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ARTICLE INFO Background: Reverse total shoulder arthroplasty (RTSA) has become an increasingly popular surgery for

patients with rotator cuff arthropathy, unreconstructible proximal humeral fracture, and end-stage
Keywords: glenohumeral arthritis. The increased annual volume of RTSAs has resulted in more postoperative
Reverse total shoulder arthroplasty complications and revision rates between 3.3% and 10.1%. Postoperative infection is one of the most
postoperative infection common complications requiring revision surgery after primary RTSA. This study assesses

complications

rheumatoid arthritis

risk factors

previous nonarthroplasty surgery

patient-specific risk factors for development of early infection after primary RTSA in a single
high-volume shoulder arthroplasty institution.
Methods: From 2014 to 2019, 902 consecutive primary RTSAs were performed for surgical treatment of

primary arthroplasty rotator cuff arthropathy, glenohumeral arthritis, inflammatory arthropathy, and/or dislocation. Excluding

proximal humeral or scapula fractures, 756 cases met the inclusion criteria and had a minimum of
Level of evidence: Level Ill; Retrospective 3-month follow-up. All surgeries were performed using the same surgical technique and received similar
Case-Control Design; Prognosis Study antibiotic prophylaxis. Age, patient demographics, medical history, smoking history, and prior ipsilateral

shoulder treatment and/or surgery were recorded. Multivariable logistic regression analysis was used to
determine risk factors associated with development of postoperative shoulder infection.
Results: Thirty-five patients did not meet minimum follow-up criteria and were lost to follow-up.
Overall, of 721, 22 patients (3%) developed a postoperative ipsilateral shoulder infection. Previous
nonarthroplasty surgery and history of rheumatoid arthritis were significantly associated with the
development of postoperative shoulder infection. Amongst 196 patients who had previous
nonarthroplasty shoulder surgery, there were 12 postoperative shoulder infections (6%) compared with
those without previous shoulder surgery (10 of 525, 2%) (P =.003). Among 58 patients with rheumatoid
arthritis, there were 5 postoperative shoulder infections (9%) compared with patients without
rheumatoid arthritis (17 of 663, 3%) (P = .010). Patient age, gender, smoking status, history of diabetes
mellitus, history of cancer/immunosuppression, and prior cortisone injection did not demonstrate
significant associations with the development of postoperative infection.
Conclusion: Prior nonarthroplasty shoulder surgery and/or rheumatoid arthritis are independently
associated with the development of postoperative infection after primary RTSA. Patients who
demonstrate these risk factors should be appropriately evaluated and preoperatively counseled before
undergoing primary RTSA. Strong consideration should be given to avoid minimally invasive
nonarthroplasty surgery as a temporizing measure to delay definitive RTSA.

© 2021 The Authors. 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/).

Reverse total shoulder arthroplasty (RTSA) has become an
increasingly used surgical treatment option not just for patients
with rotator cuff arthropathy, or unreconstructible proximal
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Table I
Cohort demographics.
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Table II
Risk factors associated with development of postoperative shoulder infection.

Patient demographics Total (N = 721)

Mean age (yr) 70 Range (39-92)
Mean follow-up (mo) 18 Range (1-76)
Gender M 365 (51%) F 356 (49%)
Comorbidities Yes No

Diabetes mellitus 135 (19%) 586 (81%)
Rheumatoid arthritis 58 (8%) 663 (92%)
Smoking 37 (5%) 684 (95%)
Cancer/Immunosuppression 180 (25%) 541 (75%)
Previous surgery 196 (27%) 525 (73%)
Corticosteroid injections 510 (71%) 211 (29%)

ranging from 3.3% to 10.1%.>>!° The most common complications
requiring revision surgery after primary RTSA are instability and
infection.>*!>16

Deep and superficial site infections have potentially devastating
consequences requiring antibiotics and potential need for
debridement, revision, or possible resection surgery. Infection after
reverse arthroplasty has been reported at rates between 3.8 and
12%.236.1719.24 primary RTSA has been associated with increased
risk of infection vs. primary anatomic total shoulder arthroplasty
across small sample size studies. However, the confounding effects
of other patient variables such as past medical history, social
history, sex, and prior treatment course on this risk of postoperative
infection make etiology less clear.>!%%3

The purpose of this retrospective study was to assess
patient-specific risk factors for development of early infection after
primary RTSA in a single high-volume shoulder arthroplasty
institution.

