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Abstract Realistic scheduling of operating room cases de-
creases costs, optimizes utilization and improves staff and
patient satisfaction. Currently limited data exists to establish
anesthesia-controlled time benchmarks based on specific sub-
specialty service. In this multicenter retrospective analysis of
cases performed during a 53 month period at two large
multispecialty academic institutions, data were retrieved from
the perioperative information systems at each center. Both
induction and emergence times were calculated. We then
determined mean and median anesthesia controlled times
based on each subspecialty service and compared them to
previously published anesthesia-controlled time data. We ob-
tained data on 104,184 cases at hospital A, and 122,560 cases
at Hospital B. For all specialties at hospital A and hospital B,
median induction time was 16.0 min and 17.0 min, emergence
time was 14.0 and 8.0 min, and total anesthesia controlled
time was 31.0 min and 27.0 min respectively. There was
considerable variability among different surgical specialties
deviating from the previously established 30 min benchmark.
Subspecialties with lower total anesthesia controlled times in
both centers were pain, general surgery, gynecology, plastic
surgery and urology. Subspecialties with higher total anesthe-
sia controlled times in both centers included cardiac surgery,
neurosurgery, transplant and vascular. Cardiac surgery had the
highest total time of 60 min and 50 min at Hospital A and B
respectively. Individual specialty-specific anesthesia
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controlled times should be used for case scheduling and to
benchmark anesthesia performance.
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Introduction

In an era of decreasing reimbursement and aggressive cost-
cutting by hospitals, running an efficient and profitable oper-
ating room (OR) suite has become a significant priority for
both academic and non-academic institutions [1-3]. Realistic
scheduling of OR cases, including accurate prediction of
anesthesia-controlled time (ACT), surgical time, and turnover
time (TOT) helps improve staff and patient satisfaction, de-
crease costs and minimize under- or overutilization of the OR
[4, 5]. Several benchmarks such as ACT, surgical control time,
and TOT are used to gauge the operational efficiency of
operating rooms. However, little work has been done to es-
tablish ACT benchmarks for heterogeneous tertiary care aca-
demic institutions, especially ACT benchmarks for each major
surgical subspecialty service.

Although there are no standards for ACT, most hospitals
use 30 min as a benchmark and arbitrarily divided that time
interval into 15 min for completion of induction (ACT 1) and
15 min for anesthesia emergence (ACT 2) that occurs after the
procedure is completed, but before the patient is ready to be
transferred to post-anesthesia recovery [6]. However, in clin-
ical practice there is a substantial variation in ACT among
surgical subspecialties and between ACT 1 and ACT 2. Ad-
ditionally, there is no precise benchmark data available for
ACT’s as a reference for each subspecialty. Previous studies
have examined ways to predict anesthesia induction times [7,
8], reasons for anesthesia-related delays [8], predictors of
anesthetic inductions times taking into consideration patient,
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anesthetic and procedure characteristics [9], as well as ways to
decrease ACTs [10].

The purpose of this retrospective study is to determine
actual ACTs for each surgical service at two large academic
institutions that can be used as benchmarks to improve plan-
ning of OR schedule based on the subspecialty.

Materials and methods
Case selection and data collection

This two center study was conducted at Brigham and
Women’s Hospital (a 793 bed adult tertiary referral center)
and Vanderbilt University Medical Center (a 1,023 bed tertia-
ry referral center), using hospital quality data to obtain ACTs
during a 53-month period from October 2008 to February
2013. Data were analyzed for each surgical division, and mean
and median ACT values were calculated. In our analysis we
included 16 surgical subspecialties that performed at least 100
cases over the study period.

We used the ACT definition as established by the Ameri-
can Association of Clinical Directors [11]. The Induction time
or ACT 1 was defined as the period starting when the patient
entered an OR to when the airway was secured and the patient
was turned over to the surgical team. Emergence time or ACT
2 was defined as the time starting when the surgical dressing
was completed to when the patient was ready to be transferred.
ACT is the sum of ACT 1 and ACT 2.

