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ARTICLE INFO Background: Elbow arthroscopy has defined indications for which technical pearls and outcomes have

been described. However, other aspects of the postoperative course, such as postprocedural emergency

Keywords: department (ED) visits, have received less attention. The current study defined the incidence and factors
Elbow associated with ED visits in the 90 days following elbow arthroscopy by leveraging a large, national,
Arthroscopy multiinsurance, administrative database.
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Methods: Adult patients who underwent elective elbow arthroscopy were identified in the 2010 to Q1
2022 PearlDiver Mariner161 national administrative database. Those who visited the ED in the 90 days
following surgery were identified and compared to those who did not based on age, sex, Elixhauser
Comorbidity Index, geographic region of the United States, and insurance type by multivariate analyses.
The timing (weeks following surgery), reasons for ED visit (elbow-related or not), and ED-to-hospital
admission (presence or absence) were also assessed. Finally, the rate of those who were admitted dur-
ing an ED visit was described.
Results: A total of 16,310 elbow arthroscopy patients were identified, of which ED visits in the 90 days
following surgery were noted for 1086 (6.7%). ED visits were independently associated with younger age
(odds ratio [OR, 95% confidence interval (CI)]: 1.23 [1.17, 1.29] per decade decrease), higher Elixhauser
Comorbidity Index (OR [95% CI]: 1.21 [1.19, 1.23] per 1-point increase), different geographic region (OR
[95% CI]: 1.42 [1.19, 1.71] for Midwest relative to West), and insurance (OR [95% CI]: 1.88 [1.48, 2.39] for
Medicaid relative to Commercial) (P < .001 for each). The incidence of all-cause ED visits was highest
during the first two postoperative weeks and gradually decreased over the following weeks. The reason
for ED visits related to the elbow decreased from 65% in month one, to 37.7% in month two, to 26.6% in
month three. Of those visiting the ED, 12.4% went on to be admitted (for any reason).
Conclusion: A significant proportion of patients from a large cohort of elbow arthroscopy patients
visited the ED at least once in the 90 days following surgery. The defined associated factors and timing of
these ED visits can help optimize postoperative care pathways.

© 2024 The Author(s). Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

Level of evidence: Level III; Retrospective
Cohort Comparison Using Large Database;
Prognosis Study

The use of elbow arthroscopy has increased since its develop-
ment in the 1980s,° a trend largely attributed to advances in
techniques and instrumentation.” Its applications have broadened,
and it is now used for a range of indications such as removal of
loose bodies, synovectomy, tendon release, and débridement.®

Most primary cohort studies regarding elbow arthroscopy have
been limited by sample size. For example, Lee et al studied the
outcomes of elbow arthroscopy in managing terrible triad injuries
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for 24 patients and found an excellent safety profile.'” Haasters et al
found that elbow arthroscopy was superior to conventional
radiographs in assessing complicated radial head fractures in 20
patients.’” Jhan et al recommended early and aggressive
arthroscopic intervention for overhead throwing athletes in a study
of 15 active athletes with diagnosed elbow osteoarthritis who play
on professional or national teams.'?

To address power limitations, other elbow arthroscopy studies
have used national databases to address rates and risk factors of
postoperative complications. Noticewala et al, utilized the National
Surgical Quality Improvement Program database to identify 530
elbow arthroscopy cases and found the 30-day reoperation rate to
be 2.83% and identified American Society of Anesthesiologists
physical classes 3 and 4 as independent risk factors for acute
postoperative complications.”> Camp et al, used the Medicare
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Standard Analytic Files to identify 2704 Medicare patients and
found independent risk factors for increased rates of infection
following elbow arthroscopy, including an age of 65 or greater,
alcohol use, and intraarticular corticosteroid injection at the time of
arthroscopy.*

Some larger reviews exist. Batko et al identified 21,285 patients
undergoing elbow arthroscopy across multiple studies and found
complications in 5.62% of cases.! Neurological injuries were the
most common type of complication (1.79% of cases), specifically
ulnar nerve palsy (0.65% of cases).” A meta-analysis of 95 studies
and 14,289 elbows by Ahmed et al found the most common post-
operative complications to be elbow stiffness, reoperation, and
nerve injury (4.5%, 4.1%, and 3.4%, respectively). A systematic re-
view by Tsenkov et al*® found overall postoperative complication
rates to be between 1.5 and 11% but referenced Desai et al, a survey
of 372 members from American Society for Surgery of the Hand
that suggested general underreporting of complication rates after
elbow arthroscopy in the literature.’