Methods

Between January 2014 and January 2019, the senior author
performed 902 consecutive primary RTSAs for the surgical
treatment of patients with rotator cuff tear arthropathy, primary
glenohumeral arthritis, and/or proximal humeral fracture. During
this time period, 756 cases met the inclusion criteria of primary
RTSA for glenohumeral osteoarthritis, rotator cuff arthropathy,
inflammatory arthropathy, and/or dislocation arthropathy (Fig. 1).
Exclusion criteria included patients undergoing RTSA for proximal
humerus fracture or other shoulder fractures (glenoid, scapula) and
a minimum clinical follow-up of 3 months. Minimum duration was
defined as 3 months, as acute perioperative infections can occur up
to 3 months from date of index surgery.’

Electronic medical records were surveyed to collect patient
demographics including age, gender, medical history, smoking
history, shoulder laterality, and any treatment before primary
RTSA—including any ipsilateral shoulder corticosteroid injection
and/or soft-tissue (nonarthroplasty) shoulder surgery. All patients
underwent the same surgical technique for primary RTSA using the
same surgical approach, the same cementless humeral and glenoid
components, and the same antibiotic prophylaxis with combined
preoperative 3rd-generation cephalosporin and vancomycin
antibiotics—both of which were continued for 24 hours
postoperatively based on pharmacologic dosing guidelines.

Institutional review board approval was obtained, and two
independent investigators performed a retrospective chart review
of all patients. Postoperative clinical course was followed across all
patients for the incidence of either superficial or deep
postoperative shoulder infection.”!> Postoperative presentation of
fevers, wound complications, erythema, induration, insidious
shoulder pain, or radiographic progression of osteolysis were
identified with high index of suspicion for infection (Fig. 2). If
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Demographic risk factors Presence of infection Pvalue Post-hoc

Yes (N =22) No (N = 699) power
Mean age (yr) 66 70 .047 NA
Range (54-84) Range (39-92)
Mean follow-up (mo) 26 17 .002 NA
Range (1-64) Range (3-76)
Gender .709 6.8%
F 10 (3%) 346 (97%)
M 12 (3%) 353 (97%)
Diabetes mellitus 947 5.3%
Yes 4 (3%) 131 (97%)
No 18 (3%) 568 (97%)
Rheumatoid arthritis .010 28.6%
Yes 5 (9%) 53 (91%)
No 17 (3%) 646 (97%)
Smoking .899 6.8%
Yes 1(3%) 36 (97%)
No 21 (3%) 663 (97%)
Cancer/immunosuppression 212 33.3%
Yes 3(2%) 177 (98%)
No 19 (4%) 522 (96%)
Corticosteroid injections 494 6.5%
Yes 17 (3%) 493 (97%)
No 5 (2%) 206 (98%)
Previous surgery .003 67.3%
Yes 12 (6%) 184 (94%)
No 10 (2%) 515 (98%)

suspected, serum laboratory studies, computed tomography aspi-
ration, and culture were performed. Prosthetic shoulder infection
was ultimately diagnosed using major and minor criteria updated
by the Musculoskeletal Infection Society in 2011.>> Any shoulders
with equivocal but concerning criteria for periprosthetic joint
infection were treated as infections with two-stage revision
shoulder arthroplasty (Fig. 3).

Patient characteristics and risk factors were summarized by
mean and standard deviation or medians with interquartile range
for continuous variables, while categorical variables by frequencies
and percentage. Differences between those that developed
infection vs. those that did not were compared by Student’s t-test or
Mann-Whitney U test for continuous variables, while Pearson
chi-square or Fisher’s exact test were used for categorical variables.

Multivariable logistic regression analysis was used to determine
risk factors associated with development of shoulder infection.
Backward step-by-step variable selection was implemented until
final model was achieved, which was found to be parsimonious and
had very good discriminative ability with c-statistics of 0.78.
All analyses were performed with R, version 4.0.3 (http://www.
r-project.org/) statistical software. P value < .05 was considered
statistically significant.

Results

Detailed patient demographics are illustrated in Table 1. There
were 35 patients lost to follow-up with less than 3 months of
follow-up. Overall, 22 of 721 patients (3%) developed a
postoperative ipsilateral shoulder infection. Patient age, gender,
smoking status, history of diabetes mellitus, and/or history of
cancer/immunosuppression did not demonstrate significant
associations with the development of postoperative infection.

Both previous nonarthroplasty surgery and history of rheumatoid
arthritis were significantly associated with the development of
postoperative shoulder infection. One hundred ninety-six patients
(27%) in the overall study group reported a history of prior ipsilateral
nonarthroplasty shoulder surgery. In this subgroup, there were 12
postoperative shoulder infections (12 of 196, 6%) compared with 10
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Figure 1 66-year-old man with end-stage osteoarthritis underwent uneventful RTSA with glenoid bone grafting. (A) Preoperative. (B) Postoperative. RTSA, reverse total shoulder

arthroplasty.

