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Abstract

Background: The purpose of this study was to determine a correlation between surgical case order and the length of
operative time, total length of time in the operating room, time until discharge from the hospital, and the incidence of
intraoperative complications for primary total shoulder arthroplasty cases.

Methods: A retrospective review was conducted of records for all individual primary total shoulder arthroplasty and
reverse total shoulder arthroplasty at a single hospital. In order to compare true parameters and minimize variables,
only the cases performed by one senior author were analyzed. Operative and hospital records were reviewed.

Results: There were 162 primary TSA and with the following order: 55 first order cases, 46 second order cases, 34
third order cases, 21 fourth order cases, and six fifth order cases. There were 71 primary rTSA patients included (27:
27:10:6:1). Length of stay was statistically increased for both female gender (8.3%; 95% confidence interval (Cl)= 0.5-
16.7%; P=0.0386) and fourth case order compared to first case (13.3%; 95% Cl = 0.6%; 27.6%) P=0.041). For reverse
TSA, there was no analyzed predictor that was significant.

Conclusion: Even between anatomic TSA and reverse TSA patients, there was variability in what factors played a
part in case inpatient length of stay. As such, we believe that this study highlights that case order can have an effect
on operating room parameters for shoulder arthroplasty patients. The need for larger studies remains to better define
that effect.

Level of evidence: IV
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Introduction

the United States has been steadily increasing over
recent years (1). One analysis of the Nationwide
Inpatient Sample (NIS) showed a 369% increase in the
number of primary TSA surgeries performed from 1993
to 2007 (1). Alater,independent analysis of the updated

The volume of total shoulder arthroplasty (TSA) in
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NIS showed that the demand for shoulder arthroplasty
in patients younger than 55 years of age is projected
to increase by 333% between 2011 and 2030 (2). In
order to meet increased demand, surgeons and their
respective hospital personnel are required to maintain
larger operating schedules without compromising the
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safety and efficiency of the surgical care they provide.
This combination of necessary growth and continued
quality has led many to look at various factors that may
influence care such as surgical case order.

Surgical case order has been associated with increased
medical complications, infection rates, operative
time, blood loss, intraoperative complications, and
readmission rates (3-5). Up to 30% of hospital-
acquired infections are due to the infection of surgical
sites, which lead to higher costs in hospital charges
as well as increased length of stay (3). Schimmel et
al found that longer exposure time leads to a higher
risk of surgical site infection (SSI) (4). In regard to
shoulder arthroplasty, Schairer et al found that 18% of
readmissions were attributed to surgical complications
with infection being the most common of those surgical
complications at 4.2% (5). Some have postulated that
physician and operating room staff fatigue along with
the possible shift changes with employees who are
less adept at the procedures required during shoulder
arthroplasty may place patients scheduled later in the
day at increased risk of these complications.

To date, no study has investigated the relationship
between case order and the length of operative
time, length of hospital stay, and the incidence of
intraoperative complications for shoulder arthroplasty
patients. The purpose of this study was to determine
whether there was a correlation between surgical case
order and the length of operative time, total length
of time in the operating room, time until discharge
from the hospital, and the incidence of intraoperative
complications. Our hypothesis is that cases scheduled
later in the operative schedule would have a higher
association with increased times and a higher incidence
of intraoperative complications.

Materials and Methods

After approval by our institutional review board,
a retrospective review was conducted of the
inpatient and outpatient records for all primary total
shoulder arthroplasties and reverse total shoulder
arthroplasties at a single hospital from May 2013 to
September 2014. After all procedures were tabulated,
the case order was recorded based on the closing
time. In order to compare true parameters, only cases
performed by one senior author (GRW) were analyzed.
Patient demographics including age, gender, body
mass index (BMI), and Charlson co-morbidity index
(CCI) scores were recorded. Operative and hospital
records were reviewed with regard to operative time
(described as time from incision to closure), total
time in the operating room, length of stay (LOS),
and intraoperative complications. All surgical cases
included in this study were only followed up until the
point of hospital discharge.

Statistical analysis was performed using linear
regression models for each of these outcomes as
a function of case order, controlling for the effect
of gender, BMI, and Charlson co-morbidity index
(prior to regression, LOS was log-transformed to
satisfy the assumptions of linear regression, so the
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regression parameters returned percentages changes).
For intraoperative complications, a similar logistic
regression analysis was performed. Spearman’s rank
correlation coefficient was utilized to check for any
monotonic relationships between BMI and outcome
variables. All statistical analysis was performed for
anatomic total shoulder arthroplasty, reverse total
shoulder arthroplasty, and all arthroplasty combined.