While prior studies found varying rate of complications
following elbow arthroscopy, few other metrics have been
described and populations have been limited by the data sources
utilized and study follow-up periods. The current study aimed to
characterize one such metric: 90-day postelbow arthroscopy
emergency department (ED) visits, by leveraging a large, national,
multiinsurance database. Age, sex, Elixhauser Comorbidity Index
(ECI), geographic region of the United States, and insurance type
were explored as predictors as in previous studies of emergency
department utilization following orthopedic surgeries.>"> Given
the known risk for adverse events following elbow arthroscopy, we
hypothesize that there is an elevated ED utilization rate that
warrants further attention from surgeons to refine postoperative
care practices.

Materials and methods
Study population identification

Data for the current study was sourced from the 2010 to March
of 2022 PearlDiver Mariner 161 national administrative claims
database, which contains over 161 million patient records. Studies
using this database were deemed exempt from review by our
Institutional Review Board as data is output in a patient-
deidentified and aggregated form.

All adult patients who underwent elbow arthroscopy were
identified in database using Current Procedural Terminology (CPT)
codes 29830, 29834, 29835, 29836, 29837, and 29838: partial or
complete synovectomy, débridement, or removal of loose bodies.
Patients with diagnoses of trauma, tumors, or infection within the
90 days prior to surgery were excluded. Patients who were not
active in the database in the 90 days following surgery were also
excluded.

Patient characteristics were then abstracted from the dataset.
These included patient age, sex, ECI (a quantitative measurement of
comorbidity burden?®®), geographic region of the United States
(West, Northeast, South, or Midwest), and insurance type
(commercial, Medicare, or Medicaid).

ED visits within 90 days after elbow arthroscopy

Based on CPT coding for ED care (CPT-99281 through CPT-
99285), the study cohort of patients who visited the ED in the 90
days following surgery was identified. The timing and frequency of
such ED visits were then defined. In assessing the weekly incidence
of ED visits, a baseline rate was defined by determining the average
rate of ED visits for the study cohort over five consecutive weeks at
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the time of one year after surgery, a method established in prior
studies investigating ED visits following orthopedic surgeries.>?°
This was done to determine whether ED utilization rates were
acutely elevated following surgery.

The primary reason for ED visits was determined by character-
izing the International Classification of Diseases 9 and 10 codes
associated with patients during these visits. These codes were
outputted into a spreadsheet and manually categorized into two
categories (elbow-related or not) by their associated descriptions.
This was performed for each of the three postoperative months.
Finally, the total number of all-cause admissions to the hospital,
and specifically the number of patients admitted during a
postoperative ED visit were determined.

Data analyses

Those who did and did not visit the ED in the 90 days
following elbow arthroscopy were compared in relation to age,
seXx, ECI, geographic region, and insurance plan by univariate
analysis with Pearson’s chi-squared test. Further, each charac-
teristic was analyzed on multivariate logistic regression yielding
odds ratios (ORs) with 95% confidence intervals (95% Cls) to
determine whether they were independent predictors of ED
utilization.

All statistical tests were performed within PearlDiver’s RStudio
suite (R Studio, Boston, MA, USA). Tables and graphs were created in
GraphPad Prism 10 (GraphPad, San Diego, CA, USA) and Microsoft
Office (Redmond, WA, USA). Statistical significance was defined as
P < .01

Results
Study population

A total of 16,310 adult patients who underwent elbow
arthroscopy and met inclusion criteria were isolated (Table I).
The patients had a mean age of 48.8 years and 65.4% were male.
The population was of relatively low overall ECI (2.4), were more
likely to be in the South (36.7% of patients) than other
geographic regions, and most likely to have commercial insur-
ance (87.4% of patients).

Of the study population, all-cause ED visits within 90 days after
surgery were identified for 1086 (6.7%). Compared to those who did
not visit the ED, those who did tended to be younger (P = .007),
female (P < .001), had more comorbidities (P < .001), and had
different distributions of geographic region and insurance plan
(both P < .001).

After controlling for all other patient characteristics using
multivariate analysis, those who visited the ED were independently
associated with younger age (OR [95% CI]: 1.23 [1.17, 1.29], per
decade decrease, P < .001), higher ECI (1.21 [1.19, 1.23] per 1-point
increase, P < .001), different geography (1.42 [1.19, 1.71] for Mid-
west relative to West, P < .001), and Medicaid insurance (1.88 [1.48,
2.39] relative to Commercial, P < .001) compared to patients who
did not visit the ED (Table I, Fig. 1).

