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Abstract There has been little in the development or applica-
tion of operating room (OR) management metrics to non-
operating room anesthesia (NORA) sites. This is in contrast
to the well-developed management framework for the OR
management. We hypothesized that by adopting the concept
of physician efficiency, we could determine the applicability
of this clinical productivity benchmark for physicians provid-
ing services for NORA cases at a tertiary care center. We
conducted a retrospective data analysis of NORA sites at an
academic, rural hospital, including both adult and pediatric
patients. Using the time stamps from WiseOR® (Palo Alto,
CA), we calculated site utilization and physician efficiency for
each day. We defined scheduling efficiency (SE) as the num-
ber of staffed anesthesiologists divided by the number of
staffed sites and stratified the data into three categories
(SE < 1, SE = 1, and SE >1). The mean physician efficiency
was 0.293 (95% CI, [0.281, 0.305]), and the mean site utili-
zation was 0.328 (95% CI, [0.314, 0.343]). When days were

stratified by scheduling efficiency (SE < 1, =1, or >1), we
found differences between physician efficiency and site utili-
zation. On days where scheduling efficiency was less than 1,
that is, there are more sites than physicians, mean physician
efficiency (95% CI, [0.326, 0.402]) was higher than mean site
utilization (95% CI, [0.250, 0.296]). We demonstrate that
scheduling efficiency vis-à-vis physician efficiency as an OR
management metric diverge when anesthesiologists travel be-
tween NORA sites. When the opportunity to scale operational
efficiencies is limited, increasing scheduling efficiency by in-
corporating different NORA sites into a Bblock^ allocation on
any given day may be the only suitable tactical alternative.
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Introduction

In the United States, non-operating room anesthesia (NORA)
case volumes continues to grow as demand for anesthesia
services increases [1]. For clinical directors, the tactical and
operational decisions used to manage NORA services are
borrowed from the operating room management literature.
For instance, Dexter et al. had argued that staffing for
NORA cases should provide open access with a reasonable
release time, aim to reduce over-utilized time, and schedule
cases sequentially [2, 3]. Tactically, these policies supposedly
allow anesthesiology groups to appropriately fill the available
NORA time or condense any unused block time. Further,
there has been little in the development or application of op-
erating room management metrics to NORA case lists.
Gabriel et al. [4] created an OR metrics score card for individ-
ualized feedback, and in 2006,Macario published a dashboard
of operating room management benchmarks. A similar
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dashboard optimizing the staffing and scheduling for NORA
sites is lacking. Finally, the tactical planning for NORA ser-
vices with low utilization rates is similar to surgeons who do
not operate on a daily basis. For example, a weekly NORA
block allocation may be assigned to interventional cardiology
for 3 days, to gastroenterology for 1 day, and to pediatric
sedation on the last day.

The operationalization of NORA services has direct impli-
cations for anesthesiologists. Abouleish et al. have established
a set of individual and group productivity benchmarks for
anesthesiology departments [5, 6]. These metrics provide a
structural basis to compare different anesthesiology groups
and individuals within the same group. Hudson argued that
there are a myriad of reasons that anesthesiologists differ in
productivity measures [7]. He categorized the factors as fol-
lows: billable hour efficiency, staffing efficiency, and organi-
zational and caseload management factors. He also defined
billable efficiency as the minutes billed divided by the minutes
staffed in an effort to understand operating room efficiency
across a large, multi-hospital system. Underlying both sets of
benchmarks is a common denominator, a site (or block allo-
cation) or an anesthesia provider.

For many NORA sites, an individual anesthesia health care
team member may staff several sites in one day. For instance,
an anesthesiologist may start the day in interventional radiol-
ogy for an aneurysm coiling, move to endoscopy for several
procedures, and finish the day in the interventional pulmonary
suite. Using Abouleish’s methodology, the application of the
site for NORA case lists becomes difficult when an anesthe-
siologist staffs more than one location in a given day.
Therefore, we adopted the concept of physician efficiency,
minutes utilized divided by minutes staffed, using Hudson’s
definition of billable efficiency. In this study, we tested the
hypothesis that physician efficiency and site utilization, an
OR management metric, diverge when anesthesiologists trav-
el between NORA sites.

