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Background: Shoulder arthroscopy is a common orthopedic procedure typically performed on an outpa-
tient basis. Occasionally, patients require an unplanned hospital admission. An understanding of the incidence
and risk factors for admission after shoulder arthroscopy may assist surgeons in determining which pa-
tients may be susceptible to unplanned admission after surgery.

Methods: All consecutive shoulder arthroscopy procedures performed during a 10-year period were re-
viewed. A 2:1 control-case matching technique was used. Univariate analysis was performed to identify
differences between patients admitted after surgery and the control group. Multivariate analysis was per-
formed to identify variables associated with admission.

Results: There were 5598 arthroscopic shoulder procedures performed, with 233 patients (4.2%) requir-
ing admission. The most common reason for admission was respiratory monitoring. Risk factors for admission
by multivariate analysis were chronic obstructive pulmonary disease (odds ratio [OR], 2.73; 95% confi-
dence interval [CI], 1.51-4.95), diabetes (OR, 2.11; 95% CI, 1.28-3.48), obstructive sleep apnea (OR, 1.90;
95% CI, 1.13-3.21), age (OR, 1.02; 95% CI, 1.01-1.04), body mass index (OR, 1.04; 95% CI, 1.01-1.07),
and operative time (OR, 1.01; 95% CI, 1.00-1.01). Regional with monitored anesthesia care decreased
risk compared with general anesthesia and regional with general anesthesia (OR, 0.44; 95% CI, 0.30-0.63).
Conclusion: Chronic obstructive pulmonary disease, obstructive sleep apnea, diabetes, increasing age, in-
creasing body mas index, and increasing operative time were all risk factors for admission after shoulder
arthroscopy. The absence of general anesthesia was found to decrease the risk of admission.

Level of evidence: Level III; Case-Control Design; Treatment Study
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Shoulder arthroscopy is a commonly performed proce-
dure, with more than 500,000 shoulder arthroscopy procedures
being performed annually in the United States.” Arthroscopic
shoulder surgery is performed for a variety of indications and
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is routinely performed on an outpatient basis because it is gen-
erally considered a safe, minimally invasive procedure, with
reported complication rates as low as 1%.”'> On occasion,
perioperative complications necessitate an unplanned inpa-
tient admission after shoulder arthroscopy.

Large series using the American College of Surgeons Na-
tional Surgical Quality Improvement Program (NSQIP)
database have reported risk factors for complications
within 30 days after shoulder arthroscopy and risk factors
for admission for individual arthroscopic procedures, includ-
ing Bankart repair and anterior cruciate ligament
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Table I  Shoulder arthroscopy Current Procedural Terminology codes included in the 5598 total cases

Procedure CPT code Frequency of Percent of Cases including
CPT code total CPT codes CPT code
(No.) (%) (%)

Acromioplasty 29826 3700 33 66

Rotator cuff repair 29827 2277 20 41

Débridement limited 29822 1338 12 24

Débridement extensive 29823 998 9 18

Distal claviculectomy 29824 964 9 17

Capsulorrhaphy 29806 654 6 12

Biceps tenodesis 29828 434 4 8

SLAP lesion repair 29807 425 4 8

Loose body removal 29819 222 2 4

Diagnostic arthroscopy 29805 150 1 3

Lysis of adhesions 29825 131 1 2

Partial synovectomy 29820 47 <1 1

Complete synovectomy 29821 21 <1 <1

Total 11,361 100

CPT, Current Procedural Terminology (American Medical Association, Chicago, IL, USA); SLAP, superior labrum anterior-posterior.

reconstruction.”*'*"* A non-NSQIP single-surgeon study by
Sultan et al'* found increasing age, American Society of An-
esthesiologists Physical Status Classification, and procedure
complexity were significant risk factors for admission after
shoulder arthroscopy. Despite these prior studies, a more com-
prehensive understanding of the reasons for unplanned
admission after shoulder arthroscopy is needed.

A large shift has occurred in recent years toward outpa-
tient orthopedic surgery procedures. Studies have demonstrated
the safety of these outpatient procedures, leading to in-
creased use of ambulatory surgery centers (ASCs).* Fewer
available resources are generally available for patients who
experience major complications at ASCs, so patients must be
selected appropriately to reduce the risk of complications re-
quiring admission.