ACT 1 and ACT 2 were calculated for each unique surgical
case on record, using a subset of timestamps that are routinely
documented by the operating room staff throughout the dura-
tion of a surgical procedure. Relevant timestamps at the two
hospitals were “Patient Into OR,” “Induction Complete,”
“Surgery End,” and “Ready to Transfer.” Timestamps are
generally entered synchronously with the referenced event
by a single keystroke that automatically populates the current
time. However, timestamps can also be manually entered, thus
introducing some human error and variability. This is not
unique to the clinical systems in use at the two study hospitals,
but is rather a limitation in many electronic clinical systems
for intraoperative documentation.

Statistical analysis

ACT data was calculated using actual OR time points for
unique surgical cases. The time points used were electronical-
ly documented intraoperatively by the operating room staff
assigned to each case. For mean and median ACT figures and
ACT distributions, data analysis, including calculations of
means, medians and standard deviations, was performed using
SAS (version 9.2, Cary NC) and Microsoft Excel software
(version 2011). Cases were excluded from the analysis if (a)
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one or more time stamps necessary for either ACT 1 or ACT 2
calculations were missing or (b) data was anachronistic, or (c)
data was not realistic.

Results

We obtained complete data on a total of 104,184 cases at
Hospital A and 122,560 at Hospital B. Mean and median
ACT values are shown in Tables 1 and 2 and a list of all
subspecialties with corresponding median ACT times is
shown as a bar graph in Fig. 1.

Variability between surgical subspecialties

For all specialties combined, the median induction time (ACT 1)
was 16.0 min at Hospital A and 17.0 min at Hospital B.
Anesthesia emergence time (ACT 2) was 14.0 min at Hospi-
tal A and 8.0 min at Hospital B. The median total ACT was
31.0 min at Hospital A and 27.0 min at Hospital B (Tables 1,
2 and Fig. 1). There was considerable variability among
different surgical specialties. Median values for ACT 1,
ACT 2, and total ACT were similar to mean values in nearly
every case. Using a 30 min total ACT (ACT 1+ACT?2) bench-
mark [6], subspecialties with relatively low total ACT
values were the following: pain, burn, general surgery,
gynecology, orthopedics, oncology, plastic surgery, and
urology. Subspecialties with lower total anesthesia con-
trolled times in both centers were pain, general surgery,
gynecology, plastic surgery and urology. Subspecialties
with higher total anesthesia controlled times in both
centers included cardiac surgery, neurosurgery, trans-
plant and vascular. At both centers, the top service with
the highest total median ACT values was cardiac sur-
gery with values of 60.0 min and 48 min at Hospital A
and B respectively.

Variability within surgical subspecialties

In addition to the variability that we observed between surgi-
cal subspecialties, we examined the variability within each
subspecialty at Hospital A as shown in Table 3. We grouped
total ACT time into 10-min intervals and calculated the dis-
tribution of cases within each. No more than 38 % of cases
within a single service correlated to a single interval, and, for
most services, total ACT for the majority of cases would span
a 30 to 40-min range. For instance, in Neurosurgery (n=
4,545) about 32 % of cases had a total ACT of 0-30 min,
another 40 % were between 31-50 min, and 28 % were longer
than 50 min (Fig. 2).
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Table 2 Anesthesia-controlled times—Hospital B October 2008—February 2013

