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Take-Home Points
There was a significant increase in the utilization of shoulder arthroplasty in RA patients, particularly TSA.
There was a significant increase in the number of RA patients who underwent shoulder arthroplasty with a
diagnosis of rotator cuff disease.
There were no significant differences in adverse events or mean hospitalization costs between RA and nonRA patients.
Non-RA patients had a significantly shorter length of stay.
The utilization of shoulder arthroplasty in patients with RA significantly increased from 2002 to 2011, which
may partly reflect a trend toward management of rotator cuff disease with arthroplasty rather than repair.
It has been suggested that the utilization of total joint arthroplasty (TJA) in patients with rheumatoid arthritis (RA)
is decreasing over time;1 however, this observation is largely based upon evidence pertaining to lower extremity
TJA.2 It remains unknown if these observed trends also hold true for shoulder arthroplasty, whereby the utilization
of shoulder arthroplasty in RA patients is not limited to the management of end-stage inflammatory arthropathy.
In this study, we used a nationally representative population database in the US to identify trends in the utilization
of shoulder arthroplasty among patients with RA. As a secondary objective, we sought to determine the rate of
early adverse events, length of stay, and hospitalization costs associated with RA patients undergoing shoulder
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arthroplasty and compare these outcomes to those of patients without a diagnosis of RA undergoing shoulder
arthroplasty. We hypothesize that the utilization of shoulder arthroplasty in RA patients would be decreasing, but
adverse events, length of stay, and hospitalization costs would not differ between patients with and without RA
undergoing shoulder arthroplasty.

Methods
We conducted a retrospective cohort study using the Healthcare Cost and Utilization Project (HCUP) Nationwide
Inpatient Sample (NIS) from 2002 to 2011.3 The NIS comprises a 20% stratified sample of all hospital discharges
in the US. The NIS includes information about patient characteristics (age, sex, insurance status, and medical
comorbidities) and hospitalization outcomes (adverse events, costs, and length of stay). The NIS allows
identification of hospitalizations according to procedures and diagnoses using International Classification of
Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes. Given the anonymity of this study, it was exempt
from Institutional Review Board ethics approval.
Hospitalizations were selected for the study based on ICD-9-CM procedural codes for hemiarthroplasty (81.81),
anatomic total shoulder arthroplasty (TSA) (81.80), and reverse TSA (81.88). These patients were then stratified
by an ICD-9-CM diagnosis of RA (714.X). We also utilized ICD-9-CM diagnosis codes to determine the presence of
rotator cuff pathology at the time of shoulder arthroplasty (726.13, 727.61, 840.4) and to exclude patients with a
history of trauma (812.X, 716.11, 733.8X). In a separate analysis, all patients in the NIS database with an ICD-9CM diagnosis of RA were identified for each calendar year of the study, and a national estimate of RA patients was
generated annually to assess overall and individual utilization rates of shoulder arthroplasty in this population (the
national estimate served as the denominator).
Preoperative patient data withdrawn from the NIS included age, sex, insurance status, and medical comorbidities.
An Elixhauser Comorbidity Index (ECI) was generated for each patient based on the presence of 29 comorbid
conditions. The ECI was chosen because of its capacity to accurately predict mortality and represent the patient
burden of comorbidities in similar administrative database studies.4-6
Early adverse events were also chosen based on ICD-9-CM diagnosis codes (Appendix A), and included the
following: death, acute kidney injury, cardiac arrest, thromboembolic event, myocardial infarction, peripheral
nerve injury, pneumonia, sepsis, stroke, surgical site infection, urinary tract infection, and wound dehiscence. The
overall adverse event rate was defined as the occurrence of ≥1 of the above adverse events in a patient.
Length of stay and total hospital charges were available for each patient. Length of stay represents the number of
calendar days a patient stayed in the hospital. All hospital charges were converted to hospitalization costs using
the HCUP Cost-to-Charge Ratio Files. All hospitalization costs were adjusted for inflation using the US Bureau of
Labor statistics yearly inflation calculator to represent charges in the year 2011, which was the final and most
recent year in this study.