Methods

We extracted the daily operational schedules from
OpenTempo® (Williston, VT) for all NORA cases at our in-
stitution between January 1st, 2015 and December 31st, 2015,
and compared them to the daily sedation list which had been
published in ORManager (OPTUM, Eden Prairie, WI). Cases
that were scheduled, but not completed were identified by the
lack of a recorded start time and/or attending anesthesiologist
and removed.We also excluded cases performed on the week-
ends and holidays. ECTand obstetric cases were extracted, but
were not included in the final analysis. Also, cases staffed by
residents supervised by an anesthesiologist or cases staffed by
per diem physicians were not included in analysis. Cases with
multiple anesthesiologists listed were investigated using

PICISAnesthesiaManager in order to determine the time each
listed physician spent on a case.

Using the time stamps fromWiseOR® (Palo Alto, CA), we
calculated site utilization and physician efficiency for each
day using Microsoft Excel (Microsoft Corp., Redmond,
WA). We used a 10-h (600 min) day for the denominator
except for Thursdays (540 min). Previously, Abouleish et al.
established the concept of FTE/site and tASA/FTE to generate
benchmarks to compare anesthesiology groups and physicians
within anesthesiology groups [5, 6]. For this study, we defined
FTE/site as scheduling efficiency (SE). We calculated this
ratio and stratified the data to the following groups: SE < 1,
SE = 1, or SE >1. Confidence intervals (CIs) for each strati-
fied, daily case list were calculated using Microsoft Excel
(Redmond, WA).

Results

We calculated physician efficiency and site utilization for 256
separate days. There were 1278 separate events for physician
efficiency and 1140 separate events for site utilization. We
attributed the difference in the number of events to a physician
being relieved or a physician working in multiple sites
throughout the day. Table 1 summarizes the calculated values
of physician efficiency and site utilization. The mean physi-
cian efficiency was 0.293 (95% CI, [0.281, 0.305]), and the
mean site utilization was 0.328 (95% CI, [0.314, 0.343]).
When days were stratified by scheduling efficiency (SE < 1,
=1, or >1), we found differences between physician efficiency
and site utilization (Table 2). On days where scheduling effi-
ciency was less than 1, that is there are more sites than physi-
cians, mean physician efficiency (95%CI, [0.326, 0.402]) was
higher than mean site utilization (95% CI, [0.250, 0.296]).
When scheduling efficiency was greater than 1 (i.e., more
physicians than sites), mean site utilization (95% CI, [0.360,
0.402]) was greater than mean physician efficiency (95% CI,
[0.257, 0.281]). When the same number of anesthesiologists
and sites are staffed (SE = 1), there is no difference between
physician efficiency and site utilization.

Discussion

In the U.S., the proportion of NORA cases have significantly
increased in parallel with the progression of outpatient proce-
dures over the past two decades [1, 8, 9]. Using statistics from
the National Anesthesia Clinical Outcomes Registry
(NACOR), Nagrebetsky et al. [1] revealed that NORA care
increased in both hospital and non-hospital settings from
28.3% to 35.9% of all anesthetics between 2010 and 2014.
Although the recent growth of NORA care indicates the in-
creasing importance of understanding NORA efficiency [1],
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benchmarks to measure productivity of these cases are poorly
defined. Currently, the tactical and operational aspects of
NORA rely predominantly on the application of metrics
established in OR management literature.

