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Abstract On time start of the first case of the day is an im-
portant operating room (OR) efficiency metric, in which de-
lays can have effects throughout the day. Although previous
studies have identified various causes of first case start delays,
none have attempted to evaluate the effect anesthesia staffing
ratios have on first case start times. We performed a single-
center retrospective analysis at an academic teaching hospital.
Data was collected and analyzed over a period of 4 years and
on more than 8,700 cases. We examined whether staffing ra-
tios of attending only (solo staffing ratio), attending working
with 1 resident/certified registered nurse anesthetist (CRNA)
(1 to 1), or attending covering 2 residents/CRNAs (1 to 2) had
a significant effect on first patient in room time (FPIR) and
first case on time start (FCOTS). In addition, we examined
whether staffing ratios had an effect on start times in various
surgical subspecialties. We performed a univariate logistic re-
gression analysis to determine if age, anesthesia base units,
American Society of Anesthesiologists Physical Status (ASA
PS) classification score, and staffing ratio was associated with
FPIR and FCOTS being on time. Then, we performed a mul-
tivariate logistic regression analysis to determine if staffing
ratio was associated with these outcomes, utilizing age, anes-
thesia base units, and ASA PS class as covariates. A decreased
odds for FPIR being on time were seen in general and ortho-
pedic surgeries when staffed 1 to 1, and cardiac surgery when

staffed 1 to 2, when compared to solo staffing. FCOTS showed
statistically significant differences when looking at all services
with solo staffing having the highest odds for FCOTS being on
time. This effect was seen also when analyzing only oncologic
and orthopedic surgeries. Hospitals should consider using dif-
ferent staffing ratios in different surgical specialties to mini-
mize delays and maximize OR efficiency.

Keywords Anesthesia . Induction . Staffing ratio . Operating
room . Efficiency

Introduction

Operating rooms (OR) are expensive to run and in the recent
healthcare landscape of decreasing reimbursement and budget
restraints, OR efficiency is becoming an ever-increasing pri-
ority for hospitals [1–4]. The on-time start of the first case of
the day is often used as a metric for measuring efficiency in
the OR [5]. Delays in the first cases of the day often can result
in subsequent case delays [6, 7]. These delays may interrupt
workflow in the OR, thereby decreasing patient and surgeon
satisfaction [8, 9]. In addition, the effects are felt throughout
the hospital as post-surgical bed availability on the inpatient
floors and in the intensive care unit are also interrupted by OR
case delays. Two important time metrics to monitor include
first case on-time start (FCOTS), defined as time at which
anesthesia induction was marked as complete, and first patient
in room (FPIR), defined as the time the patient entered the OR.

Numerous studies have examinedways to improve timeliness
of first case starts [8, 10–12] by proposing solutions that involve
streamlining the pre-operative process [13] and utilizing peri-
operative checklists and facilitators [5]. In a previous study, mul-
tiple causes for delays were identified including issues with con-
sent, late arrival of surgeons, and nursing issues, among others
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[14]. Several systematic changes were implemented, including
earlier completion of preoperative surgical tasks in patients re-
ceiving regional and neuraxial anesthesia, encouraging surgical
consents to be signed by patients in clinic as opposed to on the
day of surgery, and changing the circulator nurse workflow,
which resulted in a 12 % improvement in FCOTS [14].

One area that has not been addressed in the efficiency of on
time first case starts is the effect of the staffing ratio (the
number of ORs an attending anesthesiologist is managing).
At academic medical centers, anesthesiologists often work in
the anesthesia care teammodel, where they are responsible for
supervising multiple rooms staffed by residents and/or certi-
fied registered nurse anesthetists (CRNAs) [15]. In one Dutch
study of academic medical centers, having extra anesthesiol-
ogists available to help with induction improved FCOTS [16].
Both prediction models [17] and previous studies have shown
that staffing ratios have a large effect on supervision lapses
during first-case starts [18], which could potentially impact
patient safety and contribute to adverse outcomes. However,
no previous study to our knowledge has attempted to evaluate
the effect staffing ratios have had on first case timeliness. The
purpose of this study was to analyze the effect staffing ratios
have on FPIR and FCOTS at an academic institution. In ad-
dition, we examined whether staffing ratios had an effect on
these metrics within various surgical subspecialties.