Characterization of ED visits within 90 days after elbow arthroscopy

Among the overall patients who visited the ED, 491 (45.2%)
visited once, 406 (37.4%) visited twice, 90 (8.3%) visited three times,
61 (5.6%) visited four times, and 38 (3.5%) visited more than 4 times
(Fig. 2). Between those who visited the ED once vs. more than once,
on univariate analysis, those with Medicaid belonged more to the
latter group (P = .009), while age, sex, ECI, and geographic region
did not differ. The incidence of ED visits was highest during the first
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Table I

Overall patient demographics shown, including a breakdown by those who visited
the emergency department within 90 days following elbow arthroscopy and those
who did not.

All patients No ED visit ED visit P
(n = 16,310; (n = 15224; (n—1086;  Value
100%) 93.3%) 6.7%)
Mean age + SD  48.8 + 13.8 489 + 13.8 47.7 +13.9
()
18-29 1693 (10.4) 1562 (10.3) 129 (11.9) .007
30-39 2168 (13.3) 2007 (13.2) 161 (14.8)
40-49 4185 (25.6) 3906 (25.7) 278 (25.6)
50-59 4711 (28.9) 4406 (28.9) 307 (28.2)
60-69 2523 (15.5) 2372 (15.5) 152 (14.0)
>70 1030 (6.3) 971 (6.4) 60 (5.5)
Sex
Female 5645 (34.6) 5201 (34.2) 444 (40.9) <.001
Male 10,665 (65.4) 10,023 (65.8) 642 (59.1)
ECI + SD 24+28 23+26 43 +3.7
0-1 7838 (48.0) 7522 (49.4) 272 (25.0) <.001
2-3 4307 (26.4) 4030 (26.5) 277 (25.5)
4-5 2146 (13.2) 1959 (12.9) 207 (19.1)
>5 2019 (12.4) 1713 (11.2) 330 (30.4)
Region (%)
West 2310 (14.2) 2173 (14.3) 136 (12.6) <.001
Northeast 3543 (21.8) 3330 (21.9) 214 (19.8)
South 5966 (36.7) 5589 (36.8) 375 (34.6)
Midwest 4447 (27.3) 4092 (27.0) 357 (33.0)
Insurance (%)
Commercial 13,812 (87.4) 12,953 (87.8) 834 (78.7) <.001
Medicare 1341 (8.5) 1252 (8.5) 95 (8.9)
Medicaid 652 (4.1) 554 (3.7) 131 (12.4)

ED, emergency department; SD, standard deviation; ECI, Elixhauser Comorbidity
Index.
Bold = statistically significant with P < .01.

Table II

Multivariate logistic regression used to determine whether patient characteristics
individually predict emergency department utilization in the 90 days following
elbow arthroscopy.

OR (95% CI) P value

Age (per decade decrease) 1.23(1.17,1.29) <.001
Sex

Female REF

Male 0.92 (0.81,1.05) 218
ECI (per 1-point increase) 1.21 (1.19, 1.23) <.001
Region

Northeast REF

West 1.07 (0.85, 1.35) .545

South 1.16 (0.97, 1.38) .110

Midwest 142 (1.19,1.71) <.001
Insurance

Commercial REF

Medicare 0.98 (0.76, 1.24) .839

Medicaid 1.88 (1.48, 2.39) <.001

OR, odds ratio; CI, confidence interval; ECI, Elixhauser Comorbidity Index; REF,
reference.
Bold = statistically significant with P < .001.

two postoperative weeks (0.53% and 0.45% of the total number of
patients getting elbow arthroscopy, respectively) and gradually
diminished toward weekly baseline (0.18%) over the following
weeks.

When assessing reason for ED visits, the proportion of patients
associated with elbow-related diagnoses decreased over the first 3
postoperative months, from 65% in month one to 37.7% in month
two and 26.6% in month 3 (Fig. 3).

In terms of admissions subsequent to elbow arthroscopy, 182
patients (1.1% of all patients receiving elbow arthroscopy) were
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ED Utilization by Patient Characteristic
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Figure 1 Forest plot demonstrating multivariable logistic regression characterizing
patient factor predictors of ED utilization. Bold = statistically significant with P < .001.
(I, confidence interval; ECI, Elixhauser Comorbidity Index; ED, emergency department;
REF, reference.
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Figure 2 Bar graph demonstrating the percent of elbow arthroscopy patients who visit
the ED in each postoperative week. Expanded pie charts demonstrating the proportion
of elbow arthroscopy patients who visited the ED and the frequency of ED visits by
those patients in the postoperative 90-day window. ED, emergency department.

admitted to a hospital at least once in the 90 postoperative days,
including those admitted on the day of surgery. Of these, 135
patients were admitted from a postoperative ED visit, which
represents 12.4% of those utilizing the ED.