At many hospitals and freestanding surgical centers, anes-
thesia and ancillary staffing are adjusted to maximize OR effi-
ciency [10–14] which is imperative to increasing anesthesia
group productivity [15]. Mcintosh et al. [15] established that
the most crucial step in maximizing OR efficiency is appropri-
ate allocation of OR time. Therefore, many studies have devel-
oped methods to calculate optimal OR allocation, whether sur-
gery dates are chosen by the surgeon and patient [10–14, 16] or
whether they are fixed within a specified time period [13,
17–20]. If too little or too much OR time is allocated, OR

efficiency is reduced due to increased overutilized or
underutilized time, respectively [10, 16]. Tactical staffing
should be scheduled to avoid scenarios where services fill their
allocated OR time and have another case to schedule [10, 12,
13, 21]. In situations where this is inevitable, OR efficiency can
still be enhanced by scheduling the case into an allocated OR
time of the service anticipated to have the greatest underutilized
OR time on the day of surgery, assuming the surgeon and
necessary resources are available [12]. Ultimately, tactical OR
allocation and operational decisions on the day of surgery both
aim to minimize the weighted sum of underutilized and
overutilized OR time [15]. Hence, OR utilization is a univer-
sally used criterion in determining whether more or less block
time is allocated to a surgical service.

Table 1 Distances between anesthesia sites at the University of Vermont Medical Center

A

IR [1] IC [3] MRI [L] CT [1] PET [1] EP [1] TAVR [1] MPU [3] RO [L]

PACU [3]* 118.6 50.5 203.3 199.9 132.4 173.2 156.8 35.4 389.8

B

PACU* [3] GI* [4] CSC* [4] IVF* [4]
GI* [4] 80.5 X 141.9 45.3

CSC* [4] 183.4 144.0 X 109.6

IVF* [4] 76.5 44.2 111.6 X

IR [1] 194.5 126.7 305.9 188.4

IC [3] 54.5 80.8 185.7 95.9

MRI [L] 228.4 250.4 358.0 272.3

CT [1] 212.6 177.9 279.1 192.5

PET [1] 184.6 159.5 294.0 176.5

EP [1] 220.4 199.3 321.4 214.3

TAVR [1] 176.3 187.0 308.6 199.8

MPU [3] 34.5 58.9 166.1 76.8

RO [L] 196.7 173.7 79.4 129.2

Distances (in meters) between NORA sites at the University of VermontMedical Center. Columns represent starting locations for an anesthesiologist and
rows signify the final destination. Two distances in a cell indicates two possible routes between locations. Asterisks (*) indicate sites where anesthe-
siologists leave patients for recovery. Brackets show the floor each site is on. (A) shows the distance between sites from which anesthesiologists must
return to the PACU with patients. (B) shows the distance to sites an anesthesiologists may venture to after a procedure at a site where the patient remains
for recovery. PACU = post anesthesia care unit. GI = endoscopy. CSC = child specialty center. IVF = in vitro fertilization. IR = interventional radiology.
IC = internal control. MRI = magnetic resonance imaging. CT = computed tomography. PET = positron emission tomography. EP = electrophysiology.
TAVR = cardiac catheterization lab. MPU = minor procedures units. RO = radiation oncology. [L] = lobby. [1] = 1st floor. [3] = 3rd floor. [4] = 4th floor

Table 2 – Physician Efficiency and Site Utilization stratified by Scheduling Efficiency

SE < 1 (n = 53) SE = 1 (n = 91) SE > 1 (n = 125)

PE SU PE SU PE SU

Mean 0.364 0.273 0.293 0.293 0.269 0.381

StDev 0.141 0.084 0.102 0.102 0.069 0.123

95% CI [0.326, 0.402] [0.250, 0.296] [0.272, 0.314] [0.272, 0.314] [0.257, 0.281] [0.360, 0.402]