Materials and methods

Data collection

Each operating room has a computer for the circulating nurse
to log perioperative times, including patient arrival into the
operating room, induction start and induction complete. First
case start times were excluded if the case was added on that
morning or if the order of cases was changed. Only cases
originally scheduled for 7:30 am (9:30 am on Wednesdays)
were included in the study. The Center for Clinical
Excellence, an already established group that focuses on pa-
tient quality and safety at our hospital, was responsible for
data acquisition, analysis, and reporting. FPIR on time was
defined as the patient entering the OR by 7:30, except for
Wednesdays when elective cases start at 9:30. FCOTS was
defined as the time from patient in room to induction com-
plete. The cutoff was 20 min for all cases except for cardiac
and neurosurgery, which had a cutoff of 35 min.

Statistical analysis

R Project for Statistical Computing (R version 3.1.2) was used
to perform all statistical analysis. FPIR and FCOTS metrics
between the years 2010 to 2014 were collected and analyzed.
Data for FPIR and FCOTS were available for 33,034 and 38,

673 cases, respectively. For each case in FPIR dataset, data
included surgical specialty, time in room, expected first case to
start time, binary value for whether case was in room on
time (yes or no), staffing ratio, American Society of
Anesthesiologists Physical Status Classification (ASA PS),
age, and anesthesia base units. For the FCOTS dataset, similar
data was collected except it included time in which induction
was marked complete and excluded any FPIR-related data.
All cases that had missing data for any of these data points
were excluded from the analysis. We analyzed three different
staffing ratios: solo staff anesthesiologists, 1 to 1 ratio (one
staff and one resident or CRNA), and 1 to 2 ratio (one staff
covering two operating rooms with a resident or CRNA in
each room). All cases with unknown staffing ratio or a 1 to
3 staffing ratio (defined as one staff attending covering three
operating rooms) were excluded from the study. The latter was
excluded because of the small number of such cases with this
ratio performed at our institution. A univariate logistic regres-
sion model was fitted to the data to determine if ASA PS, age
group, base units, or staffing ratios were associated with FPIR
and FCOTS. The following reference groups were chosen for
each group: ASA PS I for ASA PS, age less than 50 in the age
group (compared to 50–64 years old, 65–79 years old,
and>80 years old), base units less than or equal to 5 in the
base units group (compared to 6–10, 11–15, or>15), and solo
staffing ratio (compared to 1 to 1 and 1 to 2). All were asso-
ciated with FCOTS and FPIR outcomes and were therefore
included in the subsequent multivariate logistic regression
analysis. For both FPIR and FCOTS, a multivariate logistic
regression model was fitted to the data to determine if staffing
ratios were associated with FPIR and FCOTS. ASA PS, age
group, and anesthesia base units (ABU) were used as covari-
ates for this model. This analysis was done for all surgeries
and then separately for each surgery group. Results were re-
ported as odds ratios (OR) with their corresponding 95 %
confidence interval (CI). ORs were considered statistically
significant if the 95 % CI did not include 1.00 within its range
and if p values <0.05. Billing data consisting of the ABU
value was used to control for case complexity. Base units
range from 3 to 25 per anesthesia CPT code.