Understanding risk factors that lead to admission after
surgery is important for preoperative patient education, ad-
dressing preventable causes for complications, and patient
selection for ambulatory surgery centers. This study used data
from a single institution to determine individual patient and
perioperative risk factors for unplanned admission after elec-
tive shoulder arthroscopy. We hypothesized that medical
comorbidities and the use of general anesthesia would be risk
factors for unplanned admission after shoulder arthroscopy.

Materials and methods

This was a retrospective case-control study to identify reasons
and risk factors for unplanned admission after elective shoulder ar-
throscopy. All arthroscopic shoulder procedures during the 10-
year study period from January 2006 to December 2015 were
retrospectively identified by Current Procedural Terminology (Amer-
ican Medical Association, Chicago, IL, USA) code. Rotator cuff
repair, capsulorrhaphy, biceps tenodesis, and superior labrum anterior-
posterior lesion repair were categorized as major procedures, and

the remaining procedures were included in the minor category
(Table I). For each patient, the electronic medical record (EMR) query
included patient demographics (sex, body mass index [BMI], and
age), operative variables (major/minor procedure, operative time, and
anesthesia type), and comorbidities, including obesity, smoking,
chronic obstructive pulmonary disease (COPD), obstructive sleep
apnea (OSA), heart failure, peripheral vascular disease, and diabe-
tes. The EMR was retrospectively reviewed to identify the type of
anesthesia used for each case (regional with monitored anesthesia
care [MAC], regional with general anesthesia, or general anesthe-
sia) and the reason for any postoperative admissions, when available.

An unplanned admission was defined as an unplanned postoper-
ative stay in the hospital on the day of surgery. The cases that resulted
in an unplanned admission were identified and included in the case
group. A 2:1 control-case matching technique was used in a similar
fashion to other recent studies. " This methodology is used
because admission after elective shoulder arthroscopy is a rare event.
Each case was matched with 2 controls that were performed by the
same surgeon during a 1-month period. Surgeon and surgery date were
chosen because these variables were not included in the risk factor
analysis and matching cases according to additional variables would
have prohibited their analyses as a risk factor.

A univariate analysis was performed to identify differences
between patients in the case group who were admitted after surgery
and those in the control group. We used the y? test to compare cat-
egorical variables between the case and control groups, except for
heart failure, which was compared using the Fisher exact test, and
t tests were used to analyze continuous variables, except for oper-
ative time, which was compared using Wilcoxon rank sum test. A
multivariate logistic regression was performed to identify vari-
ables associated with admission when all other variables were
controlled for.

Results

A total of 5598 elective arthroscopic shoulder procedures
were identified during the 10-year study period. The
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Figure 1  Reasons for unplanned admissions after shoulder arthroscopy. IV, intravenous.

operations were performed by 18 different surgeons. Among
the 5598 cases, 11,361 Current Procedural Terminology
codes were recorded (Table I). Of the cases recorded, the
most common procedures performed were acromioplasty
(3700 [66%]), rotator cuff repair (2277 [41%]), and limited
débridement (1338 [24%]). We identified 233 patients who
were admitted after their elective surgery, for an unplanned
admission rate of 4.2%. The 5 most common reasons for
admission (Fig. 1) included respiratory monitoring (57 [24%]),
requirement of an unplanned open procedure (25 [11%]),
pain control (21 [9%]), anesthesiologist-initiated observa-
tion due to medical comorbidities (16 [7%]), and nausea/
vomiting (15 [6%]; Fig. 1). The documentation in the EMR
for 47 patients was insufficient to determine the reason for
admission.

Demographic and potential risk factors for admission
were analyzed between the admission and control groups
(Tables II and IIT). When patient demographics were ana-
lyzed, univariate models suggested BMI (odds ratio [OR],
1.07; 95% confidence interval [CI], 1.05-1.10) and age (OR,
1.03; 95% CI, 1.02-1.04) were risk factors for admission,
with the OR representing the increased risk for a single-
unit increase (age, 1 year; and BMI 1 unit). Sex (OR, 0.71;
95% CI, 0.52-0.98) was not statistically significant. In a
multivariate analysis, BMI (OR, 1.04; 95% CI, 1.01-1.07)
and age (OR, 1.02; 95% CI, 1.01-1.04) continued to be
correlated with increased risk of admission when other rel-
evant factors were controlled for.