Table 2 shows the means, standard deviations, and 95% confidence intervals for physician efficiency and site utilization when days are stratified by
scheduling efficiency. Scheduling efficiency is calculated for each day as the number of physicians divided by the number of sites utilized. Physician
efficiency and site utilization are equal on days when the scheduling efficiency is 1. On days where the scheduling efficiency is less than 1, physician
efficiency is greater than site utilization. When scheduling efficiency is greater than one, site utilization is greater than physician efficiency. Counts (i.e.,
n) are of days. SE = scheduling efficiency. PE = physician efficiency. SU = site utilization
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In 1998, our institution started Bopen access^ NORA block
allocations for clinical services that requested anesthesia for
their patients on a first-come, first serve basis. As case vol-
umes grew for individual service lines (Figs. 1 and 2), the
department expanded the number of NORA block allocations
using strategies based on OR management literature.
Although some services resemble their operating room coun-
terparts in terms of productivity, several services remain poor-
ly utilized and highly variable. These discrepancies highlight
the fundamental differences between NORA and OR cases
[2]: NORA locations are not as interchangeable as operating
rooms [2, 22–24], NORA workload variation is inherently
larger due to a smaller service size and NORA turnover times
are significantly longer. All of which support the claim that
utilization as an exclusive metric cannot guide block alloca-
tion [25–33] and that NORA management methods need to
differ from that in OR management literature to avoid
unsustainably large staffing costs [2].

With the goal to enhance NORA management, our study
attempted to determine the applicability of physician efficien-
cy as a clinical productivity benchmark for physicians provid-
ing NORA services. We found that regardless of concurrency,
our institution’s physician efficiency and utilization rates were
roughly 35%. More importantly, our results revealed a diverg-
ing relationship between physician efficiency and site utiliza-
tion with modifications in scheduling efficiency. This un-
covers the opportunity that physician efficiency can be used
as an additional point of reference in regards to block alloca-
tions and further reaffirms the assertion that block utilization
alone is not a sufficient metric for tactical decisions.
Understanding the relationship of these parameters can guide
hospital administrators and anesthesia leaders in efficiently
managing the expansion of NORA services. When resources
to scale operational efficiencies are limited, the optimization
of scheduling efficiency may be a suitable tactical alternative.
Ideally, anesthesiologists and program managers should ap-
propriate staff for NORA sites in a way that maximizes both
physician efficiency and site utilization.

There are several limitations to this study. First, our study
draws conclusions from the experience of a single, small,

academic hospital in a rural health care setting. Second, our
data show that our physician efficiency metrics are slightly
lower than our site utilization rates across a case list. This most
likely is a result of a physician relieving another physician of
their clinical responsibilities at the end of the day. Third, we
have not measured the previous metrics (e.g. time units, cases,
total ASA units billed) created for individual and group
benchmarks. Future studies should examine the differences
along different service lines. Finally, we have made certain
assumptions about our staffing models for NORA sites. Our
department typically staffs NORA sites with a sole anesthesi-
ologist. At times, an anesthesiologist may supervise an anes-
thesiology resident rotating on the NORA service. However, it
is rare that an anesthesiologist supervises more than one
NORA site. This factor limits the concurrency calculations
and may invalidate the framework for institutions with differ-
ent staffing models.

Author Contributions Mitchell H. Tsai, MD, MMM
Contribution: this author helped design and prepare the manuscript.
Tinh T. Huynh, BS
Contribution: this author helped design and prepare the manuscript.
Max W. Breidenstein, BS
Contribution: this author helped design and prepare the manuscript.
Stephen E. O’Donnell, MD
Contribution: this author helped design and prepare the manuscript.
Jesse M. Ehrenfeld, MD, MPH
Contribution: this author provided critical edits to the manuscript.
Richard D. Urman, MD, MBA
Contribution: this author helped design and prepare the manuscript.

Compliance with Ethical Standards

Funding None.

Conflict of Interest Richard Urman has received research grants from
Merck, Mallinckrodt, and Medtronic. Other Authors declare that they
have no conflict of interest.

Ethical Approval This article does not contain any studies with human
participants performed by any of the authors.

Informed Consent Informed consent was not required for this study.Fig. 1 Interventional cardiology monthly case volume since January 2010

Fig. 2 Endoscopy monthly case volumes since January 2010

112 Page 4 of 5 J Med Syst (2017) 41: 112



References

1. Nagrebetsky, A., Gabriel, R.A., and Dutton, R.P., Urman RD.
Growth of Nonoperating Room Anesthesia Care in the United
States: A Contemporary Trends Analysis. Anesth. Analg. 124:
1261–1267, 2017.