Procedural Protocol

Preoperatively, all patients undergoing TSA and
reverse TSA (r'TSA) received an interscalene nerve block
for postoperative pain control. All patients were placed
in the beach chair position for surgery with the use of
a McConnell arm positioner. All surgeries were done
utilizing the deltopectoral approach. All times were
recorded in the operating rooms as per our institutional
time out and time keeping policies.

Results

A total of 232 primary shoulder arthroplasty cases were
considered for analysis [Table 1]. There were 162 primary
TSA patients included in this study. Eighty-four (51.8%)
of the TSA patients were male with an average age of 70
years old [range, 40-90 years] with an average BMI of
29.81 kg/m?[range, 18.79-48.54 kg/m?]. The breakdown
of case order for the TSA patients was the following: 55
first order cases, 46 second order cases, 34 third order
cases, 21 fourth order cases, and six fifth order cases.
There were 71 primary rTSA patients included in this
study. Seventeen (23.9%) of the rTSA patients were male
with an average age of 76 years old [range, 54-90 years]
and an average BMI of 29.77 kg/m? [range, 19-59 kg/m?].
The breakdown of case order for the rTSA patients was
the following: 27 first order cases, 27 second order cases,
10 third order cases, six fourth order cases, and one fifth
order case [Figure 1].

For anatomic TSA, the regression model estimated
that operative time was significantly increased
for males compared to females [7.8 minutes +/-
3.2 minutes, mean +/- SE; P=0.0157] and was also
increased with each point of the CCI [3.9 minutes +/-
1.8 minutes, mean +/- SE; P=0.0338], but there was
no association with case order (P=0.67717). Within
each case order (1-5), the average operative time was
103.5-111 minutes, and the standard deviation was
11 to 23 minutes. There was no statistical difference
for case order, gender, BMI, or CCI in regards to total
time spent in the operating room. Length of stay
was slightly increased for both female gender [mean
8.3%; 95% confidence interval = 0.5-16.7%; P=0.0386]
and fourth case order compared to first case [mean
13.3%; 95% CI = 0.6%; 27.6%) P=0.041]. Lastly, only
an increased CCI was correlated with an increased risk
of intraoperative complication [Odds Ratio 2.2; 95%
Cl =1.2 4.0; P<0.01]. For reverse TSA, there was no
analyzed predictor that correlated with an increased
operative time, time to discharge from the hospital,
or intraoperative complication. The third order cases
had a significantly longer total time in the operating
room [23.2+/- 10.2 minutes; P=0.0272] than the first
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Table 1. Patient Demographics per Case Order and Arthroplasty Type

‘ CASE ORDER IN SHOULDER ARTHROPLASTY

Demographics Case Order Anatomic TSA (162) Reverse TSA (71)
First 30:25 5:22
Second 18:28 11:16
Third 21:13 0:10
Gender (M:F)
Fourth 10:11 1:5
Fifth 5:1 0:1
Overall 84:78 17:54
First 68 [40-83] 76 [54-90]
Second 73 [57-85] 74 [60-90]
Third 72 [57-90] 74 [63-85]
Mean Age (Years) [Range]
Fourth 66 [50-76] 80 [72-87]
Fifth 67 [51-81] 85 [NR]
Overall 70 [40-90] 76 [54-90]
First 29.77 [18.79-48.54] 32.06 [19.31-58.55]
Second 30.01 [19.13-42.93] 27.94 [20.84-39.87]
Third 29.55[19.23-41.71] 29.39 [18.95-47.57]
Mean BMI [Range]
Fourth 29.59 [20.81-40.7] 28.65 [23.18-36.82]
Fifth 30.15 [27.19-36.18] 27.54 [NR]
Overall 29.81 [18.79-48.54] 29.77 [19.31-58.55]

(TSA: total shoulder arthroplasty; M: male; F: female; BMI: body mass index)
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(TSA: total shoulder arthroplasty; rTSA: reverse total shoulder arthroplasty)

Figure 1. Number of patients per case order and arthroplasty type.
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case. The visible tendency was for the total time in the anatomic TSA cases were combined, cases performed
operating to increase and then decrease for reverse later in the day showed a significant trend towards
TSA [Figure 2]. longer time until discharge from the hospital (P<0.05)
Lastly, when the two cohorts of reverse TSA and [Figure 3].
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Figure 2. Operative Time (in Minutes) per Case Order for Anatomic TSA and Reverse
TSA Individually.
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Figure 3. Hours to Discharge from Hospital per Case Order for Combined Anatomic and
Reverse TSA.
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Discussion