Statistical Analysis
Statistical analyses were conducted using Stata version 13.1 (StataCorp, LP). All analyses took into account the
complex survey design of the NIS. Discharge weights, strata, and cluster variables were included to correctly
estimate variance and to produce national estimates from the stratified sample. Pearson’s chi-squared test was
used to compare age, sex, ECI, and insurance status between RA and non-RA patients undergoing shoulder
arthroplasty.
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Bivariate and multivariate logistic regressions were subsequently used to compare the rates of adverse events
between RA and non-RA patients undergoing shoulder arthroplasty (non-RA cases were used as the reference).
Multivariate linear regressions were used to compare hospital length of stay and hospitalization costs between RA
and non-RA patients undergoing shoulder arthroplasty. The multivariate regressions were adjusted for baseline
differences in age, sex, ECI, and insurance status. Cochran-Armitage tests for trend were used to assess trends
over time. All tests were 2-tailed, and the statistical difference was established at a 2-sided α level of 0.05 (P <
.05).

Results
Overall, we identified 332,593 patients who underwent shoulder arthroplasty in the US between 2002 and 2011,
of which 17,883 patients (5.4%) had a diagnosis of RA. In comparison with non-RA patients undergoing shoulder
arthroplasty, patients with RA at the time of shoulder arthroplasty were significantly younger (65.2 ± 12.5 years
vs 68.4 ± 11.0 years, P < .001), included a significantly greater proportion of female patients (76.7% vs 53.8%, P
< .001), and included a significantly higher proportion of patients with Medicaid insurance (3.6% vs 2.3%, P <
.001). There were no significant differences in the mean ECI between patients with and without a diagnosis of RA
(Table 1). As depicted in Table 1, there were significant differences in the utilization of specific shoulder
arthroplasty types between patients with and without RA, whereby a significantly greater proportion of RA
patients underwent hemiarthroplasty (HA) (31.6% vs 29.3%, P = .002) and reverse TSA (7.7% vs 6.6%, P = .002),
whereas a significantly greater proportion of non-RA patients underwent anatomic SA (64.0% vs 60.8%, P = .002).
Over the study period from 2002 to 2011, there was a significant increase in the overall utilization of shoulder
arthroplasty in RA patients, as indicated by both the absolute number and the proportion of patients with a
diagnosis of RA (P < .001) (Table 2, Figure). More specifically, 0.39% of RA patients underwent shoulder
arthroplasty in 2002, as compared with 0.58% of RA patients in 2011 (P < .001) (Table 2). With respect to specific
arthroplasty types, there was an exponential rise in the utilization of reverse TSA beginning in 2010 and a
corresponding decrease in the rates of both HA and anatomic TSA (Table 2, Figure). In addition to changes in
shoulder arthroplasty utilization over time among RA patients, we also observed a significant increase in the
number of RA patients undergoing shoulder arthroplasty with a corresponding diagnosis of rotator cuff disease
(9.7% in 2002 to 15.2% in 2011, P < .001).
Among patients with RA undergoing shoulder arthroplasty, the overall rate of early adverse events was 3.12%, of
which the most common early adverse events were urinary tract infections (1.8%), acute kidney injury (0.66%),
and pneumonia (0.38%) (Table 3). As compared with patients without a diagnosis of RA undergoing shoulder
arthroplasty, there were no significant differences in the overall and individual rates of early adverse events
(Table 3).
The mean length of stay following shoulder arthroplasty in RA patients was 2.4 ± 1.6 days, and the mean
hospitalization cost was $14,787 ± $7625 (Table 3). As compared with non-RA patients undergoing shoulder
arthroplasty, there were no significant differences in the mean hospitalization costs; however, non-RA patients had
a significantly shorter length of stay by 0.1 days (P = .002) (Table 3).