2. Dexter, F., Macario, A., and Cowen, D.S., Staffing and case sched-
uling for anesthesia in geographically dispersed locations outside of
operating rooms. Curr. Opin. Anaesthesiol. 19:453–458, 2006.

3. Dexter, F., and Wachtel, R.E., Scheduling for anesthesia at geo-
graphic locations remote from the operating room. Curr. Opin.
Anaesthesiol. 27(4):426–430, 2014.

4. Gabriel, R.A., Cimlich, R., Ehrenfeld, J.M., and Urman, R.D.,
Operating room metrics score card – Creating a prototype for indi-
vidualized feedback. J. Med. System. 38:144, 2014.

5 Abouleish, A.E., Prough, D.S., Zornow, M.H., Lockhart, A., Abate,
J.J., and Hughes, J., Designing meaningful industry metrics for clin-
ical productivity for anesthesiology departments. Anesth. Analg.
93(2):309–312, 2001.

6 Abouleish, A.R., Zornow, M.H., Levy, R.S., Abate, J., and Prough,
D.S., Measurement of individual clinical productivity in an academ-
ic anesthesiology department. Anesthesiology. 93:1509–1516, 2000.

7 Hudson, M.E., Benchmarking anesthesiologists’ performance:
Understanding factors that impact productivity. ASA Monitor.
80(6):40–42, 2016.

8 Campbell, K., Torres, L., and Stayer, S., Anesthesia and sedation
outside the operating room. Anesthesiol. Clin. 32:25–43, 2014.

9. American Hospital Association. TrendWatch Chartbook 2016:
Trends Affecting Hospitals and Health Systems. http://www.aha.
org/research/reports/tw/chartbook/2016/2016chartbook.pdf.
Accessed April, 2017.

10 Strum, D.P., Vargas, L.G., and May, J.H., Surgical subspecialty
block utilization and capacity planning: A minimal cost analysis
model. Anesthesiology. 90:1176–1185, 1999.

11 Dexter, F., Epstein, R.H., and Marsh, H.M., Statistical analysis of
weekday operating room anesthesia group staffing at nine indepen-
dently managed surgical suites. Anesth. Analg. 92:1493–1498,
2001.

12 Dexter, F., and Traub, R.D., How to schedule elective surgical cases
into specific operating rooms to maximize the efficiency of use of
operating room time. Anesth. Analg. 94:933–942, 2002.

13 Dexter, F., andMacario, A., Changing allocations of operating room
time from a system based on historical utilization to one where the
aim is to schedule as many surgical cases as possible. Anesth. Analg.
94:1272–1279, 2002.

14 Epstein, R.H., and Dexter, F., Statistical power analysis to estimate
how many months of data are required to identify operating room
staffing solutions to reduce labor costs and increase productivity.
Anesth. Analg. 94:640–643, 2002.

15 Mcintosh, C., Dexter, F., and Epstein, R.H., The impact of service-
specific staffing, case scheduling, turnovers, and first-case starts on
anesthesia group and operating room productivity: A tutorial using
data from an Australian hospital. Anesth. Analg. 103(6):1499–1516,
2006.

16 Strum, D.P., Vargas, L.G., May, J.H., and Bashein, G., Surgical suite
utilization and capacity planning: A minimal cost analysis model.
J. Med. Syst. 21:309–322, 1997.

17 Dexter, F., Traub, R.D., and Macario, A., How to release allocated
operating room time to increase efficiency: Predicting which

surgical service will have the most under-utilized operating room
time. Anesth. Analg. 96:507–512, 2003.

18 Dexter, F., Macario, A., Traub, R.D., Hopwood, M., and Lubarsky,
D.A., An operating room scheduling strategy to maximize the use of
operating room block time. Computer simulation of patient sched-
uling and survey of patients’ preferences for surgical waiting time.
Anesth. Analg. 89:7–20, 1999.