Count of Median Mean of StdDev of Median mean of StdDev of Median Mean of  StdDev of
ACT 1 ACT1 ACTI1 ACT 1 ACT2 ACT2 ACT 2 ACT1 ACT1 ACTI+ACT 2
+ACT2 +ACT?2
Anesthesia (Pain) 115 13.00 14.63 991 7.00 7.94 5.75 20.00 22.57 12.00
Burn 1,949 22.00 24.31 13.80 10.00 11.62 8.45 33.00 35.93 17.09
Cardiac 4,241 37.00 38.00 16.70 10.00 11.89 11.23 48.00 49.89 20.31
Dentistry 2,548 18.00 20.29 11.95 10.00 11.39 7.64 30.00 31.69 15.22
General & Gl surgery 19,671 15.00 17.09 11.19 9.00 10.57 9.10 25.00 27.66 15.35
Gynecology 8,393 13.00 15.35 8.98 6.00 7.13 5.64 20.00 22.48 11.25
Neurosurgery 10,863 25.00 28.72 18.91 11.00 13.21 9.82 37.00 41.93 23.28
Orthopedic 22,544 19.00 22.49 15.10 8.00 9.74 30.21 28.00 32.22 34.28
Oncology 8,344 15.00 17.97 12.13 7.00 8.41 6.58 23.00 26.38 15.29
Ophthalmology 4,708 11.00 12.32 7.01 5.00 6.60 5.72 17.00 18.92 10.55
Otorhinolarnygology 8,907 16.00 19.24 21.76 11.00 12.26 791 28.00 31.50 23.58
Plastic surgery 6,230 17.00 19.69 11.89 8.00 9.82 7.02 27.00 29.51 14.98
Thoracic 3,103 24.00 27.74 19.42 11.00 13.93 12.04 38.00 41.67 23.69
Transplant 1,627 30.00 33.38 20.49 11.00 14.65 16.45 44.00 48.04 26.33
Urology surgery 14,756 14.00 16.45 9.35 8.00 8.93 6.00 23.00 25.38 11.68
Vascular surgery 4,561 17.00 21.56 15.71 7.00 11.21 109.80 26.00 32.77 111.08
Grand total 122,560 17.00 20.64 15.27 8.00 10.24 25.95 27.00 30.88 30.88
Anesthesia Control Time
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Fig. 1 Median anesthesia-controlled times Hospital A (October 2008—February 2013)
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Table 3 Total ACT distribution by surgical specialty Hospital A, Oct 2009—Sep 2012

Service Total ACT (ACT1+ACT2) Range (Min.)

N 0-10 11-20  21-30 3140 41-50 51-60 61-70  71-80  81-90  >90
ANE Pain service 434 9% 26% 34 % 20 % 6 % 3% 1% 0% 0% 0%
BTS Burn trauma 3,110 14% 28% 26 % 16 % 7% 3% 2% 1% 2% 1%
CAR Cardiology 4,216 1% 2% 6 % 16 % 23 % 21 % 13 % 8% 3% 6 %
CSS Cardiac surgery 537 1%  12% 23 % 28 % 18 % 7% 5% 3% 1% 2%
DEN Dentistry 97 2%  13% 21 % 27 % 18 % 12 % 5% 2% 0% 0%
GGI General & Gl surgery 9,319 8% 30% 37 % 16 % 5% 2% 1% 0% 1% 1%
GYN Gynecology 11,106 10% 33% 36 % 15 % 4% 1% 0% 0% 1% 0%
NSU Neurosurgery 4,545 2% 9% 21 % 23 % 17 % 10 % 7% 4% 2% 4%
ORT Orthopedics 11,398 11%  27% 29 % 17 % 8 % 4% 2% 1% 1% 1%
0SS Surgical oncology 2,826 11% 31% 30 % 14 % 6 % 3% 1% 1% 1% 1%
OTO Otorhinolaryngology 4,865 6% 23% 34 % 23 % 8% 3% 1% 1% 1% 0%
PLA Plastic surgery 557 12%  30% 32 % 16 % 5% 2% 1% 0% 1% 0%
RTR Transplant surgery 5,329 3%  17% 23 % 18 % 12 % 6 % 8 % 3% 3% 6 %
THO Thoracic surgery 8,788 11% 30% 28 % 15 % 7% 4% 2% 1% 1% 1%
URO Urology 5,790 14% 37% 30 % 12 % 3% 1% 1% 0% 1% 0%
VAS Vascular surgery 3,027 8% 21 % 29 % 18 % 10 % 6 % 3% 2% 2% 2%
All cases 76,042 9% 27% 30 % 16 % 8 % 4% 2% 1% 1% 1%

25% - Distribution of Total ACT (ACT1 + ACT2) for Neurosurgical Cases

Oct 2009 — Sep 2012
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Fig. 2 Variability of total ACT within neurosurgery, Hospital A
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Discussion

The results of our study show that there is significant ACT
variability among different surgical subspecialties at two aca-
demic tertiary care centers. Although benchmarks have been
reported for first case start times, turnover times and surgical
service-specific times [12] as well as strategies for OR utili-
zation and scheduling [5, 13—16], currently there is no clear
ACT benchmark for such heterogeneous case mix; using our
data allows for more realistic estimate of case duration for OR
scheduling purposes.