Discussion
In this study, we observed that the utilization of shoulder arthroplasty in patients with RA increased significantly
in the decade from 2002 to 2011, largely related to a rise in TSA. Interestingly, we also observed a corresponding
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rise in the proportion of RA patients undergoing shoulder arthroplasty with a diagnosis of rotator cuff disease, and
we believe that this may partly account for the recent increase in the use of the reverse TSA in this patient
population. Additionally, we found shoulder arthroplasty in RA patients to be safe in the early postoperative
period, with no significant increase in cost as compared with patients undergoing shoulder arthroplasty without a
diagnosis of RA. Although we did observe a significant increase in length of stay among RA patients as compared
with non-RA patients, the absolute difference was only 0.1 days, and given the aforementioned similarities in cost
between RA and non-RA patients, we do not believe this difference to be clinically significant.
It has been theorized that the utilization of TJA in RA patients has been decreasing with improvements in medical
management; however, this is largely based upon literature pertaining to lower extremity TJA.2 On the contrary,
past research pertaining to the utilization of shoulder arthroplasty in RA patients has been highly variable. For
instance, a Swedish study demonstrated a statistically significant decrease in admissions associated with RArelated upper limb surgery and a stable rate of shoulder arthroplasty between 1998 and 2004.7 Similarly, a
Finnish study demonstrated that the annual incidence of primary joint arthroplasty in RA patients had declined
from 1995 to 2010, with a greater decline for upper-limb arthroplasty as compared with lower-limb arthroplasty.8
Despite these European observations, Jain and colleagues9 reported an increasing rate of TSA among RA patients
in the US between the years 1992 and 2005. In this study, we demonstrate a clear increase in the utilization of
shoulder arthroplasty among RA patients between 2002 and 2011. What was most striking about our observation
was that the rise in utilization appeared to be driven by an increase in TSA, whereas the utilization of HA
decreased over time. This change in practice likely reflects several factors, including the multitude of studies that
have demonstrated improved outcomes with anatomic TSA as compared with HA in RA patients.10-14
Perhaps the most interesting aspect of our data was the recent exponential rise in the utilization of the reverse
TSA. Despite improved outcomes following TSA as compared with HA in RA patients, these outcomes all appear to
be highly dependent upon the integrity of the rotator cuff.10 In fact, there is evidence that failure of the rotator
cuff could be as high as 75% within 10 years of TSA in patients with RA,15 which ultimately could jeopardize the
long-term durability of the TSA implant in this patient population.11 For this reason, interest in the reverse TSA for
the RA patient population has increased since its introduction in the US in 2004;16 in fact, in RA patients with endstage inflammatory arthropathy and a damaged rotator cuff, the reverse TSA has demonstrated excellent
results.17-20 Based upon this evidence, it is not surprising that we found an exponential rise in the use of the
reverse TSA since 2010, which corresponds to the introduction of an ICD-9 code for this implant.21 Prior to 2010, it
is likely that many implanted reverse TSAs were coded as TSA, and for this reason, we believe that the observed
rise in the utilization of TSA in RA patients prior to 2010 may have been partly fueled by an increase in the use of
the reverse TSA. To further support this theory, there was a dramatic decrease in the use of anatomic TSA
following 2010, and we believe this was related to increased awareness of the newly introduced reverse TSA code
among surgeons.
Another consideration when examining the utilization of shoulder arthroplasty in RA patients is its versatility in
managing different disease states, including rotator cuff disease. As has been documented in the literature,
outcomes of rotator cuff repair in RA patients are discouraging.22 For this reason, it is reasonable for surgeons and
patients with RA to consider alternatives to rotator cuff repair when nonoperative management has failed to
provide adequate improvement in symptoms. One alternative may be shoulder arthroplasty, namely the reverse
TSA. In this study, we observed a significant increase in the rate of diagnosis of rotator cuff disease among RA
patients undergoing shoulder arthroplasty from 2002 to 2011 (9.7% in 2002 to 15.2% in 2011, P < .001), and it is
our belief that the simultaneous increase in the diagnosis of rotator cuff disease and use of TSA is not
coincidental. More specifically, there is likely an emerging trend among surgeons toward using the reverse TSA to
manage rotator cuff tears in the RA population, rather than undertaking a rotator cuff repair that carries a high
rate of failure. Going forward, there is a need to not only identify this trend more clearly but to also compare the
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outcomes between reverse TSA and rotator cuff repair in the management of rotator cuff tears in RA patients.
In this study, we observed that RA patients undergoing shoulder arthroplasty were significantly younger than nonRA patients undergoing shoulder arthroplasty. At first, this observation seems to counter recent literature
suggesting that the age of patients with inflammatory arthropathy undergoing TJA is increasing over time;1
however, looking more closely at the data, it becomes clearer that the mean age we report is actually a relative
increase as compared with past clinical studies pertaining to RA patients undergoing shoulder arthroplasty (mean
ages of 47 years,23 55 years,24 60 years,10 and 62 years25). On the other hand, the continued existence of an age gap
between RA and non-RA patients undergoing shoulder arthroplasty may be the result of several possible
phenomena. First, this may reflect issues with patient access to and coverage of expensive biologic antirheumatic
medication that would otherwise mitigate disease progression. For instance, the out-of-pocket expense for biologic
medication through Medicaid and Medicare is substantial,26 which has direct implications on over two-thirds of our
RA cohort. Second, it may be skewed by the proportion of RA patients who have previously been or continue to be
poorly managed, enabling disease progression to end-stage arthropathy at a younger age. Ultimately, further
investigation is needed to determine the reasons for this continued age disparity.
In comparing RA and non-RA patients undergoing shoulder arthroplasty, we did not find a significant difference in
the overall nor the individual rates of early adverse events. This finding appears to be unique, as similar studies
pertaining to total knee arthroplasty (TKA) demonstrated a significantly higher incidence of postoperative
pneumonia and bleeding requiring transfusion among RA patients as compared with non-RA patients.27 In patients
with RA being treated with biologic medication and undergoing shoulder arthroplasty, the frequent concern in the
postoperative period is the integrity of the wound and the potential for infection.28 In this study, we did not find a
significant difference in the rate of early infection, and although the difference in the rate of early wound
dehiscence approached significance, it did not meet the threshold of 0.05 (P = .09). This finding is in keeping with
the aforementioned NIS study pertaining to TKA, and we believe that it likely reflects the short duration of followup for patients in both studies. Given the nature of the database we utilized, we were only privy to complications
that arose during the inpatient hospital stay, and it is likely that the clear majority of patients who develop a
postoperative infection or wound dehiscence do so in the postoperative setting following discharge. A second
concern regarding postoperative wound complications is the management of biologic medication in the
perioperative period, which we cannot determine using this database. Despite all these limitations specific to this
database, a past systematic review of reverse TSA in RA patients found a low rate of deep infection after reverse
TSA in RA patients (3.3%),17 which was not higher than that after shoulder arthroplasty performed in non-RA
patients.
A final demonstration from this study is that the hospital length of stay was significantly longer for RA patients
than non-RA patients undergoing shoulder arthroplasty; however, given that the difference was only 0.1 days, and
there was no significant difference in hospitalization cost, we are inclined to believe that statistical significance
may not translate into clinical significance in this scenario. Ultimately, we do believe that length of stay is an
important consideration in the current healthcare system, and given our finding that shoulder arthroplasty in the
RA patient is safe in the early postoperative period, that a prolonged postoperative hospitalization is not
warranted on the sole basis of a patient’s history of RA.
As with all studies using data from a search of an administrative database, such as the NIS database, this study
has limitations. First, this type of research is limited by the reliability of both diagnosis and procedural coding.
Although the NIS database has demonstrated high reliability,3 it is still possible that events may have been
miscoded. Second, the tracking period for adverse events is limited to the inpatient hospital stay, which may be
too short to detect certain postoperative complications. As such, the rates we report are likely underestimates of
the true incidence of these complications, but this is true for both the RA and non-RA populations. Third, the
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comparisons we draw between RA and non-RA patients are limited to the scope of the NIS database and the
available data; as such, we could not draw comparisons between preoperative disease stage, intraoperative
findings, and postoperative course following hospital discharge. Lastly, our data are limited to a distinct period
between 2002 and 2011 and may not reflect current practice. Ultimately, our findings may underestimate current
trends in shoulder arthroplasty utilization among RA patients, particularly for the reverse TSA.