19 Dexter, F., Macario, A., and O’Neill, L., Scheduling surgical cases
into overflow block time: Computer simulation of the effects of
scheduling strategies on operating room labor costs. Anesth.
Analg. 90:980–986, 2000.

20 Dexter, F., Macario, A., Qian, F., and Traub, R.D., Forecasting sur-
gical groups’ total hours of elective cases for allocation of block
time: Application of time series analysis to operating room manage-
ment. Anesthesiology. 91:1501–1508, 1999.

21 Dexter, F., Macario, A., and Traub, R.D., Which algorithm for
scheduling add-on elective cases maximizes operating room utiliza-
tion? Use of bin packing algorithms and fuzzy constraints in oper-
ating room management. Anesthesiology. 91:1491–1500, 1999.

22 Lu, A.C., Wald, S.H., and Sun, E.C., Into the wilderness?: The
growing importance of nonoperating room anesthesia care in the
United States. Anesth. Analg. 124:1044–1046, 2017.

23 Goudra, B., Alvarez, A., and Singh, P.M., Practical considerations in
the development of a nonoperating room anesthesia practice. Curr.
Opin. Anaesthesiol. 29:526–530, 2016.

24 Eichhorn, V., Henzler, D., and Murphy, M.F., Standardizing care
and monitoring for anesthesia or procedural sedation delivered out-
side the operating room. Curr. Opin. Anaesthesiol. 23:494–499,
2010.

25 Dexter, F., Macario, A., Traub, R.D., and Lubarksy, D.A., Operating
room utilization alone is not an accurate metric for the allocation of
operating room block time to individual surgeons with low case-
loads. Anesthesiology. 98(5):1243–1249, 2003.

26 Dexter, F., Macario, A., and Lubarsky, D.A., Impact on revenue of
increasing patient volume at surgical suites with relatively high op-
erating room utilization. Anesth. Analg. 92:1215–1221, 2001.

27 Dexter, F., Blake, J.T., Penning, D.H., and Lubarsky, D.A.,
Calculating a potential increase in hospital margin for elective sur-
gery by changing operating room time allocations or increasing
nursing staffing to permit completion of more cases: A case study.
Anesth. Analg. 94:138–142, 2002.

28 Macario, A., Dexter, F., and Traub, R.D., Hospital profitability per
hour of operating room time can vary among surgeons. Anesth.
Analg. 93:669–675, 2001.

29 Dexter, F., Blake, J.T., Penning, D.H., Sloan, B., Chung, P., and
Lubarsky, D.A., Use of linear programming to estimate impact of
changes in a hospital’s operating room time allocation on perioper-
ative variable costs. Anesthesiology. 96:718–724, 2002.

30 Gerchak, Y., Gupta, D., and Henig, M., Reservation planning for
elective surgery under uncertain demand for emergency surgery.
Manag. Sci. 42:321–324, 1996.

31 Young, J.P., Stabilization of inpatient bed occupancy through con-
trol of admissions. Hospitals. 39:41–48, 1965.

32 Hancock, W.M., and Martin, J.B., Storer RH: Simulation-based oc-
cupancy recommendations for acute medical/surgical units using
admission scheduling systems. Inquiry. 15:25–32, 1978.

33 Wachtel, R.E., and Dexter, F., Tactical increases in operating room
block time for capacity planning should not be based on utilization.
Anesth. Analg. 106(1):215–226, 2008 table of contents.

J Med Syst (2017) 41: 112 Page 5 of 5 112

http://www.aha.org/research/reports/tw/chartbook/2016/2016chartbook.pdf
http://www.aha.org/research/reports/tw/chartbook/2016/2016chartbook.pdf

	A System-Wide Approach to Physician Efficiency and Utilization Rates for Non-Operating Room Anesthesia Sites
	Abstract
	Introduction
	Methods
	Results
	Discussion
	References