The results of this study demonstrate that although
case order in the operative schedule does have an
effect on durations of operative time and length of time
until discharge, this impact is not consistent. For our
anatomic TSA patients, those scheduled as a fourth
case for the day had significantly longer stays until
discharge than those scheduled as a first case (P=0.041).
The most statistically significant finding was that when
all arthroplasty patients were considered, there was
strong correlation between later case order and longer
time to discharge from the hospital (P<0.05). The effect
of length of stay on patient outcome is an important
area of research as it drives hospital costs. Jain et al
found that surgeons who performed high-volume
number of shoulder arthroplasties (more than four per
year) had patients with shorter length of stays when
compared to low-volume surgeons (6). These findings
paralleled with those of Kreder et al who demonstrated
similar differences among hip arthroplasty patients
(6, 7). This is intuitive as a surgeon who performs
shoulder arthroplasty routinely is likely more familiar
with the nuances of the surgical technique and likely
has a supportive operating room team and nursing/
ancillary staff who are better suited to treat patients
in the immediate postoperative period. However, our
data shows that even patients of a facile high-volume
surgeon can vary in their duration of hospital stay.
Patients who are placed later in the surgical case order
can often be susceptible to the late-day shift change
in the operating room and the care of the “on-call”
or “cross-covering” floor provider who may not be as
well-versed in caring for a patient undergoing shoulder
arthroplasty. As the surgeon’s operative schedule
continues through the day, the ancillary staff that helps
to coordinate postoperative lab draws, physical therapy
sessions, and disposition planning will often finish
their shift regardless of the state of operating room.
The result is that patients who undergo their operation
later in the day will not have these coordinated efforts
started until the following morning, whereas those
patients scheduled for the earlier cases will often have
their postoperative care organized by that afternoon.
We, unfortunately, were unable to map out the “clock-
in” and “clock-out” times of such ancillary personnel,
but would strongly consider doing so in future studies.

Surprisingly, operative time did not appear to be
significantly affected by the order of the case in the
schedule. In fact, the only variable measured that
affected any operative time for any of the arthroplasty
patients was male gender in regards to anatomic total
shoulder arthroplasty. Operative time was significantly
increased for males compared to females undergoing
TSA (P=0.0157) which is consistent with findings
in other areas of joint replacement. Kosashvili et al
evaluated the influence of gender on surgical time for
primary total knee arthroplasty and found that more
time was required for surgery on men than on women
(8). The authors concluded that this time discrepancy is
largely due to the anatomic and physiologic differences
between males and females. Males, on average, tend to
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have a higher percentage of lean muscle mass (8, 9).
This can result in larger deltoid and pectoralis major
muscles which inhibit surgical exposure. Similarly,
studies of the lower extremities have shown that women
possess increased joint and ligamentous laxity (8, 10,
11), which aids in extremity manipulation for surgical
exposure. With its extensive capsular and ligamentous
attachments, the shoulder joint is also easily affected
by such physiology. This results in potentially easier
dislocation and exposure of the glenohumeral joint
which, in turn, leads to shorter operative time. It has
been the experience of the authors of this study that
male patients also tend to have increased stiffness in
the setting of their osteoarthritis which would also
account for this increased exposure difficulty.

The other impact of gender on anatomic TSA was
the longer hospital stays required for females when
compared to males. This finding is similar to much of
the data previously published. Menendez et al sought
to find preoperative and postoperative factors that
predicted increased length of stay in TSA and rTSA
patients and found that female patients were more than
twice as likely to have longer stays compared to their
male counterparts (12). Matsen et al also found longer
stays amongst female patients with male patients
averaging stays that were 14% shorter (13). Similar
findings have been published with regards to gender
influence on hip and knee arthroplasty patients (13,
14). There is uncertainty for causes of this trend. We
found no influence of gender on the operative time or
length of stay in the reverse total shoulder arthroplasty
patient population.