Conclusion
In this study, we found that the utilization of shoulder arthroplasty in patients with RA increased significantly from
2002 to 2011, largely related to a rise in the utilization of TSA. Similarly, we observed a rise in the proportion of
RA patients undergoing shoulder arthroplasty with a corresponding diagnosis of rotator cuff disease, and we
believe the increased utilization of shoulder arthroplasty among RA patients resulted from management of both
end-stage inflammatory arthropathy and rotator cuff disease. Although we did not find a significant difference
between RA and non-RA patients in the rates of early adverse events and overall hospitalization costs following
shoulder arthroplasty, length of stay was significantly longer among RA patients; however, the absolute difference
does not appear to be clinically significant.
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Table 2. The Annual Utilization of Shoulder Arthroplasty Among Patients with a Diagnosis of Rheumatoid
Arthritis.
Proportion of RA patients
YearOverall Rate of Shoulder Arthroplastya
20020.39
20030.37
20040.46
20050.46
20060.47
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Reverse
HA Anatomic TSA
TSA
0.230.16
0
0.190.18
0
0.250.21
0
0.210.25
0
0.200.27
0
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20070.55
20080.47
20090.50
20100.58
20110.58
Absolute number of RA patients
20021295
20031247
20041667
20051722
20061847
20072249
20082194
20092407
20102869
20113193