Discussion

As elbow arthroscopy increases in incidence over the years,’
postoperative metrics'*?>>* such as ED visits are of interest to
optimize care, improve patient experience, and minimize costs.
Due to the relatively low incidence of this procedure, large national
databases are ideal for such analyses due to the potential for
statistical power not afforded by smaller cohort studies.>®

A large cohort of patients undergoing elbow arthroscopy was
identified for the current study, with over 16 thousand patients. The
characteristics of these patients aligned with those reported in the
literature. This included a mean patient age in the forties with a
male predominance.”’’?! These similarities help substantiate the
validity of the study population.

Of the overall elbow arthroscopy study population identified for
the current study, 6.7% presented to the ED in the 90 days following
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ED Visit Diagnoses by Postoperative Month

All Other

Elbow-related

All Other
35.0% 37.7% 62.3% A;I:;(.};er
First Month Second Month Third Month

Figure 3 Breakdown of type of emergency department visit diagnosis by postoperative month. ED, emergency department.

surgery. This number is comparable to the rate of ED visits previ-
ously reported following hip arthroscopy (6.6%).?” However, while
only 4% of patients were admitted to the hospital from the ED after
hip arthroscopy, the current study found a considerably higher rate
of admissions from the ED after elbow arthroscopy at 12.4%. This
difference may partially be attributed to the difference in baseline
rates of overall postoperative complications between the surgeries.
While it is estimated to be around 4% for hip arthroscopy,'’ for
elbow arthroscopy, it ranges from 1.5% to 11%>® and may still be
underreported.’ This difference highlights the importance of the
ED as a health-care safety net for postoperative complications of
elbow arthroscopy.

Based on multivariate analysis, those who did and those who
did not present to the ED were distinct in their characteristics.
Compared to those who did not visit the ED, those who did were
found to have differences in clinical characteristics including
younger age (OR 1.23 per decade decrease), and higher comorbidity
(OR 1.21 per ECI point increase). These predictors are supported by
the current literature. Young adults are more likely to rely on the ED
due to a combination of limited preventive care, inadequate tran-
sition of care between providers, and a lack of usual source of
primary care.® A scoping review found higher comorbidity burden
as an individual predictor of more frequent ED use.'® Those who
presented to the ED differed based on nonclinical characteristics as
well, including geographic region (OR 1.42 for Midwest compared
to West) and insurance (OR 1.88 for Medicaid compared to Com-
mercial). These are also supported by the current literature.>?>
Medicaid patients may visit the ED more due to a combination of
having relatively little to no copayment required, having more so-
cioeconomic burden, and the impossibility of care refusal by ED
providers under the Emergency Medical Treatment and Active La-
bor Act.'® The Midwest may have higher ED utilization due to a
combination of fewer health-care resources, increased social/
geographic isolation, older age, and greater burden of
comorbidities.’

While 93.3% of patients did not visit the ED in the 90-day period
following elbow arthroscopy, among those who did, most visited
more than once. ED utilization by postoperative week was highest
in the first two weeks, and remained elevated above baseline by the
end of the study period. The first two postoperative weeks have
been shown to have elevated numbers of ED visits in prior studies
of other orthopedic surgeries.”>'>?® Elbow-related concerns asso-
ciated with patients in ED visits declined from postoperative month
1 to postoperative month 3; while most surgical site-related
postoperative complications were skewed earlier, elbow-related
concerns were still noticeably represented in the third post-
operative month. These observations may be because most com-
plications associated with elbow arthroscopy are more likely to
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present in the acute postoperative time frame. Further investiga-
tion into the association of various described complications of
elbow arthroscopy in the literature with these ED visits may be
warranted.

There are limitations to the current study. As with other studies
based on administrative claims databases, the accuracy of the study
is limited by its retrospective design and coding accuracy. Further,
the study was not able to separate based on the surgical indications
for elbow arthroscopy or elbow-specific outcome metrics. While
ICD-9 and 10 codes were used to determine primary indications for
ED visits, multiple factors may have been of concern and those that
were elbow-related or not could have been incompletely separated.
Finally, shared laterality was unable to be confirmed between
surgery and subsequent elbow-related ED visit diagnoses.

Conclusion

The current study furthers understanding into patient pre-
dictors of ED utilization, timing of ED visits, reasons for ED visits,
and admission rates following elective elbow arthroscopy. In
combination with growing evidence in the literature on indications,
surgical techniques, outcomes, and complications of elbow
arthroscopy, the findings of the current study aids in the develop-
ment of care pathways for this patient population with a notable
postoperative ED utilization rate.
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