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Introduction: With a substantial increase in utilization of primary shoulder arthroplasty, it is important to understand risk factors that
may signal early failure and need for revision. Recent studies have reported that sustained postoperative opioid use is associated with a
higher revision risk after total hip or knee arthroplasty. In this study, we evaluated postoperative opioid utilization as a risk factor for
revision after primary shoulder arthroplasty.
Methods: We conducted a cohort study using data from a United States integrated health care system’s Shoulder Arthroplasty Registry.
Patients who had a primary elective shoulder arthroplasty were identified (2009-2017); those with cancer or who underwent other arthro-
plasty procedures (either shoulder, hip, or knee) within the preceding year were excluded. Cumulative daily opioid utilization during the
first year postoperative, calculated as oral morphine equivalents (OME), was categorized into 3 exposure groups: high user (�15 mg
OME daily), moderate user (<15 mg OME daily), and no opioid use (reference group). The exposure window was stratified into 2
time periods: postoperative days 1-90 and postoperative days 91-360. Multivariable Cox proportional-hazards regression was used to
evaluate the association between postoperative opioid use and aseptic revision risk.
Results: The final study sample included 8325 shoulder arthroplasty procedures. Of these individuals, 3707 (45%) received some
opioid within the 1 year before the index procedure. We failed to observe a difference in aseptic revision risk between opioid utilization
in the first 90 days postoperatively, regardless of dose. After the first 90 days, a higher revision risk was observed for high opioid users
compared with nonusers (hazard ratio ¼ 1.62, 95% confidence interval ¼ 1.10-2.41), and no association was observed for moderate
users (hazard ratio ¼ 1.25, 95% confidence interval ¼ 0.82-1.91).
Conclusions: We found a positive association between opioid consumption and aseptic revision risk after primary shoulder arthroplasty.
This study cannot determine if opioids have a direct physiological cause that increases the risk of revision; rather it is likely that opioid
consumption is a marker of chronic pain, poor function, and/or poor coping mechanisms. Further study is needed to determine if pro-
grams designed to decrease opioid use may impact revision risk after shoulder arthroplasty.
Level of evidence: Level III; Retrospective Case-Control Design; Prognosis Study
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Utilization of primary total shoulder arthroplasty (TSA)
in the United States has increased by nearly 10% annu-
ally,13 with a 2.7-fold increase in procedures from 2005 to
2013.15 Revision surgery has also increased from 4.5% in
1993 to 7% in 2007.13 Revision shoulder arthroplasty is an
undesirable outcome, associated with prolonged treatment,
inferior outcomes, and surgical challenges at significant
expense to the health care system. Therefore, it is important
for providers to be aware of risk factors for failure to allow
for timely and effective treatment of an unsatisfactory
shoulder arthroplasty.

The United States is in the midst of an opioid epidemic,
with the Centers for Disease Control and Prevention
reporting approximately 33,000 deaths in 2015 and the
White House Council of Economic Advisors estimating
an economic burden of 393.9 billion US dollars the same
year.21 Opioids are commonly used to treat pain not
related to cancer; however, opioid use after surgical pro-
cedures is associated with risk of chronic opioid depen-
dence.8,42 This may result from high level of or prolonged
opioid consumption, but may also occur at regular pre-
scribed doses.19

It is well established in the arthroplasty literature that
preoperative opioid usage is associated with more post-
operative utilization,5-7,18,20,23,24,31,34,39,40 and poorer out-
comes in terms of revision risk and patient-reported
outcome measures (PROM).2-4,6,28,43,46 Recent publications
also support close surveillance of individuals who use
opioids persistently after total knee or total hip arthroplasty
as this may be an early indicator for pain requiring revision
surgery.7,9,22,29,30,44 In contrast, the association of post-
operative opioid utilization on revision risk after primary
shoulder arthroplasty is not established.