When operative variables were analyzed, univariate models
suggested operative time (OR, 1.01; 95% CI, 1.00-1.01) was
a risk factor for admission, with the OR representing the in-

creased risk from each additional minute of operative time.
In addition, regional with MAC (OR, 0.36; 95% CI, 0.22-
0.59) decreased the risk of postoperative admission. Major
procedures (OR, 0.98; 95% CI, 0.71-1.34) and regional with
general anesthesia (OR, 0.89; 95% CI, 0.56-1.42) were not
statistically significant. In a multivariable analysis, opera-
tive time (OR, 1.01; 95% CI, 1.00-1.01) continued to be
correlated with the risk of admission, and regional with MAC
had a decreased risk for admission compared with regional
with general anesthesia or general anesthesia (OR, 0.44; 95%
CI, 0.30-0.63) when other relevant factors were controlled
for.

When potential risk factors were analyzed, univariate
models suggested OSA (OR, 3.65; 95% (I, 2.35-5.71), COPD
(OR, 3.01; 95% CI, 1.77-5.17), and diabetes (OR, 3.66; 95%
CI, 2.35-5.76) were risk factors for admission, whereas pe-
ripheral vascular disease (OR, 2.58; 95% CI, 1.00-6.84), heart
failure (OR, 6.09; 95% CI, 0.8-123.5), and smoking (OR, 0.90;
95% CI, 0.58-1.37) were not statistically significant. In a mul-
tivariable analysis, OSA (OR, 1.90; 95% ClI, 1.13-3.21), COPD
(OR, 2.73; 95% CI, 1.51-4.95), and diabetes (OR, 2.11; 95%
CI, 1.28-3.48) continued to be correlated with the increased
risk of admission when other relevant factors were con-
trolled for.

Further modeling of BMI and operative time (Table 1V)
showed that the statistically significant effects of BMI and
operative time persisted when the data were segmented for
overweight and obese BMI classifications, >24.9 kg/m? and
>29.9 kg/m? (OR, 1.11 and 1.13), respectively, and opera-
tive time greater than 60 and 90 minutes (OR, 1.01 and
1.01).



Shoulder arthroscopy admission risk factors

Table II  Demographic and potential risk factors to hospital
admission after surgery
Variable Admission  Control P value
(n=233)  (n=468)
Demographics
Female sex, % 47.2 39.1 .04
Body mass index, mean 32 28 <.001
kg/m?
Age, mean yr 52 48 <.001
Age category, No. (%)
<40 yr 33(14) 126 (27)  <.001
40-65 yr 161 (69) 294 (63)
>65 yr 39 (17) 48 (10)
Operation length
Time, mean (range), 77 (55-91) 70 (54-91) .003
min
Time >90 min, No. (%) 84 (36) 121 (26) .01
Anesthesia category, No.
(%)
Regional with general 121 (52) 172 (37) <.001
anesthesia
Regional with MAC 70 (30) 243 (52)
General anesthesia 42 (18) 53 (11)
Potential risk factors, No.
(%)
Obesity 119 (51) 156 (33)  <.001
Smoking 37 (16) 81 (17) 71
COPD 35 (15) 26 (6) <.001
Obstructive sleep apnea 58 (25) 39 (8) <.001
Heart failure 3 (1) 1(0) 11
Peripheral vascular 10 (4) 8 (2) .07
disease
Diabetes 57 (24) 38 (8) <.001
Major procedure 128 (55) 260 (56) .94

MAC, monitored anesthesia care; COPD, chronic obstructive pulmonary
disease.
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Table IV Further modeling of body mass index and opera-
tive time
Variable 0dds ratio (95% CI) P value
Body mass index

Overall 1.07 (1.05-1.10) <.0001

>24.9 kg/m? (overweight  1.11 (1.07-1.14) <.0001

and obese)

>29.9 kg/m? (obese) 1.13 (1.08-1.19) <.0001
Operative time

Overall 1.01 (1.00-1.01) <.001

>60 min 1.01 (1.00-1.01) <.001

>90 min 1.01 (1.00-1.01) .04

(I, confidence interval.

