR
1.04; p<0.0001) (Table 4).

Discussion

This retrospective study of 2,714 OR cases demonstrates
that the transition of primary specialty, surgeon, or anes-
thesiologist in each OR is associated with an increase in
TOT between cases throughout the day. This underscores
the importance of a cohesive team or unit within a functional

Table2 Mean turnover time (TOT) based on American Society of
Anesthesiologists (ASA) status

ASA N Median TOT (min)  p-value

1 160 85 <0.0001
2 1188 76

3 1319 80

4 47 97

Min minutes

30 60 90 120
Mean TOT (minutes)

OR. Through a multivariate analysis, our results showed that
rooms with a consecutive surgeon, consecutive anesthesi-
ologist, as well as case end-times prior to 1500 were all
independently associated with decreased TOT.

Our study found an association between change in pri-
mary surgeon on TOT. Specifically, results showed that
TOT between cases with the same surgeon was shorter than
TOT between cases with different surgeons (median TOT:
66 vs. 110 min, p<0.0001). These findings were similar to
a study of 53,036 cases by Austin et al. who found the mean
TOT for rooms following cases with the same surgeon to be
lower than rooms with different surgeons in following cases
by 7.4 min (43.6 vs. 50.0, p<0.0001). Another study also
found prolonged tracheal extubation if there are less than
five previous interactions between the anesthesia team and
primary surgeon [11]. One possible reason for the observed
prolonged time increase is that different surgeons typically
use different instrumentation and set up thus requiring more
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Fig.2 Mean turnover time based on next operative case patient ASA
physical status. *p <0.05; **p <0.01
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Table 3 Mean turnover time (TOT) based on consecutive specialty
and teams

Variable N TOT (min+SD) p-value

Consecutive Specialty Y 1888  70+39 <0.0001
N 826 117 +£88

Consecutive Surgeon Y 1530  66+21 <0.0001
N 1184 110+83

Consecutive Y 1450  68+36 <0.0001

Anesthesiologist N 1264 98+82
Min minutes

time between cases [12]. Institutions will often use block
booking, the practice of scheduling one surgeon to one
operating room for up to a full day, as a strategy to meet
elective surgical demand and maximize anesthesia produc-
tivity. Keeping the same surgeon in the room, when pos-
sible, would also decrease the amount of communication
required between teams assigned to each case. Theoretically,
this could decrease the amount of time needed to change
equipment or alter set up to fit the preferences of a different
surgeon.

Our study also found an association with significance
among TOT in ORs that followed cases with surgeons of
the same specialty. Results found median TOT to be 70 min
in rooms with surgeons following in the same specialty com-
pared to 117 min in ORs following with surgeons of a differ-
ent specialty (p <0.0001). Austin et al. found there to be a
small increase (7.3 min) in TOT when changing specialties
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Fig.3 Mean turnover time difference between operative cases with or
without same consecutive specialties, surgeons, and/or anesthesiology
teams
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between cases [12]. Another study that looked at TOT from
the perspective of tardiness as defined by minutes beyond
the scheduled time a patient is rolled into the OR showed
no significant delay in the second case when switching spe-
cialties [13]. One possible explanation for these findings is
that designating ORs for a given specialty allows for easier
communication within departments and understanding of
OR preferences to optimize the time between cases.

Additionally, our study found that there is a significant
decrease in TOT based on consecutive anesthesiologist/
anesthesia teams (mean 68 vs. 98, p<0.0001) as compared
to cases with different teams. The association between
TOT and OR teams has been studied and reported in the
literature. A study by Stepaniak et al. which evaluated fixed
OR teams and turnover times, found that these teams had
lower preparation times and TOT among the same consecu-
tive cases. When asked to describe the experience within
fixed teams, the study found that surgeons believed that
because of extended debriefing at the start of the day and
team morale, OR handling was optimized [14]. All in all,
this has its scheduling implications and as stated above may
be beneficial for specialty designated ORs with significant
decrease in TOT.

To assess if patient comorbidities as a variable affects
TOT, our study also examined the relationship between dif-
ferent ASA physical status classification system and TOT.
The ASA physical status classification has long been estab-
lished to assess pre-anesthesia medical comorbidities in sur-
gical patients. Since its genesis, this classification system
has functioned in conglomeration with other factors (such
as type of procedure, frailty, etc.) as a predictor of perio-
perative complications with rising classes [15]. We found
the highest mean TOT (97 min) in ASA level 4 cases and a
significantly different TOT in these cases from ASA level 2
cases although this difference was noted when compared to
ASA level 1 patients most likely given the lower portion of
patients designated ASA level 1 status. Increased average
TOT is likely related to the comorbidities associated with
difficult or longer intubation/extubation times or immedi-
ate post-operative complications. Lindeborg et al. found
comorbidities such as chronic obstructive pulmonary disease
which may increase risk of extubation failure [16]. Com-
plications such as these can increase time between patients
and delay start times of subsequent procedures. In theory, if
ASA physical status can be used to manage OR scheduling
to prevent stacking of these patient profiles, longer TOT can
be anticipated and better optimized to maintain efficiency.