We postulate that opioid prescriptions are a more readily
tracked surrogate for pain that might be used to identify
shoulder arthroplasty patients who are at risk for failure
requiring revision surgery. The objective of this study was
to determine the association of sustained postoperative
opioid use on revision risk after elective TSA, stratified by
patients who were opioid na€ıve and patients who used
opioids within 1 year before primary shoulder arthroplasty.
We hypothesized that revision risk would differ depending
on postoperative opioid utilization and that preoperative
opioid use may be an effect modifier.
Materials and methods

Study design, setting, and data sources

We conducted a cohort study using our integrated health care
system’s Shoulder Arthroplasty Registry (SAR). The integrated
health care system covers over 12.2 million lives throughout 8
geographical regions (ie, Colorado, Georgia, Hawaii, Mid-
Atlantic, Northern California, Northwest, Southern California,
and Washington) in the United States.
A detailed summary of data collection procedures,
geographic coverage, demographics, and participation rates for
the SAR has been published previously.14,33 Briefly, this sur-
veillance tool for all shoulder arthroplasty procedures performed
within the integrated health care system collects patient, pro-
cedure, implant, surgeon, and hospital information using elec-
tronic intraoperative forms that are completed at the point of
care by the operating surgeon. Information is then supplemented
using data from the electronic health record (EHR), adminis-
trative claims data, membership data, and mortality records.
Outcomes are prospectively monitored using electronic
screening algorithms and validated by trained clinical content
experts using the EHR. Our integrated health care system’s EHR
was the second data source for this study. This Epic-based
platform (Verona, Wisconsin) was introduced in 2004 and was
fully implemented in all regions in 2008. The EHR’s pharmacy
module was used to identify opioid medication prescription and
dispensing.

Study sample

The study sample was selected using the SAR and comprised all
primary elective shoulder arthroplasty procedures for non-
fracture indications performed between January 1, 2009, and
December 31, 2017. Hemiarthroplasty, reverse total shoulder
arthroplasty, and TSA procedures were included. Because of
availability of prescription data in the EHR (eg, supply days,
daily dose, quantity per day, strength), only the Northern and
Southern California regions of the health care system were
included in the study. Patients with a history of cancer (identified
using International Classifications of Disease, 9th Revision,
Clinical Modification [ICD-9-CM] codes 140.xx-208.xx, except
173.xx for pain related to cancer37 or the specific Elixhauser
comorbidities36 of lymphoma, metastatic cancer, solid tumor
without metastasis), a history of another arthroplasty surgery
(including hip, knee, or shoulder) in the 1 year preceding the
index procedure, and procedures for the indication of fracture
were excluded.
Exposure of interest

The exposure of interest was 1-year postoperative opioid pre-
scription, calculated as daily oral morphine equivalents (OME)
of oral or transdermal opioids (Table I).45 Daily OME dose was
calculated as cumulative dose over observation days. If a patient
had a revision, died, or terminated health care plan membership
during the first 360 days postoperatively, the amount of opioid
exposure was calculated until the last observation day. For
analysis, daily opioid amount was categorized into 3 exposure
groups: high dose (�15 mg OME daily, equivalent to 3 tabs of
Norco5/325 daily), moderate dose (<15 mg OME daily), and no
opioid prescription (reference group).

The 1-year postoperative exposure window was also broken
down into 90-day periods (days 0-90, days 91-180, days 181-270,
and days 271-360). For the purposes of this study, days 0-90 was
referred to as the early recovery period and days 91-360 was the
later rehabilitation period. Daily opioid use during days 91-360
were studied together because prevalence and OME consumption
patterns were similar across the 3 periods.



Table I Oral or transdermal opioids included in this study

Medication Route Oral morphine equivalent44

Acetaminophen with codeine Oral 0.15
Buprenorphine Transdermal 40 (ref)
Butalbital/acetaminophen/caffeine/codeine Oral 0.15
Codeine/butalbital/aspirin/caffeine Oral 0.15
Codeine phosphate/guaifenesin Oral 0.15
Codeine sulfate Oral 0.15
Fentanyl Transdermal 2.4
Hydromorphone HCl Oral 4.0
Methadone HCl Oral 3.0
Morphine sulfate Oral 1.0
Oxycodone HCl Oral 1.5
Oxycodone HCl/acetaminophen Oral 1.5
Oxycodone HCl/aspirin Oral 1.5
Promethazine HCl/codeine Oral 0.15
Promethazine/phenylephrine/codeine Oral 0.15
Pseudoephedrine/codeine/guaifenesin Oral 0.15
Tramadol HCl/acetaminophen Oral 0.10
Tramadol HCl Oral 0.10

1036 A. Singh et al.
Outcome of interest

Aseptic revision was the outcome of interest. Revision was
defined as any reoperation performed after the index shoulder
arthroplasty where an implant was exchanged, removed, or added
for aseptic reasons. Revision reason was reported by the operating
surgeon; cultures were taken at the discretion of the surgeon, not
mandated. After the index shoulder arthroplasty procedure, each
patient was continuously monitored for revision using validated
surveillance algorithms and surgeon report until either death or
membership termination (leaving our institution’s health care
plan). Identified revisions are then manually validated by trained
research associates during quarterly quality control.