Discussion

Orthopedic surgeons perform the vast majority of arthro-
scopic shoulder procedures on an outpatient basis. Although
uncommon, some elective procedures require a postopera-
tive admission. This study reviewed 5598 shoulder
arthroscopies at a single institution over a 10-year period and
found that 4.2% of patients required an unplanned postop-
erative admission. The most common reasons for postoperative
admission were respiratory monitoring (24%), requirement
of an unplanned open procedure (11%), pain control (9%),
anesthesia-initiated observation due to medical comorbidities
(7%), and nausea/vomiting (6%).

Sultan et al'* previously examined risk factors for un-
planned overnight admissions after shoulder arthroscopy in
a non-NSQIP, single-surgeon series of 242 patients and found
the rate of unplanned admission was 18.0%. The most common
reasons for admission were identified as “abnormal postop-
erative observations,” “pain,” and “wound ooze.” Our study
features a significantly larger sample size and also enabled

Table III  Modeling of potential risk factors to hospital admission after surgery
Variable Univariate Multivariable

0dds ratio (95% CI) P value 0dds ratio (95% CI) P value
Obstructive sleep apnea 3.65 (2.35-5.71) <.001 1.90 (1.13-3.21) .016
COPD 3.01 (1.77-5.17) <.001 2.73 (1.51-4.95) .001
Body mass index 1.07 (1.05-1.10) <.001 1.04 (1.01-1.07) .003
Regional with MAC 0.36 (0.22-0.59) <.001 0.44 (0.30-0.63) <.001
Diabetes 3.66 (2.35-5.76) <.001 2.11 (1.28-3.48) .003
Age (yr) 1.03 (1.02-1.04) <.001 1.02 (1.01-1.04) .001
Operative time (min) 1.01 (1.00-1.01) <.001 1.01 (1.00-1.01) .004
Female sex 0.71 (0.52-0.98) .036 — —
Peripheral vascular disease 2.58 (1.00-6.84) .049 — —
Heart failure 6.09 (0.8-123.5) .119 — —
Regional with general anesthesia 0.89 (0.56-1.42) .617 — —
Smoking 0.90 (0.58-1.37) .634 = =
Major procedure 0.98 (0.71-1.34) .876 — —

(I, confidence interval; COPD, chronic obstructive pulmonary disease; MAC, monitored anesthesia care.
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the identification of reasons for admission through retrospec-
tive review. Our rate of unplanned admission was lower than
that of their study and may more closely resemble the true
incidence of this event.

DeFroda et al® published a NSQIP-based analysis inves-
tigating the rate of admission after arthroscopic Bankart repair
with a rate of admission of 7.6%, which is more in line with
our finding. One of the limitations of using the NSQIP da-
tabase is that specific reasons for admission cannot be
identified. Because we used a large single-institution cohort,
we were able to analyze specific reasons for postoperative
admission. This information is more specific and potential-
ly helpful for practitioners performing arthroscopic shoulder
surgery.

In our study, COPD, OSA, diabetes, increasing patient
age, increasing BMI, and increasing operative time were all
individually found to be risk factors for unplanned admis-
sion after shoulder arthroscopy. The increased risk associated
with patient age is similar to previously published studies.*"*
Our study did not identify performing major vs. minor pro-
cedures as a risk factor for admission, which contrasts with
previous findings that performing a rotator cuff repair, a
major procedure, was a risk factor for admission.'"* Our
findings add to an existing body of literature suggesting
that patients with increasing age, operative time, and COPD
are at increased risk for perioperative complications, read-
mission, and now—unplanned postoperative admission. Unlike
these previous studies, we found diabetes and OSA were
risk factors for postoperative admission; however, smoking
was not a significant risk factor for admission.*'* In our
analysis, increasing BMI and operative time were risk
factors for admission for each unit increase of BMI and
minute increase in operative time. Further analysis showed
this overall effect persisted when isolated for overweight
and obese BMI subsets as well as operative time greater
than both 60 or 90 minutes, so cutoff values could not be
identified.

