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ABSTRACT

Background: Three competing goals at academic medical
centers are to increase efficiency, to optimize clinical care, and
to train residents. The goal of this project was to compare day
surgery operating room (OR) efficiency measures for anesthe-
siologists working alone, working with residents, and working
with certified nurse anesthetists in a tertiary multisubspecialty
teaching hospital to determine if trainees significantly impact OR
efficiency.

Methods: We retrospectively evaluated operating room
times data for 2,427 day surgery cases, comparing first case
on-time starts, anesthesia-controlled times, induction times,
emergence times, and turnover times for the 3 anesthesiologist
groups.

Results: Compared to the solo anesthesiologist group,
anesthesiologists working with residents had significantly longer
induction, emergence, and total anesthesia-controlled times
(202 = 8.0 vs 184 = 7.0 minutes). However, the
anesthesiologists working with residents had more on-time
starts (65% vs 53%) and lower turnover times 47.3 = 13.6 vs
50.8 = 14.5 minutes) than the solo anesthesiologist group.
Conclusion: The pairing of anesthesiology residents with
anesthesia staff has mixed effects on OR efficiency measures
in a day surgery unit.
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INTRODUCTION

Operating room (OR) efficiency has become a high
priority for many institutions.”™ OR delays can increase
costs, decrease patient and surgeon satisfaction,®”
and delay the delivery of patient care,® so improving
OR efficiency is critical in today’s managed care
environment with decreasing reimbursements and
increasing costs. Ambulatory surgery has experienced
exponential growth over the past 20 years.®'® OR
efficiency is key to a successful ambulatory practice,
resulting in decreased overnight hospital stays, the
ability to fast-track patients through the recovery
phases, and increased patient convenience.*"

Competing with the goal to increase efficiency at
academic institutions is the need to train residents
and to simultaneously optimize clinical care. We
have previously shown that the introduction of new
anesthesiology trainees into the OR minimally in-
creases anesthesia-controlled measures of efficiency
when looking at the OR suite as a whole.'®'3 Little
or no work has been done to evaluate whether
anesthesia residents change OR efficiency measures
of anesthesia-controlled times, first case on-time
starts, or turnover times in ambulatory surgery. These
changes can be potentially significant because cases
are short, and the high priority given to efficiency
can have a significant impact on the way cases are
scheduled. For example, although little research
exists to support the request, limiting or eliminating
anesthesia resident participation in ambulatory sur-
gery may be requested because of concerns about
decreasing efficiency.

The goal of this study was to examine day surgery
OR efficiency data to evaluate whether anesthesiolo-
gists working with residents or nurses differed in
efficiency compared to when they worked solo.
Based on our earlier work,'® we hypothesized that
anesthesiologists working solo or with nurse anes-
thetists would be significantly more efficient because
of the greater time inexperienced residents require to
accomplish tasks and the time required of anesthe-
siologists to teach the residents.
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METHODS

All OR data were collected at the Brigham and
Women’s Hospital in Boston, Massachusetts, a 754-
bed, academic tertiary-care hospital with 43 ORs.
This retrospective, observational study was approved
by the Institutional Review Board at the Brigham and
Women’s Hospital in July 2005. The data were
collected on 2,427 day surgery cases from September
1, 2005, to March 30, 2007. Patients included were
American Society of Anesthesiologists (ASA) 1 and 2
outpatients undergoing common ambulatory proce-
dures under general anesthesia. Patients were ex-
cluded from the study if they had a history of chronic
pain medication use and significant comorbidities (ie
ASA status of =3).

We evaluated 3 groups: anesthesiology staff work-
ing solo (S), anesthesiology staff working with a certified
nurse anesthetist (SNA), and anesthesiology staff work-
ing with a resident (SR). We compared OR efficiency
outcomes for these 3 anesthesiologist groups.

Basic demographic data collected included the
patient’s age, gender, and weight. Type and duration of
surgery were also recorded. To provide a more
accurate comparison among the study groups, only
patients undergoing common ambulatory procedures
under general anesthesia were included. Although the
anesthesia techniques for most of the surgical proce-
dures studied are standardized at our institution, we
did not attempt to control or modify the specific
anesthetic techniques the groups used. The anesthe-
siologists, nurse anesthetists, and residents involved in
the care of study patients were not aware of the study
or of any specific parameters being measured. Thus,
each anesthesiologist or team developed and execut-
ed an anesthetic plan according to their usual practice.

OR nursing staff entered OR times according to
American Association of Clinical Directors defini-
tions.™ Induction time (IT) 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 (ET) was
defined as the time starting when the surgical
dressing was completed to when the patient left the
OR. Anesthesia-controlled time (ACT) is the sum of
the 2 times: ACT = IT + ET.