Confounders

Preoperative risk factors of postoperative opioid use identified in a
prior study were considered as potential confounders in the pre-
sent study.39 Risk factors included preoperative opioid/nonste-
roidal anti-inflammatory drug use (yes vs. no), patient age (�60
vs. <60 years old), sex (female vs. male), race/ethnicity (Hispanic
vs. others), body mass index (BMI, �35 vs. <35 kg/m2), Amer-
ican Society of Anesthesiologists (ASA) classification (�3 vs. 1-
2), procedure type (hemiarthroplasty, reverse total shoulder
arthroplasty, and TSA); other medical comorbidities (present vs.
absent) including chronic pulmonary disease, depression, liver
disease, neurodegenerative disorders, and rheumatoid arthritis/
collagen vascular diseases; opioid use–related comorbidities
(present vs. absent) including anxiety, dementia and psychosis,
opioid dependence, post-traumatic stress disorder, and substance
abuse; and history of chronic pain (present vs. absent)
including back pain, fibromyalgia, kidney/gall stone pain, and
migraines. Specific opioid use–related comorbidities and history
of chronic pain were identified using an ICD-9-CM coding
algorithm.36 Other medical comorbidities were identified using the
Elixhauser comorbidity algorithm.17

Effect modifier

Preoperative opioid use was considered as a potential effect
modifier. Preoperative use was defined as at least 1 opioid pre-
scription dispensed during the 1 year before the index procedure
and opioid na€ıve defined as no opioid prescription dispensed
during the 1 year before the index procedure.

Statistical analysis

Cox proportional hazard regression was used to evaluate the effect
of postoperative opioid prescription on aseptic revision. The
model included the exposure variable and all potential con-
founders listed above as fixed effects; the operating surgeon was
included in the model as a random intercept to adjust for surgeon
variability and procedure volume. Follow-up time was defined as
the time from the exposure period of interest until the date of
revision surgery, death, health care membership termination, or
the date of final registry surveillance for the study (December 31,
2017), whichever came first. In this study, patients not experi-
encing the aseptic revision had survival follow-up times censored
on the date septic revision, death, health care membership
termination, or the date of final registry surveillance. We also
calculated the completeness of follow-up as the sum of observed
follow-up times divided by the sum of potential follow-up times.10

For the exposure time windows evaluated, each model only
included ‘‘at risk’’ patients who had follow-up time greater than or
equal to the beginning of the exposure start time. For example, if a
patient had 3 tabs of Norco5/325 daily since postoperative day 1
and then was died on postoperative day 60, that patient was
classified as high dose (�15 mg OME daily) and was included in



Table II Characteristics of 8325 primary elective shoulder
arthroplasty patients

Characteristic n (%)

Age �60 (yr) 7210 (86.6)
Median (interquartile range) 70 (64-77)
Female sex 4526 (54.4)
Race/ethnicity
Asian 206 (2.5)
Black 411 (4.9)
Hispanic 923 (11.1)
Other 78 (0.9)
White 6688 (80.5)

Body mass index (kg/m2)
<20 151 (1.8)
20-24.9 1522 (18.3)
25-29.9 3042 (36.6)
30-34.9 2069 (24.9)
�35 1535 (18.5)

ASA classification �3 3249 (47.3)
Surgery type
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the early recovery period model and censored at day 60, but the
patient was not included in the later rehabilitation period model.