Results

Intraoperative data was collected from the years 2010–
2014. There were 33,034 and 38,673 cases available
with data for FPIR and FCOTS, respectively. After ex-
clusion criteria, as described in the methods, there were
32,608 cases included for FPIR analysis and only 8,727
available for FCOTS. The reduced number of cases with
FCOTS data was due to lack of ABU data available in
this group.
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Univariate analysis

Higher ASA PS class was associated with a decreased likeli-
hood for both FPIR and FCOTS. Patient age greater than 80
was associated with a decreased likelihood of FPIR and
FCOTS. Age 65–79 was only associated with decreased
FCOTS. Higher ABU was associated with increased likeli-
hood of FPIR on time. Only ABU 6–10 showed a similar
trend for FCOTS times. High staffing ratios was associated
with decreased probability of both FPIR and FCOTS
(Table 1).

FPIR

An analysis across all surgical services combined demonstrat-
ed no statistically significant differences in FPIR time based
on staffing ratios, while controlling for ASA PS, age and
ABUs (Table 2). However, there were a few specific staffing
ratios and services that showed statistically significant FPIR
times. Pain service had a statistically significant increased
likelihood of FPIR on time when staffed 1 to 2 compared to
solo and 1 to 1 staffing. Cardiac surgery had a significantly
decreased likelihood of FPIR on time when staffed 1 to 2

compared to solo and 1 to 1 staffing. General and orthopedic
surgeries had a decreased likelihood of FPIR on time when
staffed 1 to 1 compared to solo and 1 to 2 staffing.

FCOTS

Overall, there was statistically significant difference in
FCOTS across all services (Table 3) when controlling for
ASA PS, age and ABUs. Solo staffing ratio had the highest
likelihood of FCOTS compared to 1 to 1 and 1 to 2 staffing
ratios. Within surgical services, oncologic and orthopedic sur-
geries showed significant decrease in likelihood of on-time
start when staffed 1 to 1 and 1 to 2 compared to solo attend-
ings. Cardiac and general surgeries had a decreased likelihood
of on-time start when staffed 1 to 2 compared to 1 to 1 and
solo attendings.

Discussion

There is limited published data analyzing the effects of anes-
thesia staffing ratios on OR time metrics. Here, we reported
our institutional data related to how these various ratios

Table 1 Univariate analysis of patient’s ASA physical status classification, age, base units and staffing ratio on first patient in room (FPIR) time and
first case on time starts (FCOTS)

FPIR FCOTS

n (%) OR (95 % CI) p value n (%) OR (95 % CI) p value

Total 27,545/32,473 (84.82) – – 5031/8667 (58.05) – –

ASA PS Class

I 2,064/2,328 (88.66) 1 – 380/517 (73.50) 1 –

II 12,904/14,803 (87.17) 0.87 (0.76–0.99) 0.045 2172/3367 (64.51) 0.66 (0.53–0.81) <0.001

III 11,786/14,225 (82.85) 0.62 (0.54–0.71) <0.001 2,350/4,407 (53.32) 0.41 (0.34–0.51) <0.001

IV 789/1,114 (70.83) 0.31 (0.26–0.37) <0.001 129/376 (34.31) 0.19 (0.14–0.25) <0.001

V 2/3 (66.67) 0.26 (0.02–2.83) 0.266 0/0 (0) –

Age Group

< 50 9,109/10.702 (85.11) 1 – 1,570/2,550 (61.57) 1

50–64 9,515/11,186 (85.06) 1.00 (0.92–1.04) 0.91 1,698/2,834 (59.92) 0.93 (0.84–1.04) 0.215

65–79 7,283/8,612 (84.57) 0.96 (0.89–1.04) 0.29 1,476/2,642 (55.87) 0.79 (0.71–0.88) <0.001

80+ 1,638/1,973 (83.02) 0.86 (0.75–0.97) 0.017 287/641 (44.77) 0.51 (0.42–0.60) <0.001

Base Units Group

1 to 5 12,072/14,638 (82.47) 1 – 2,306/4,103 (56.20) 1

6 to 10 10,763/12,469 (86.32) 1.34 (1.25–1.43) <0.001 1,734/2,844 (60.97) 1.22 (1.10–1.34) <0.001