Similarly, effective utilization of the OR staff and sup-
port teams schedules could significantly affect the time in
between cases. In our study, we found a significant differ-
ence in TOT when looking at procedures that began before
1500 and after 1500 (mean 78 vs 96, p <0.0001). It is worth
noting that at 1500 is when most of the shift changes happen
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Table 4 Multivariate linear
regression analysis of variables

affecting turnover time

Variable Estimate OR 95% C1 p-value

Procedure End Time Before 1500 -0.077 0.90 0.89-0.91 <0.0001
ASA status —-0.008 0.98 0.98 - 1.00 0.0500
Consecutive Specialty —-0.149 0.86 0.85-0.87 <0.0001
Consecutive Surgeon -0.538 0.58 0.58 - 0.59 <0.0001
Consecutive Anesthesiologist -0.332 0.72 0.71-0.73 <0.0001
Running Multiple Operating Rooms +0.043 1.04 1.03 - 1.06 <0.0001

ASA American Society of Anesthesiologists, OR odds ratio, CI confidence interval

for the OR nursing and support staff; thereby, highlighting
the importance of understanding how staff changes affect
overall OR productivity. Interestingly, Marsusky et al. found
no increase in turnover time if the anesthesia team received
incremental financial incentive after 1530 to stay after
for late OR cases in their study [17]. The significance of
these findings underscores the complexity of this study and
requires more investigation to determine if the differences
are due to inadequate level of staffing once the shift-change
occurs or a result of the differences in incentivization struc-
ture between the shift-based versus case-based employees.

Our findings warrant further investigation into the long-
term implications of these shift-based changes on organi-
zational operational costs. A study that looked at four aca-
demic tertiary hospitals estimated that a reduction in average
TOT of 3 to 9 min would result in a 0.8 to 1.8% decrease in
staffing costs, while reductions in 10 to 19 min would result
in 2.5 to 4.0% reduction in staffing costs [18]. While these
predictions are specific to the impact reducing TOT could
have on staffing costs, it is possible that the impact can be
extrapolated to decreasing operational costs. The considera-
tions that exist with ensuring that there is adequate staffing
to cover an OR requires coordination between the different
groups that comprise the OR teams.

Another technique frequently used to increase efficiency
in the OR is scheduling overlapping cases. Decisions sur-
rounding overlapping surgery involves balancing multiple
legal, ethical, and operational considerations, as well as
regulatory and political pressures within the hospital. In
this scenario, the primary attending surgeon must assign
immediate availability in the first operating room to another
attending surgeon. The patient needs to be informed in either
of these circumstances. From a surgeon’s perspective, the
rationale behind running two overlapping ORs is to com-
plete more cases efficiently and safely in a day. Theoreti-
cally, this allows for the surgeon to operate during the turno-
ver time of the other room. Currently, the decision is often
based primarily on patient demand for a specific surgeon
and available OR capacity. Our analysis shows that running
overlapping ORs actually increases TOT. For the benefits
of increased throughput to be realized, other factors such
as patient safety, operational/cost factors, and regulatory

compliance, need to be considered. It is important to note
that economic benefits may be offset by medical-legal risks
or lessened overall efficiency if overlapping surgeries are
not managed appropriately [19]. Therefore, comparison of
overlapping and non-overlapping surgical procedures needs
to be further characterized to ensure the safety of running
simultaneous ORs [20].

Effective utilization and management of the OR to
improve healthcare costs have not only been studied within
the healthcare industry but in the corporate world as well.
Over the years, several industries including Toyota and
Motorola have created the lean management systems and the
six-sigma operational model respectively, to streamline their
workflow and utilize their resources effectively [21]. These
processes were adapted by these corporations to eliminate
processes that do not add to product value. Due to its effec-
tiveness in boosting the productivity in the corporate world,
lean management systems and six-sigma model have been
adopted by not just the automotive industry, but also the
Department of Defense [22]. Similarly, it is prudent for the
healthcare industry to assess the similarities in these inter-
ventions and how they can be applied with the framework
of today’s evolving healthcare. Both industries: corporations
and healthcare all exist to serve the needs of its consumers or
patients, provide safety, and thrive based on the satisfaction
of its patrons: consumers and patients alike. Thus, within the
operating room workflow, process mapping and deep exami-
nations of each step of the patient journey from preoperative
visit to postoperative discharge can have multiplicative ben-
efits that extend from cost savings to maintaining the focus
on improving quality and patient/customer safety. Overall,
this study underscores the need for a longitudinal assessment
of the effects of the perioperative workflow either improves
or worsens healthcare expenditure and patient satisfaction.

Limitations

Although a large study in terms of sample size, the retro-
spective design of our study remains a limitation. The data
and documentation available to us based on operative and
anesthesia records which limits our ability to verify accu-
racy. There are certain variables that we were not able to
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account for in this study including postoperative anesthesia
care unit hold times which may lengthen turnover time as
patients are held in the OR until a recovery bed is available.
Another variable is extubation time (time from procedure
end to patient out of room), which may be increased in cer-
tain procedures depending on level of anesthesia. This study
is also a single institution study. Specific institutional culture
and behaviors are likely to be institution-specific and may
not be reflective of other academic medical centers. Moreo-
ver, there may not be equal representation of all subspecial-
ties within the study as only 13 gynecology oncology cases
were included while neurosurgical and orthopedic cases
make up more than half the cases reviewed. We also only
included elective cases. Urgent or emergent cases that occur
usually delay elective cases if there is not another available
OR.

Conclusion

TOT can be affected by changes in OR team members,
including surgeon and anesthesiologist. Assigning spe-
cific ORs to the same team members for elective cases can
decrease TOT and potentially increase operating room effi-
ciency during the day. Further prospective, larger studies
may be needed to delineate the effect of individual variables
on OR efficiency and healthcare cost.
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tary material available at https://doi.org/10.1007/s10916-022-01802-6.
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