The proportional hazards assumption for the exposure vari-
ables was checked by the proportional hazards test; when the
exposure of interest had a varying impact on the hazard over time
(ie, nonproportional hazard), we modeled the effect using time-
dependent variables. The same analysis was performed for the
overall cohort and then after stratifying by preoperative opioid
use. To account for missing values (sex ¼ 1 [<1%], race ¼ 19
[<1%], BMI ¼ 6 [<1%], ASA ¼ 1457 [17.5%], opioid
use–related comorbidities ¼ 3570 [42.9%], history of chronic pain
¼ 3570 [42.9%], other medical comorbidities ¼ 155 [1.9%]), fully
conditional specification multiple imputations using the Markov
chain Monte Carlo estimation method were performed to create 50
versions of the analytic dataset. Each dataset was separately
analyzed using the same model, and the results were combined
using Rubin’s rules.41 The imputation model included all variables
and the baseline hazard function.48 Analyses were performed
using R version 3.3.0. Hazard ratios (HR) and 95% confidence
intervals (CIs) are presented. All tests were 2-sided, and the alpha
level was 0.05 for statistical significance for this study.
Hemiarthroplasty 809 (9.7)
Reverse total shoulder
arthroplasty

2705 (32.5)

Total shoulder arthroplasty 4811 (57.8)
Preoperative opioid use 3707 (44.5)
Preoperative NSAID use 1591 (19.1)
Other medical comorbidities
Chronic pulmonary disease 1894 (23.2)
Depression 911 (11.2)
Liver disease 358 (4.4)
Neurodegenerative disorders 543 (6.6)
Rheumatoid arthritis/collagen
vascular diseases

572 (7.0)

Opioid use-related comorbidities
Anxiety 682 (14.3)
Dementia and psychosis 54 (1.1)
Opioid dependence/abuse 84 (1.8)
Post-traumatic stress disorder 27 (0.6)
Substance abuse 515 (10.8)

History of chronic pain
comorbidities
Back pain 621 (13.1)
Fibromyalgia 82 (1.7)
Kidney/gall stone pain 26 (0.5)
Migraines 62 (1.3)

ASA, American Society of Anesthesiologists; NSAID, nonsteroidal

anti-inflammatory drug; BMI, body mass index.

Missing: sex ¼ 1 (<1%), race ¼ 19 (<1%), BMI ¼ 6 (<1%), ASA ¼
1457 (17.5%), other medical comorbidities ¼ 155 (1.9%), opioid

use–related comorbidities ¼ 3570 (42.9%), history of chronic pain ¼
3570 (42.9%).
Results

The final study sample comprised 8325 primary elective
shoulder arthroplasty procedures performed in 7355 pa-
tients. The procedures were performed by 185 surgeons at
37 health care centers in 2 regions. Of these shoulder
arthroplasty patients, 86.6% were 60 years or older, 54.4%
were female, 80.5% (n ¼ 6688) were white, 18.5% had a
BMI �35 kg/m2, 47.3% had an ASA classification �3, and
57.8% underwent a TSA. Almost half (44.5%) of patients
had at least 1 opioid prescription during the 1-year preop-
erative time window, whereas only 19.1% had at least 1
nonsteroidal anti-inflammatory drug prescription.
Select comorbidities for the study sample are presented in
Table II.

Postoperatively, 60.0% of patients used opioids (38.4%
had a moderate daily dose [<15 mg] and 22.2% had a high
daily dose [�15 mg]) in the first 90 days (early recovery
period) (Table III). Of patients who were opioid users
during the early recovery period, the 25th percentile for
daily consumption was 6.2 mg, and 50th and 75th per-
centiles were 10.0 mg and 20.8 mg, respectively. During the
later rehabilitation period (days 91-360), 24% of patients
used opioids (14.9%-13.8% moderate daily dose, 8.7%-
8.2% high daily dose).

Overall follow-up was an average of 3.1 years and 9
years maximum; 95.8% of patients included in the study
sample had complete follow-up. The overall 5-year cumu-
lative incidence of aseptic revision was 4.2% (95% CI ¼
3.4%-4.4%). For the overall cohort, we failed to observe a
difference in aseptic revision risk when comparing post-
operative opioid use during the early recovery period with
no use (<15 mg daily use: HR ¼ 0.90, 95% CI ¼ 0.72-
1.13; �15 mg daily use: HR ¼ 1.26, 95% CI ¼ 0.94-1.68).
Regarding opioid consumption in the later rehabilitation
period, a higher revision risk was observed for patients who
used at least 15 mg of opioids daily (HR ¼ 1.62, 95% CI ¼
1.10-2.41) (Table IV); no association was observed for
moderate daily dose compared with no opioid use (HR ¼
1.25, 95% CI ¼ 0.82-1.91).