11 to 15 3,280/3,857 (85.04) 1.21 (1.10–1.33) <0.001 620/1,094 (56.67) 1.02 (0.89–1.17) 0.781

> 15 1,430/1,509 (94.76) 3.85 (3.06–4.84) <0.001 371/626 (59.26) 1.13 (0.96–1.35) 0.15

Staffing Ratio

Solo 4,992/5,805 (85.99) 1 – 824/1,234 (66.77) 1

1 to 1 11,611/13,774 (84.30) 0.87 (0.80–0.95) 0.003 2,205/3,941 (55.95) 0.63 (0.55–0.72) <0.001

1 to 2 10,942/12,894 (84.86) 0.91 (0.84–0.99) 0.043 2,002/3,492 (57.33) 0.67 (0.58–0.77) <0.001

Bold font indicates statistical significance by univariate logistic regression analysis (p ≤ 0.05)
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affected FPIR and FCOTS. By understanding how variations
in an anesthesia team model can change efficiency measures,
institutions can develop better strategies to improve surgical
workflow.

Rooms staffed 1 to 2 had a lower FPIR on-time per-
centage for cardiac surgeries compared to solo and rooms
staffed 1 to 1. A likely reason for the delay is due to
preoperative procedures. For example, the vast majority
of our cardiac patients receive an arterial line prior to their

surgery. In a study by Koenig et al. at a British teaching
hospital, they found that induction time correlated with
the number of invasive lines and procedures done [19].
At their institution, most of their procedures were done in
the OR either immediately before or after induction. At
our institution, because we do a portion of our procedures
in the preoperative area, delays may be reflected more in
FPIR times. If an attending has 2 patients that both need
arterial lines and the resident or CRNA encounters

Table 2 Staffing ratios and the percentage of First Patient In Room (FPIR) on time, which was defined as patient entering the operating room at or
before 7:30 (9:30 on Wednesdays)

Service Solo 1 to 1 OR (95 % CI) p-value 1 to 2 OR (95 % CI) p-value

Pain Service 44/59 (74.58) 39/53 (73.58) 0.91 (0.38–2.15) 0.83 83/94 (88.29) 2.68 (1.12–6.44) 0.028

Burn, Trauma Surgery 65/102 (63.72) 100/185 (54.05) 0.99 (0.57–1.71) 0.97 162/280 (57.86) 0.99 (0.59–1.65) 0.96

Cardiac Surgery 237/257 (92.22) 2,881/3,098 (92.99) 0.94 (0.57–1.52) 0.79 82/112 (73.21) 0.35 (0.18–0.68) 0.002

General Surgery 630/674 (93.47) 926/1,039 (89.12) 0.65 (0.45–0.94) 0.021 1,713/1,876 (91.31) 0.81 (0.57–1.16) 0.25

Gynecology 1,165/1,311 (88.86) 1,091/1,236 (88.27) 0.99 (0.77–1.26) 0.91 1,731/1,922 (90.06) 1.19 (0.94–1.50) 0.15

Neurosurgery 189/228 (82.89) 851/1,009 (84.34) 1.13 (0.76–1.68) 0.53 1,241/1,421 (87.33) 1.45 (0.98–2.13) 0.06

Oncologic Surgery 422/515 (81.94) 714/874 (81.69) 0.97 (0.72–1.30) 0.82 900/1,087 (82.80) 1.03 (0.78–1.37) 0.84

Orthopedics 576/719 (80.11) 1,438/1,955 (73.55) 0.76 (0.62–0.94) 0.01 1,897/2,396 (79.17) 0.97 (0.79–1.20) 0.81

Otorhinolaryngology 244/280 (87.14) 303/346 (87.57) 1.18 (0.72–1.93) 0.5 441/496 (88.91) 1.24 (0.78–1.97) 0.36