0.220.33
0.170.30
0.150.35
0.150.37
0.120.23

0
0
0
0.06
0.23

768 527
650 597
906 761
776 946
794 1053
910 1339
799 1395
724 1683
722 1857
649 1261

0
0
0
0
0
0
0
0
290
1283

a

Rate determined as number of RA patients undergoing shoulder arthroplasty compared to the number of
patients with an RA diagnosis in the stated calendar year.
Abbreviations: HA, hemiarthroplasty; RA, rheumatoid arthritis; TSA, total shoulder arthroplasty.

Table 3. A Comparison of Early Adverse Events, Length of Stay, and Cost Between Patients With and
Without Rheumatoid Arthritis (RA) Undergoing Shoulder Arthroplasty
Comparison of Early Adverse Event Rates
Non-RA Patients

RA Patients

3.12%
Overall adverse event rate 3.02%
Specific adverse event rate
Death
0.08%
0.05%
Acute kidney injury
0.85%
0.66%
Cardiac arrest
0.05%
0.05%
Thromboembolic event
0.01%
0.00%
Myocardial Infarction
0.22%
0.06%
Peripheral nerve injury
0.08%
0.11%
Pneumonia
0.47%
0.38%
Sepsis
0.08%
0.08%
Stroke
0.07%
0.05%
Surgical site infection
0.09%
0.13%
Urinary tract infection
1.44%
1.80%
Wound dehiscence
0.01%
0.05%
Comparison of Length of Stay and Hospital Charges

a

Length of stay

www.amjorthopedics.com

Non-RA Patients
(percent)

RA Patients
(percent)

2.3±2.0

2.4±1.6

Multivariate Logistic
Regression
Odds Ratio
1.0

P-Value
0.83

0.9
0.9
1.3
0.4
1.5
0.9
1.3
0.9
1.4
1.1
3.6

0.91
0.59
0.70
0.17
0.45
0.70
0.62
0.93
0.52
0.46
0.09

Multivariate Linear
Regression
Beta

P-Value

+0.1

0.002
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Hospitalization costb

14,826±8,336

14,787±7,625

+93

0.59

a

Reported in days. bReported in 2011 US dollars, adjusted for inflation.

Appendix A. ICD-9-CM Codes Corresponding to Postoperative Adverse Events
Event
ICD-9-CM
Acute kidney injury
584.5-584.9
Cardiac arrest
427.41, 427.5
Thromboembolic event 453.2-453.4, 453.82-453.86, 415.1
Myocardial Infarction 410.00-410.92
Peripheral nerve injury953.0-953.9 954.0-954.9, 955.0-955.9, 956.0-956.9
480.0-480.9, 481, 482.0-482.9, 483.0-483.8, 484.1-484.8, 485,
Pneumonia
486
Sepsis
038.0-038.9, 112.5, 785.52, 995.91, 995.92
Stroke
430, 432, 433.01-434.91, 997.02
Surgical site infection 998.51, 998.59, 996.67
Urinary tract infection 599
Wound dehiscence
998.30-998.33
Abbreviation: ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical Modification
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