Table III Postoperative opioid utilization (in OME) after primary elective shoulder arthroplasty (N ¼ 8325), by 90-day postoperative
window

Exposure window

Days 1-90 Days 91-180 Days 181-270 Days 271-360

Total N at risk 8325 7895 7504 7085
Daily opioid user, n (%)
No opioid use 3278 (39.4) 6026 (76.3) 5778 (77.0) 5528 (78.0)
<15 mg 3196 (38.4) 1180 (14.9) 1077 (14.4) 975 (13.8)
�15 mg 1851 (22.2) 689 (8.7) 649 (8.6) 582 (8.2)

Daily OME) (mg)
25th percentile 6.2 2.6 2.3 2.0
50th percentile 10.0 8.3 8.3 8.3
75th percentile 20.8 28.0 27.5 27.9

OME, oral morphine equivalent.
* Percentiles were calculated for opioid users only.

1038 A. Singh et al.
Results for patients who had at least 1 preoperative opioid
prescription were similar to those found for the overall
cohort (Table IV): no difference was observed in revision
risk by opioid consumption during the early recovery period
(<15 mg daily use: HR ¼ 1.22, 95% CI ¼ 0.81-1.82; �15
mg daily use: HR ¼ 1.51, 95% CI ¼ 0.99-2.29) or for
moderate users during the later rehabilitation period (HR ¼
0.97, 95% CI ¼ 0.59-1.59), but a higher revision risk during
the first postoperative year was observed for preoperative
opioid users who continued to use a high daily opioid dose
during the later rehabilitation period (HR ¼ 2.43, 95% CI ¼
1.22-4.85). No difference was observed in revision risk after
the first postoperative year for patients who were preopera-
tive opioid users who continued to use a high daily opioid
dose during the later rehabilitation period (HR ¼ 0.96, 95%
CI ¼ 0.57-1.63). For patients who were opioid na€ıve at the
time of the shoulder arthroplasty procedure, those who took
moderate dose during the early recovery period had a lower
revision risk in the first postoperative year (HR ¼ 0.37, 95%
¼ 0.21-0.67), but no difference was observed in risk after the
first postoperative year (HR ¼ 1.26, 95% CI ¼ 0.74-2.14).
Preoperative opioid na€ıve patients who used opioids during
the later rehabilitation period had a higher revision risk
compared with nonusers, regardless of dose (<15 mg daily
use: HR¼ 1.82, 95% CI¼ 1.14-2.91;�15 mg daily use: HR
¼ 3.17, 95% CI ¼ 1.31-7.66).

Discussion

This study evaluated aseptic revision risk for individuals
with no, low (<15 mg morphine equivalents per day), and
high (�15 mg morphine equivalents per day) daily post-
operative opioid prescription after primary elective shoulder
arthroplasty. A higher aseptic revision risk was observed in
patients who continued to have a high dose of opioids
during the later rehabilitation period, both for patients who
were opioid users at the time of the index procedure and for
those who were opioid na€ıve. Further, opioid na€ıve patients
who continued to use opioids after the 90-day postoperative
period even at moderate doses also had a higher aseptic
revision risk even though a lower revision risk was observed
for this group of patients during the early recovery period.

Prior studies have described the relationship between
postoperative opioid use and revision risk for hip and knee
arthroplasty. Namba et al found that prolonged oral opioid
utilization after both total hip29 and knee arthroplasty30 was
associated with higher 1- and 5-year aseptic revision rates.
These findings were confirmed by other US studies finding
chronic postoperative opioid utilization to be associated
with a higher revision risk using PearlDiver data,7,9 as well
as an Australian cohort of total hip arthroplasty patients.22

The present study moves beyond this work, also finding
prolonged postoperative opioid prescription associated with
revision risk in the setting of elective shoulder arthroplasty.
We also stratified based on preoperative opioid use and
found the strongest association to be for opioid na€ıve pa-
tients who continued to use opioids after the early recovery
period with the strength of the association increasing as the
average daily dose increased. Interestingly, an inverse lower
revision risk was observed for opioid na€ıve patients who
used opioids during the early recovery period. We hy-
pothesize that opioid use may be a stronger indicator for
‘‘true’’ postsurgical pain during this time. Prolonged opioid
use in the late recovery period in the opioid na€ıve popu-
lation may be more prescient of revision risk in which a
surgeon may want to monitor the patient’s postsurgical
progress and course with perhaps more heightened clinical
concern, whereas preoperative opioid use may not be as
reliable an indicator of pain given neurobiologic and
physiological changes associated with chronic opioid use.
Preoperative opioid users did have a higher revision risk but
only for high dose usage after the first postoperative year.