Plastic Surgery 585/681 (85.90) 479/564 (84.93) 1.02 (0.74–1.41) 0.91 803/924 (86.90) 1.17 (0.87–1.56) 0.3

Thoracic Surgery 125/154 (81.17) 1,759/2,170 (81.06) 0.93 (0.61–1.43) 0.76 768/919 (83.57) 1.05 (0.67–1.64) 0.83

Vascular Surgery 69/89 (77.53) 453/568 (79.75) 1.25 (0.72–2.17) 0.44 380/473 (80.34) 1.13 (0.64–1.97) 0.68

Urology 571/658 (86.78) 487/568 (85.74) 0.94 (0.68–1.31) 0.73 566/661 (85.63) 0.95 (0.69–1.31) 0.77

All Services 4,992/5,805 (85.99) 11,611/13,774 (84.30) 0.92 (0.84–1.01) 0.09 10,942/12,894 (84.86) 0.95 (0.87–1.0) 0.27

Staffing ratios defined as solo : attending only; 1 to 1 : 1 attending covering 1 resident/CRNA; 1 to 2 : 1 attending covering 2 residents/CRNAs. Bold font
indicates statistical significance within group by multivariate logistic regression analysis (p ≤ 0.05)

Table 3 Percentage of First Case On Time Starts (FCOTS) – defined as time from patient entering the operating room to induction complete (20 min
for all cases except for 35 min for cardiac and neurosurgery)

Service Solo 1 to 1 OR (95 % CI) p-value 1 to 2 OR (95 % CI) p-value

Pain Service 9/12 (75.0) 3/8 (37.5) 0.09 (0.01–1.02) 0.052 11/14 (78.57) 1.11 (0.15–8.24) 0.917

Burn, Trauma Surgery 11/15 (73.33) 16/37 (43.24) 0.42 (0.10–1.81) 0.246 27/70 (38.57) 0.33 (0.09–1.25) 0.103

Cardiac Surgery 66/124 (53.23) 708/1,237 (57.24) 1.16 (0.79–1.70) 0.447 11/39 (28.21) 0.42 (0.19–0.97) 0.042

General Surgery 107/140 (76.43) 138/193 (71.50) 0.92 (0.54–1.55) 0.745 299/447 (66.89) 0.62 (0.39–0.97) 0.037

Gynecology 155/207 (74.88) 115/176 (65.34) 0.75 (0.48–1.18) 0.219 380/519 (73.22) 1.02 (0.70–1.48) 0.934

Neurosurgery 50/71 (70.42) 230/355 (64.79) 0.92 (0.52–1.63) 0.769 240/396 (60.61) 0.74 (0.42–1.29) 0.286

Oncologic Surgery 74/96 (77.08) 102/257 (39.69) 0.26 (0.15–0.46) <0.001 158/321 (49.22) 0.34 (0.19–0.58) <0.001

Orthopedics 99/183 (54.10) 204/519 (39.31) 0.59 (0.42–0.84) 0.004 260/673 (38.63) 0.54 (0.39–0.76) <0.001

Otorhinolaryngology 37/54 (68.52) 33/58 (56.90) 0.65 (0.28–1.50) 0.309 77/129 (59.69) 0.81 (0.39–1.67) 0.566

Plastic Surgery 80/123 (65.04) 55/76 (72.37) 1.50 (0.79–2.88) 0.218 145/220 (65.91) 1.00 (0.62–1.61) 0.992

Thoracic Surgery 25/43 (58.14) 436/694 (62.82) 1.18 (0.62–2.26) 0.618 186/274 (67.88) 1.45 (0.74–2.88) 0.282

Vascular Surgery 12/22 (54.54) 88/183 (48.09) 1.46 (0.55–3.88) 0.45 63/154 (40.91) 0.77 (0.29–2.06) 0.608

Urology 90/123 (73.17) 61/125 (48.8) 0.36 (0.21–0.63) <0.001 122/186 (65.59) 0.67 (0.40–1.12) 0.126

All Services 824/1,234 (66.77) 2,205/3,941 (55.95) 0.74 (0.65–0.85) <0.001 2,002/3,492 (57.33) 0.67 (0.59–0.78) <0.001

Staffing ratios defined as solo : attending only; 1 to 1 : 1 attending covering 1 resident/CRNA; 1 to 2 : 1 attending covering 2 residents/CRNAs. Bold font
indicates statistical significance within group by multivariate logistic regression analysis (p ≤ 0.05)
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difficulty placing either line, one or both rooms may have
a delayed FPIR time.