In addition to ACT, the OR nurses also captured
first case start time and turnover time. Data extracted
from the computerized OR information system includ-
ed (1) time the room is deemed ready by the OR
nurses; (2) time the patient enters the room; (3) time
anesthesia induction is complete and surgical prep-
aration may start; (4) end of surgery time; (5) time the
patient is ready for transfer; and (6) time the patient
leaves the room. ACTs and turnover times were
controlled for surgery type and duration.
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Statistical Analysis

Means or percentages of intraoperative characteris-
tics are presented for all patients and for each group. The
means of continuous variables were compared between
groups using independent sample t test, and the
percentages for dichotomous and categorical variables
were compared using the chi-square test. Least squares
regression was used to assess the differences in times
among the three groups, controlled for type of surgery or
duration of surgery, as appropriate. Actual time differ-
ences were also calculated by subtracting the means or
percentages for the S group from the SNA and SR
groups. Power analysis conducted to detect a mean
difference of 10% in turnover times with alpha = 0.05
and beta = 0.8 estimated a need to have 370 patients in
each group. All analyses were performed using SAS 9.1
(SAS Institute, Cary, NC).

RESULTS

Of the 2,427 cases studied, 399 were performed
by solo staff, 343 by staff working with a certified
nurse anesthetist, and 1,685 by staff working with
residents. Table 1 depicts patient characteristics for
the 3 study groups.

Compared to the anesthesiologists working alone
(S) or with nurse anesthetists (SNA), anesthesiologists
working with residents (SR) had longer induction
times (12.4 = 5.4 [S] vs 13.4 = 6.1 [SR] [P = .006]
vs 11.9 = 6.0 minutes [SNA] [P < .001]), longer
emergence times (6.3 = 4.1 [S] vs 7.1 = 4.5 [SR]
[P = .008] vs 6.3 = 4.3 minutes [SNA] [P = .012]), and
longer ACTs (18.4 = 7.0 [S] vs 20.2 = 8.0 [SR]
[P = .001] vs 17.7 = 7.8 minutes [SNA] [P < .001]).

Interestingly, the S group had worse first case on-
time starts compared to the SR and SNA groups
(53% vs 65% [P = .004] vs 65% [P = .036]) and
longer turnover times than either the SR or SNA
group (50.8 = 14.5 vs 47.3 = 13.6 [P < .001] vs
46.4 += 13.3 minutes [P < .001]). There were no
differences in turnover time between the SNA and SR
groups, but the SNA group did have faster induction
times, emergence times, and ACTs compared to the
SR group. Table 2 summarizes these results.

DISCUSSION

Although modifications to improve turnover times,
first case on-time starts, and ACTs typically yield
negligible or small improvements, OR management
committees devote much time and many resources to
them. 517

The factors involved in turnover time and ACT are
complex and multifunctional, but specific anesthesia-
related modifications can improve or detract from the
overall time efficiency in the OR.%>"'® Our results in this
OR data analysis show that staff working with
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Table 1. Characteristics of Intraoperative Variables

Urman, RD

Variable Solo Staff Staff With CRNAs Staff With Residents p Value

Number of patients 399 343 1685 -
Mean age in years (SD) 46.5 (12.8) 48.4 (13.7) 48.1 (13.5) 0.067
Mean weight in kilograms (SD) 69.7 (14.9) 68.9 (14.7) 69.4 (14.4) 0.769
Gender (% female) 360 (90.2) 319 (93.0) 1454 (86.3) -
Mean surgery duration in minutes (SD) 88.2 (36.3) 86.4 (32.7) 87.1 (33.4) 0.763
Primary anesthesiology (%)

GA 306 (76.7) 247 (72.0) 1285 (76.3) -

MAC 92 (23.1) 94 (27.4) 387 (23.0)

RA 1(0.25) 2 (0.58) 13 (0.77)
Surgery type (%)

Gynecology 339 (85.0) 294 (85.7) 1286 (76.3) <0.001

Other 60 (15.0) 49 (14.3) 399 (23.7)

CRNA, certified registered nurse anesthetist; SD, standard deviation; GA, general anesthesia; MAC, monitored anesthesia care; RA, regional anesthesia.