As the present study is observational, the associations
reported here between postoperative opioid prescription and
higher revision risk cannot be interpreted as more opioid
utilization directly causes implant problems necessitating



Table IV Crude and adjusted associations of postoperative opioid oral morphine equivalents consumption (in mg) and risk of aseptic
revision after primary elective shoulder arthroplasty

Sample Exposure window Daily opioid use Number
revised

5-yr revision CIF
(95% CI)

Adjusted) HR
(95% CI)

P value

Overall (N ¼ 8325) Days 1-90 No opioid use 88 3.4% (2.7-4.1) (ref) –
<15 mg 73 3.5% (2.6-4.3) 0.90 (0.72-1.13) .350
�15 mg 72 5.6% (4.2-6.9) 1.26 (0.94-1.68) .116

Days 91-360 No opioid use 127 2.9% (2.4-3.4) (ref) –
<15 mg 34 4.6% (2.9-6.2) 1.25 (0.82-1.91) .298
�15 mg 29 5.6% (3.5-7.7) 1.62 (1.10-2.41) .016

Preoperative opioid
user (N ¼ 3707)

Days 1-90 No opioid use 25 3.7% (2.2-5.2) (ref) –

<15 mg 42 4.4% (3.0-5.7) 1.22 (0.81-1.82) .341
15þ mg 55 6.0% (4.3-7.6) 1.51 (0.99-2.29) .054

Days 91-360 No opioid use 57 3.9% (2.8-4.9) (ref) –
<15 mg 20 4.4% (2.3-6.4) 0.97 (0.59-1.59) .911
15þ mg 25 5.3% (3.2-7.5) 2.43 (1.22-4.85)y .011

0.96 (0.57-1.63)z .884
Opioid na€ıve

(N ¼ 4618)
Days 1-90 No opioid use 63 3.3% (2.5-4.1) (ref) –

<15 mg 31 2.7% (1.7-3.6) 0.37 (0.21-0.67)y .001
1.26 (0.74-2.14)z .394

�15 mg 17 4.5% (2.3-6.7) 1.17 (0.70-1.96) .557
Days 91-360 No opioid 70 2.4% (1.8-2.9) (ref) –

<15 mg 14 4.9% (2.3-7.5) 1.82 (1.14-2.91) .012
15þ mg 4 8.5% (0.0-16.5) 3.17 (1.31-7.66) .011

CIF, cumulative incidence function; CI, confidence intervals; HR, hazard ratio; ASA, American Society of Anesthesiologists; BMI, body mass index.
* Model adjusted for operating surgeon and patient risk factors: days 1-90 ¼ age, gender, surgical procedure, ASA classification, BMI, opioid dependent,

substance abuse, general chronic pain, anxiety, chronic pulmonary disease, migraines, liver disease, Hispanic, and depression; days 91-360 ¼ age,

gender, surgical procedure, ASA classification, BMI, opioid dependent, substance abuse, general chronic pain, anxiety, chronic lung disease, back pain,

rheumatoid arthritis/collagen vascular diseases, neurodegenerative disorders, and depression.
y Revision risk within 1 year postoperatively, stratified due to varying impact on the hazard over time (nonproportional hazard).
z Revision risk after 1 year postoperatively, stratified due to varying impact on the hazard over time (nonproportional hazard).