For general and orthopedic surgeries, rooms staffed 1 to 1
had a lower likelihood of patient arriving in room on time
compared to solo attendings and 1 to 2 staffing ratios. New
anesthesia residents are often assigned 1 to 1 to a room for
2 months at the beginning of their training. This is done to
acclimate the residents to the new OR environment and help
them with the steep learning curve of basic anesthesia. In this
scenario, if additional procedures, such as arterial lines, epi-
durals, or peripheral nerve blocks need to be done pre-opera-
tively, the inexperience of the new residents may result in
delay in patient arrival into the OR [19].

When we examined time starts across all specialties, cases
staffed solo were more likely to start on time than those staffed
1 to 1 and 1 to 2 (Table 3). This is not surprising and previous
studies have shown similar results [20, 21]. Similar to the
reasons mentioned above for FPIR, experience with proce-
dures can have an effect on induction times as oftentimes
invasive lines are placed post-induction. In addition, for cases
staffed 1 to 2, an attending has to induce in 2 rooms sequen-
tially. If induction in the first room takes longer than antici-
pated, due to an unanticipated difficult airway or hemodynam-
ic instability, or if the patient does not arrive into the room on
time due to aforementioned reasons, then the start time of the
second room will also be delayed.

Given the recent changes in healthcare and focus on cost-
cutting measures, the hospital may start paying more attention
to the anesthesia staffing ratios especially if efficiency can be
preserved while increasing the number of rooms covered by
the attending anesthesiologist. Still, the decision to hire fewer
anesthesiologists and thus have a higher staffing ratio must be
balanced against the potential delays and missed earning op-
portunities that may result. Conversely, based on decision-
analysis models, having an anesthesiologist work every case
solo is not cost effective [22]. Given the results of our study, it
may be worthwhile to consider different staffing ratios for
different surgical services to optimize cost and productivity
without compromising patient safety.

There are several limitations of our study. First, the times
used for calculation of FPIR and FCOTS are manually entered
by the OR circulator nurse. As a result, there is likely a small
amount of variability in the accuracy of those times due to
human error. Also, there may be some subjectivity in regards
to the induction complete time used to calculate FCOTS as
what one nurse considers induction complete may not be the
case for another nurse or the anesthesia provider. Second,
there are supervisees with a wide variety of anesthesia expe-
rience at our institution—from very experienced CRNAs to
senior level residents to relatively inexperienced first year an-
esthesia residents and interns. Our data does not include the
type of supervisee in each staffing ratio. The experience of the
supervisee likely plays a role in the FPIR and FCOTS times,

especially for cases that require pre-induction procedures such
as lines and/or blocks asmore experienced providers are likely
more efficient at doing procedures. Lastly, while we were able
to analyze FPIR and FCOTS times by surgical subspecialty
while controlling for certain variables such as ABUs and pa-
tient age and ASA status, the specific type of case was not
included in the data. For example, in our analysis of cardiac
surgery cases we included all types of procedures performed
by cardiac surgeons and covered by anesthesiologists. We
believe that the ABU can serve as a reasonable proxy for case
complexity which can influence anesthesia staffing assign-
ments. Given the wide variability in case complexity in most
surgical subspecialties at our institution, it may be worthwhile
to investigate whether there are significant differences in FPIR
and FCOTS times for specific types of cases within each
subspecialty.
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