There is no consensus about whether general, regional, or
combined general and regional anesthesia is preferable for
arthroscopic shoulder procedures. This study compared types
of anesthesia—general anesthesia, regional with general an-
esthesia, and regional anesthesia with MAC—and found that
the absence of general anesthesia was protective, decreas-
ing the risk of admission after arthroscopic shoulder surgery.
This suggests that general anesthesia should be avoided for
shoulder arthroscopy, when possible, to decrease the risk for
postoperative admission. General anesthesia necessitates ma-
nipulating and securing a patient’s airway with an endotracheal
tube or laryngeal mask airway, and respiratory monitoring was
the most common reason for postoperative admission in this
study. Although a direct correlation cannot be made based
on the data available in this study, avoidance of general an-
esthesia for arthroscopic shoulder surgery is now preferred
at our institution. Further research is necessary to deter-
mine whether the use of a regional anesthetic alone for these
types of procedures limits postoperative admission. In con-

trast to prior studies, our study did not investigate the role
of American Society of Anesthesiologists grade.

The results of this study have several possible implica-
tions. Surgeons, anesthesia providers, and patients should
be aware of these risk factors and how they influence the
need for postoperative admission. In addition, surgeons should
make effort to minimize the operative duration of their
procedures, when clinically appropriate, to decrease the risk
of unplanned admission. Patients should be carefully screened
and evaluated for the aforementioned risk factors before
surgery. The presence of these risk factors may guide ortho-
pedic and anesthesia providers to schedule a particular patient
in a hospital-based surgical suite vs. an ASC. Electing to
perform shoulder arthroscopy on an at-risk patient in a
hospital-based surgical suite may significantly decrease the
perioperative health care costs that could be associated with
monitoring and transportation from an ASC to a nearby
hospital. In a similar fashion, these risk factors may help
identify patients at risk for postoperative admission as com-
pensation continues to move toward expanded bundled
payment models.

This study has several important limitations. First, the ret-
rospective nature of the study limited data collection because
the only source of data was the medical record. As a result,
an attributable reason for admission after shoulder arthros-
copy could not be identified in 47 patients due to incomplete
medical records. Incomplete medical records also limited our
ability to analyze other variables of interest, including oper-
ative room positioning, pain control methods, regional
anesthesia techniques, and the specific discharge criteria used
in each case.

Second, this series included patients of multiple sur-
geons. In this study, requirement of an unplanned open
procedure represents a conversion to open or minimally in-
vasive open procedure, such as a rotator cuff repair, which
was an operative technique used by several of the surgeons
included in this analysis early in the study period (years 2006-
2012) when the surgeon did not feel an arthroscopic procedure
was appropriate after intraoperative evaluation. There were
19 patients who required an unplanned open procedure in this
analysis that were converted open rotator cuff repair, which
represents 8% of the overall 233 unplanned admissions. The
2:1 case-control matching technique, which controlled for
surgeon and time period, was used to reduce any bias with
regard to surgeon-related differences in surgical technique or
postoperative protocol.

Third, the choice to admit a patient postoperatively was
at the discretion of the surgeon or the anesthesia provider,
or both, and individual bias may thus have affected the rate
of admission after surgery. This bias likely increased the overall
rate of unplanned admission in this analysis.

Fourth, this analysis draws important conclusions on reasons
for unplanned postoperative admissions that occur on the day
of surgery; however, we were not able to draw any conclu-
sions regarding delayed or late admissions after shoulder
arthroscopy. Despite these limitations, we were able to
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identify several specific risk factors for admission after ar-
throscopic shoulder surgery.

Conclusion

COPD, OSA, diabetes, increasing age, increasing BMI,
and increasing operative time were all individually found
to be risk factors for unplanned admission after shoulder
arthroscopy. The absence of general anesthesia de-
creased the risk of admission after shoulder surgery.
Patients, particularly those considering shoulder arthros-
copy at an ASC, should be carefully screened for risk
factors so health care providers are properly prepared for
the risk of unplanned admission after surgery. Orthope-
dic surgeons, anesthesia providers, and patients should be
aware of these risk factors and consider whether a given
patient’s operation should be performed at an ASC or at
a hospital-based outpatient surgery center.
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