The needs of each surgical division varied considerably,
resulting in different ACTs 1 and 2. Thus, it may be prudent
to use individual specialty-specific times as reference to gauge
the efficiency process of OR utilization. Furthermore, division-
specific ACTs offer an arena for divisional leaders to analyze
factors responsible for each ACT and provide an opportunity to
implement customized measures to increase efficiency. Thus,
using benchmarks of ACTs obtained from institutions
performing few specific specialized surgeries may not apply
to heterogeneous teaching institutions.

Zafar et al. [2] attempted to evaluate and standardize the
ACT 1 time for different anesthetic procedures, and also to
identify the causes of delays. They took into consideration
patient’s conditions as defined by the American Society of
Anesthesiologist Physical Status (ASA PS) Classification and
need for invasive procedures during induction. The authors set
an ACT 1 benchmark of 15 min for ASA PS I and II patients,
30 min for ASA PS III and IV patients, 20 min for spinal and
30 min for epidural. Major reasons for induction delays ex-
ceeding their set benchmarks included teaching of medical
students and residents, line placement and airway techniques.

Atboth centers the high median ACT time for cardiac cases
is likely a result of the need for central venous line (CVL)
placement. Neither center involved in this study utilizes a
parallel process (i.e. an induction room) to decrease start time
for subsequent cases. Hospital A does have a “line room” in
the operating suite for preoperative placement of arterial and
central lines in cardiac surgery patients. Similar to the situation
reported elsewhere in literature [6], this resource is not well
utilized because often the same anesthesia team doing the first
case is unable to staff / manage the subsequent case’s line
placement while another case is ongoing.

Only one previously published study presented ACT data
based on the type of anesthesia service, although the reported
data were based on relatively small number of cases compared
to our study [6]. Table 4 compares previously published data
with sample data from the two hospitals in our study. As was
previously noted, there appears to be a great degree of vari-
ability among services at all three centers.

Since some of our specialty-specific times are longer than
those reported elsewhere, it can be explained by differences in
anesthesiologist work flow after the patient is brought into the
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Table 4 Comparison of ACT1+ACT2 times at the two institutions

Overdyk Hospital A Hospital B Hospital A Hospital B

et al. [6] difference  difference

Vascular 36 40 33 4 -3
ENT 30 35 31 5 1
Trans 27 47 48 20 21
Ortho 33 34 32 1 -1
Gen 31 32 24 1 =7
Gyn 29 30 22 1 -7
Neuro 34 51 42 17 8
Ped 32

CT 47 63 46 16 !
Urol 35 29 25 -6 -10
Plast 20 31 30 11 10
Average 32 39.2 334 72 1.1

operating room, such as the use of the recently instituted use of
World Health Organization’s surgical safety checklists [17, 18]
and evolving central and arterial line placement techniques. Also
we speculate that there may be differences in anesthesia team
composition causing prolonged ACT1 and ACT?2, such as pres-
ence of junior resident trainees, medical students, and attending
staff covering two operating rooms with one trainee in each
room. In fact, one previous study showed that at least in the
fast-paced ambulatory environment, anesthesiologists working
with trainees had significantly longer induction, emergence, and
total anesthesia-controlled time compared to the anesthesiologists
working alone [19]. Another study showed a relatively small
effect of resident teaching on ACT 1 values [20]. Although there
is evidence to the contrary [21, 22], ACTs may be adversely
affected by influx of new residents in July and August [23].
Finally, each institution has specific protocols dictating where
central or arterial line should be placed and also whether these
lines are placed outside of the OR or after the patient is already
brought into the OR. This can affect our comparison of ACTs for
more complicated surgeries such as transplantation, cardiotho-
racic and neurological surgery.