Bold values are statistically significant (P < .05).
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revision. Rather, more opioid utilization may be a marker for
1 or both of the following mechanisms: (1) ongoing noci-
ceptive pain, which may result from implant-related or soft
tissue complications that ultimately warrant revision surgery,
and/or (2) a constellation of known risk factors (eg, anxiety,
chronic pain, workers compensation) that also impact revi-
sion rates. Risk factors for prolonged opioid utilization after
elective shoulder arthroplasty are well described. Rao et al39

found that preoperative opioid use, chronic pain conditions,
and psychiatric issues, such as anxiety, were associated with
greater postoperative opioid utilization. Eads et al16 similarly
reported that patients with a history of depression, anxiety, or
medication for a mood disorder were 4 times more likely to
use narcotics after TSA. Other studies found preoperative
opioid utilization to be the strongest risk factor for post-
operative opioid utilization.5,12,23,32 Preoperative opioid
utilization, chronic pain, and mood disorders as important
risk factors for postoperative narcotic utilization are consis-
tent in the literature across orthopedic procedures including
hip and knee arthroplasty,6,18,20,24,31,34,40 anterior cruciate
ligament (ACL) reconstruction,1,38 rotator cuff repair,47 and
cervical spine surgery.35
Associations between preoperative opioid use and out-
comes in shoulder arthroplasty have also been previously
reported.Morris et al28 noted that patients whowere exposed
to opioids preoperatively had lower baseline PROM and
lower postoperative PROM after TSA compared with opioid
na€ıve patients, even though improvements in scores from
baseline to postoperative were observed. Thompson et al43

recently added that pain and motion had significantly more
improvement in the opioid-naive group compared with a
group that had taken opioids for 3 months before primary
total shoulder replacement.

This work has implications for further study. Evaluating
the potential reduction of TSA revision rates by using
multimodal pain management, reduction, or elimination of
perioperative opioids and prospective monitoring of at-risk
individuals are particular areas of interest.

Strengths and limitations

Study strengths include data that were obtained from an in-
tegrated health care system’s registry, with 100% capture rate
and prospective data collection methodologies, increasing
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internal validity. Our study sample includes health care
centerswith different casevolumes and surgeon training from
2 geographic regions, increasing generalizability. This study
included a larger sample, allowing for robust statistical
analysis of an outcome (revision) that is relatively
uncommon.

There are several limitations to consider. First, opioid
prescription and dispensing may not be a perfect marker for
pain as individuals have variable pain tolerance.27 Second,
OME was calculated based on dispensed quantities and the
intended prescribed frequency. Further, only oral and trans-
dermal opioids dispensed postoperatively within the inte-
grated health care system were captured via the EHR’s
outpatient encounter modules. It is acknowledged that a pa-
tient could take more or less than instructed and may not
consume all dispensed quantities. Third, we lacked informa-
tion on the reason for opioid prescriptions so patients may
have been prescribed opioids for other indications. To reduce
this confounding factor, we excluded patients who underwent
other arthroplasties within 1 year of the index shoulder
arthroplasty andpatientswith ahistory of cancer. Fourth, there
were over 40%missingvalues in opioid-related comorbidities
(eg, anxiety, dementia, chronic pain) due to conversion in
2016 of coding from ICD-9 to ICD-10. These data were
considered missing at random because administrative coding
changes were not directly related to patient status. Missing
data as potential confounders were handled with imputation
by chained equations; unbiased results can be obtained with
missing imputation, even in the settingofup to90%ofmissing
data, provided the imputation model is properly specified and
data are missing at random.25 With this method, the un-
certainties due tomissingdatawere compensatedwith a larger
standard error and wider CIs.11,26 A sensitivity analysis
excluding opioid-related comorbidities from the multivari-
able model was performed, and the same results regarding
postoperative opioid use and revision risk were observed.
Fifth, it is possible that individuals with chronic infections by
low-virulence organisms with a negative workup were coded
as aseptic loosening by the treating physician given the lack of
mandatory intraoperative cultures.However,wedonot expect
this to depend on opioid use status. Finally, a direct mecha-
nism or causation of opioid prescription and revision of
shoulder arthroplasty cannot be inferred from this work.
Conclusions
Opioid utilization during the late rehabilitation period
after elective primary shoulder arthroplasty was associ-
ated with a higher revision risk, a risk that was more
pronounced in opioid na€ıve patients. It is prudent to
counsel and monitor individuals with known risk factors
for sustained opioid utilization. Shoulder arthroplasty
patients who continue to use opioids after the early re-
covery period warrant close follow-up as it is an inde-
pendent risk factor for revision.
Disclaimer
The authors, their immediate families, and any research
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article.
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