In regards to reverse total shoulder arthroplasty,
there was very little influence from any of the measured
predictors on outcome variables. There appeared to
be an increase in operative time as one compared the
second and third reverse TSA cases of the day to the first
reverse TSA case. However, this increase in time ended
up declining again as the schedule progressed on to the
fourth and fifth reverse TSA cases. This is appreciated
in Figure 2 with a rise and fall in the operative times
as one moves along from first to fifth scheduled cases.
It is difficult to ascertain why this trend occurred.
One possible explanation is that the first cases of the
day tend to begin with the usual operative ancillary
staff that work with the surgeon routinely and then as
the day continues, certain members of that team are
relieved for scheduled breaks throughout the day. With
this change in staff, comes the possibility of certain
substituting members of the team being less familiar
with the operative procedure and there is increased
requirement in the time to perform the case. As the day
continues on, those usual members of the operative staff
return from their breaks and are able to complete the
later cases at a faster pace. The more likely explanation
for this rise and fall in operative time is likely a product
of the amount of cases analyzed at each order in our
study. As seen in Figure 1, the amount of reverse TSA
cases analyzed at first, second, and third case order
were greater than (First Case: n=27, Second Case: n=27,
Third Case: n=10) than the fourth and fifth reverse TSA
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cases (Fourth Case: 6, Fifth Case: 1). The reason for
these smaller population sizes for the fourth and fifth
case orders is because of the rarity of having four or five
cases performed in one operating room on any given
day of the surgeon’s schedule. Clearly, performing one
to three cases in one room per day is a much more likely
event than performing four or more. This gives these
later case orders less power for analysis. That being said,
we would likely expect the operative times for those
respective cases to be increased and show an overall
trend of increased time in Figure 2. It is also possible
that larger numbers in the reverse TSA population
would have yielded results similar to the anatomic TSA
cohort, which showed no real difference at all.

Lastly, one of the goals for this study was to evaluate the
influence of case order on intraoperative complications.
Case order as it relates to perioperative complications
has been studied in various other surgical fields. Our
study noted a trend for shoulder arthroplasty patients
with no influence of case order on perioperative
complication incidence. This is encouraging as there
have been reports in the spine surgery literature which
have shown higher risk of infection for decompression
cases performed later in the day which can lead to
longer hospital stays, higher readmission rates, and
increased patient morbidity and mortality (15). The
authors of that study noted that other factors not
measured in their study such as shift-changes and OR
traffic contamination may be to blame for the later
cases having higher infection rates. In the case of our
study, only increased Charlson Co-morbidity Index
scores were associated with higher increased risk of
intraoperative complication and increased operative
times for TSA. This is not surprising as multiple studies
have shown the effect of CCI on complications in various
orthopaedic surgical procedures including shoulder
arthroplasty (16-18).

This study has several limitations. The first limitation
is inherent to a retrospective study design in which
there are uncontrolled biases that can exist. Once such
example inherent to this retrospective design is the
recording of operative times, which are dependent
on the electronic records of the hospital and not our
own timekeeping. Secondly, our study only examined
the patients of one high-volume surgeon. Although
this could be considered a strength by providing
homogeneity in the analysis, using only one surgeon’s
standardized technique could negatively influence
generalizability. In the case of this particular surgeon,
case order is not chosen by the surgeon himself which
decreases any influence case complexity or variability
in surgical technique (e.g. bone grafting of the glenoid).
Given that this study only looked at primary arthroplasty
cases also decreased the chance of increased
complexity that can often be seen in revision cases. For
many surgeons, these factors are often considered in
selecting case order and often will influence surgical
times as well as selected case order. This, again, makes
generalizability difficult. Additionally, we did not
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examine any patient outcomes (radiographs, physical
examination, functional outcomes scores) to see if the
order of their scheduled cases and their time spent in
the operating room had any effect. Although, we found
it important to measure the influence of case order on
surgical and discharge times, it is ultimately important
to understand the effects on patient outcomes. We did
not address this and would certainly recommend that
future studies measure these parameters long term.
Finally, even though we evaluated cases done by a high
volume shoulder arthroplasty surgeon, our study was
underpowered to draw conclusions about rare events,
such as intra- and post-operative complications.

In conclusion, the effect of surgical case order on
patient time spent in the operating room and in the
hospital seems to vary widely. One would likely expect
that cases scheduled later in the day would result in
longer operative times and longer times until discharge
as staff fatigue, processing of implants, and late transfers
from the post-operative care unit to the inpatient floor
would negatively impact the speed and efficiency by
which patients are treated. This, however, was not
found in our experience. Even between anatomic
TSA and reverse TSA patients, there was variability
in what factors played a role in inpatient duration of
admission. As such, we believe that this study highlights
that case order can have an effect on operating room
parameters for shoulder arthroplasty patients, but
larger prospective studies are required to better define
this effect.

Patient Consent: This was a retrospective study that
did not require patient consent as it did not affect the
standard of care. All collected data was de-identified.
This was approved by our IRB. No new drugs or devices
were used in this study.
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