residents experienced statistically significant time
increases in induction time and emergence time. On
the other hand, perhaps not surprisingly, solo anes-
thesiologists had significantly longer turnover times
and fewer first case on-time starts than staff working
with residents or nurse anesthetists. The actual time
differences are small, with turnover time approxi-
mately 1-2 minutes slower with the resident group and
3 minutes slower with the solo staff group. Because
those working solo had fewer first case on-time starts,
in an average day at our institution, the differences
would largely cancel each other out. Staff working
with nurse anesthetists was the most efficient pairing
in our study, yielding a 10-15 minute daily advantage
in efficiency for 3-4 cases in the operating room.
Our current study is similar to our earlier work
showing that the introduction of new residents to the
OR does not significantly change efficiency or ACT.
Hospital administrators and surgeons argue for
greater efficiency, especially in ambulatory surgery
settings, and for consequently limiting the training
component in these settings. Results of our current
study indicate that little reason exists to justify
limiting anesthesia resident training in ambulatory
operating rooms in a large academic OR service. The
small increase in induction and emergence times is
understandable and predictable for trainees and
remains consistent with prior research. The faster
turnover times and better first case on-time starts for
both the staff-resident and staff-nurse anesthetist
combinations over the solo staff group make a
compelling efficiency argument for the team model
of care. Again, it seems logical that two people can
be more efficient than one when accomplishing a
number of tasks, especially tasks in a series (eg,
taking a patient to the postanesthesia care unit,
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starting an intravenous line for the next patient,
setting up the room, and so on). We would argue that
having residents or nurse anesthetists paired with
staff anesthesiologists leads to greater efficiencies in
these components of care.

One reason that we did not see a more significant
improvement for the resident and nurse anesthetist
groups may be because the systems in place in our
ambulatory division compel all who work there to
function at similar levels of efficiency. Thus when
either solo staff or staff with residents or nurse
anesthetists work in the ambulatory area, they
cannot adversely (or positively) change the already
established processes in place to optimize efficiency.
The factors leading to efficiencies in turnover time or
first case on-time starts are complex and multifacto-
rial, and it is well recognized that isolated changes
by one group (anesthesiologists, surgeons, nurses,
ancillary staff) can rarely lead to significant efficiency
improvements. 318

Our study has a number of limitations. Because
the different groups were not randomized to their
cases, the solo anesthesiologists or the anesthesiol-
ogist-nurse anesthetist groups may have been
scheduled to work with the more routine cases while
the resident groups were assigned to the more
challenging cases. Although we could not detect
any differences in the patients, types of cases, or
surgeons assigned to the groups, such differences
are possible and could explain the small increases in
ACT seen in the anesthesiologist-resident group. We
believe a more likely cause is that the inexperienced
member of the team works a little bit slower. Some
evidence in the literature supports the idea that

trainees decrease operating room efficiency.'®:2°
Also, the solo anesthesiologists and nurse
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Table 2. Efficiency Measures for Solo Anesthesiologist Staff (S), Staff Working With Certified Registered Nurse Anesthetists (SNA), and Staff Working With

Residents (SR)

(o]

Anesthesia-Controlled Time

% On-Time 1st Case

OR Turnover Time (min)
50.8 = 14.5vs 47.3 = 13.6

(min)
18.4 = 7.0vs 20.2 = 8.0

Emergence Time (min)

Induction Time (min)
12.4 = 5.4 vs 13.4 * 6.1

Start
53% vs 65%

6.3 £ 41vs71 £45

Svs SR

(P < .001)

(P = .001)

(P = .008)

(P = .006)

(P = .004)

35
50.8 = 14.5vs 46.4 = 13.3

1.8
184 = 7.0vs17.7 £ 7.8

0.8
6.3 = 41vs6.3 =43

1.0
124 = 54vs11.9 = 6.0

12%
53% vs 65%

Difference

S vs SNA

(P < .001)

(P = 184)

(P = .875)

(P = .230)

(P = .036)

4.4
46.4 + 133 vs 47.3 = 13.6

0.7
17.7 = 7.8vs 20.2 £ 8.0

0.5
119 = 6.0vs 13.4 = 6.1

12%
65% vs 65%

Difference
SNA vs

6.3 +x43vs71 =45

(P = .296)

(P < .001)

(P=.012

(P < .001)

(P = .995)

SR
Difference

0.9

2.5

0.8

1.5

0%

OR, operating room.

anesthetists may have been more attuned to the
entry of efficiency times by nurses and may have
paid greater attention when nurses with whom they
were unfamiliar were entering times, leading to more
accurate results. We have no way of distinguishing
between these factors, but we believe that this bias
was prevented because neither the anesthesiologists
nor the nurses entering the times were aware of the
study. Our previous published report argues that this
issue would not make a difference in our academic
setting.'?

There are, of course, potential non-efficiency-
related benefits to having anesthesia-specific staffing.
For example, patient safety and patient satisfaction
may be improved' and complication rates such as
postoperative nausea and vomiting may be reduced
when experienced nurse anesthetists work with
anesthesiologists or when anesthesiologists work
alone. Our current study does not evaluate these
aspects of training-specific staffing.

CONCLUSIONS

Results of our study suggest that an anesthesiol-
ogist-resident care team in an academic setting has
slightly worse efficiency measures for induction and
emergence times than solo or anesthesiologist-nurse
anesthetist teams for ambulatory patients, but the
better turnover times for the resident-anesthesiologist
team make up for this difference. For overall efficiency
in ambulatory operating rooms, the nurse anesthetist-
anesthesiologist team may be the best model.
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