Another factor that may influence ACT times are related to
the current infection control measures being enforced for CVL
placement. We now place most CVLs in the OR after induc-
tion with full body drape and under ultrasound guidance [24].
The current guidelines of our institution require the US re-
cording of various steps of line placement. The approximate
time of CVL placement is about 22-25 min. It is possible that
this time can be decreased by measures such as parallel
processing of central lines setup and line placement prior to
entering the OR [25]. Invasive lines placed for many vascular,
neurosurgical and solid organ transplant cases also require
additional induction time allotment. In orthopedic cases, we
routinely perform peripheral nerve blocks preoperatively in
the induction area which is known to reduce ACT [26].
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Neurosurgical cases showed significantly higher emer-
gence time, probably due to the nature of the patients and
procedures leading to delayed recovery. Finally, although low
in volume, the dentistry service routinely presents challenges
associated with developmentally delayed patients leading to
both induction and emergence delays.

Lessons learned and future directions

Based on the data, at one of the two hospitals operating room
first case on time starts (FCOTS) have been changed to reflect
actual ACT1 times rather than 20 min bench mark in cardiac,
neurosurgical and dental subspecialties to be closer to reality
rather than expectations that cannot be met. Subspecialty-
dependent ACT times have also been added to booking
schedule to gauge realistic duration of the cases to make prior
nursing and anesthesia staffing coverage for day. We have not
created provider-specific ACT1 and ACT2 times as the sur-
geons have done for “surgical controlled time.” The realistic
booking durations are also helpful during the weekend work
flows in the OR to staff adequately and realistically.

There are added benefits of realistic ACTs in scheduling
cases that have shorter ACT times. As for example, the
laparoscopic surgery in ASA 1 patients, the ACT 1 and 2
times were 12 and 10 min respectively. These realistic times
can benefit overall scheduling to avoid gaps between the OR
case schedules due to delayed arrival of patients if 30 min
benchmark is used. In order to achieve operating suite sched-
ule predictability, our final goal is to attain a realistic schedule
by implementing surgeon and procedure-specific surgical du-
ration along with its own anesthesia control times. In fact, one
recent study found that specific characteristics of each case,
such as the patient’s body mass index, anesthesia type and
procedure type were independent predictors of anesthesia
induction time [9].

Finally, additional strategies for improving anesthesia-
controlled time include having an anesthesia technician expe-
dite ACT1 by completing the necessary set up of equipment
and medications, especially for anesthesia staff working alone.
In addition, OR assistants can be trained to perform at least
some of the roles of anesthesia technicians so that they can
continue to expedite OR cases rather than just bring the patient
into the OR and then leave the room. This is consistent with
the so-called concept of “OR worker of the future with mul-
tiple skills”. This includes having the anesthesia technician
apply monitors, a pharmacy technician deliver drugs to the
operating room, and an OR assistant bring the patient into the
operating room.

Study limitations

There are several limitations of our current study. We did not
examine the types of procedures within each service to get

ACT for each type of procedure within the service. We also
did not categorize the induction and emergence times based
on patient ASA PS. Though ASA PS may play a role in
guiding requirements for line placements, there are other
factors that guide the requirement of line placements for
monitoring or clinical care based on the diagnosis and pro-
posed surgery rather than ASA PS alone. Moreover, some of
the ASA 3 or 4 status patients coming from ICU have lines
placed and on ventilators where the ACT 1 time can be
paradoxically short.

Conclusion

This is the largest study to date that aims to establish bench-
marks for ACTs using data from two large tertiary care cen-
ters. Although one can use 30 min ACT as a measure of
anesthesia efficiency, this time may vary for each surgical
specialty. Individual specialty-specific anesthesia controlled
times should be used in judging the individual anesthesia
specialty performance. Additional time for CVL placement
should be added to ACT 1 wherever central lines are needed.
Furthermore, if central lines are being placed for surgical
reasons, it is a philosophical issue whether the central line
placement duration should be included in ACT, or surgical
control time.
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