Figure 2 X-ray obtained at 2 years postoperatively shows proximal humeral bone
resorption and prosthetic loosening.

infections in shoulders without previous surgery (10 of 525, 2%)
(P =.004). Patients with previous surgery had 2.7 times higher odds
of developing infection as compared those without previous surgery
(odds ratio, 95% confidence interval = 2.67 [1.07, 6.76]).

Fifty-eight patients (8%) in the overall study group reported a
medical history of rheumatoid arthritis. In this subgroup of 58
patients, 5 (9%) developed postoperative shoulder infections. This
was statistically significant when compared with the 17 patients
without rheumatoid arthritis who had a postoperative infection
(17 of 663, 3%) (P = .009). Patients with rheumatoid arthritis had
3.5 times higher odds of developing infection as compared with
patients without rheumatoid arthritis (odds ratio, 95% confidence
interval = 3.45 [1.04, 9.09]).

There were 17 cases of infections in patients who had
corticosteroid injections before primary RTSA (17 of 510, 3%). This
did not demonstrate statistical significance when compared with
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the patients who did not have previous corticosteroid injections
(5 of 211 or 2%, P = .521).

Discussion

Periprosthetic infection represents a potentially devastating
complication after primary RTSA and often requires extensive
treatment, including intravenous antibiotics, debridement, and/or
revision arthroplasty. As such, it is important to identify
preoperative risk factors that may increase infection risk and
counsel patients accordingly. In this single-institution
single-surgeon cohort, we identified an overall postoperative
infection rate of 3%, which is consistent with rates reported across
the peer-reviewed literature.>>%!71924 However, our study
demonstrated that prior nonarthroplasty shoulder surgery and/or
rheumatoid arthritis are statistically significant independent risk
factors contributing to early postoperative infection after RTSA.

Other studies have evaluated the association of comorbidities
and postoperative RTSA infection. While little correlation has been
shown comparing age, gender, hypertension, and/or cardiac disease
with postoperative infection, some studies have found a higher risk
of postoperative infection in patients with higher body mass
index,'® diabetes,'* and/or smoking history."'" In our study, we did
not identify an association with any medical comorbidity other
than rheumatoid arthritis. Similarly, Cho et al® performed a
systematic review of RTSA in patients with rheumatoid arthritis
and described complications in nearly 1 in 5 patients. Four
infections were reported across 123 cases and were responsible for
approximately 15% of overall adverse outcomes. Guery et al'® also
presented 8 cases of infection after RTSA in patients with
rheumatoid arthritis, who required the highest rates of revision
surgery in their study population. Given these current findings, we
would recommend a heightened index of suspicion of
postoperative infection in patients with rheumatoid arthritis who
complain of persistent unexplained shoulder pain postoperatively.
The risk of infection in this patient population may be complicated
by the management of their steroid use or disease-modifying
antirheumatoid drugs. At our institution, we routinely involve
rheumatologists in this decision-making process, which minimizes
the bias of the surgeon regarding the discontinuation and
resumption of these medications postoperatively.
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Figure 3 Two-stage revision was performed. First stage includes implant removal, antibiotic spacer placement, and IV antibiotics for 6 weeks. (A) Once infection is cleared, second
stage is performed, which includes spacer removal and revision RTSA (B). RTSA, reverse total shoulder arthroplasty.

Traditional orthopedic teaching preaches maximizing
conservative management for large joint arthritis patients before
definitive joint arthroplasty. Patients often undergo corticosteroid
injection management and even arthroscopic debridement
procedures before their final arthroplasty treatment. In the hip and
knee literature, there are recent reports of increased postoperative
infections associated with arthroplasty and prior corticosteroid
injections .>'>!620 Furthermore, Werner et al*' evaluated 8420
patients with shoulder arthroplasty and found an increased
incidence of infection in those who had received a corticosteroid
injection within 3 months of surgery. In our study, we did not find a
similar association between prior corticosteroid injection and
postoperative infection; however, in comparison, our cohort is
smaller and may be limited in power. Owing to the tertiary nature
of the practice, we routinely encounter patients who had failed
multiple cortisone injections before their presentation. We were
unable to accurately identify the timing of their prior injections
and, hence, unable to detect the impact of the corticosteroid
injections on infection risk.

When evaluating the impact of prior non-arthroplasty surgery
on infection risk, there are conflicting data in the literature. Frank
et al® prospectively evaluated 506 patients who underwent
shoulder arthroplasty, 28% of whom had undergone previous
procedures on the ipsilateral shoulder. The rate of minor
complications was increased in the previous surgery group, but
there was no difference between the two groups in major
complications, including infection and revision surgery.®
Conversely, in a retrospective review of 464 RTSAs, Florschiitz
et al’ found that previously operated-on shoulders undergoing
RTSA demonstrated a significantly higher infection rate compared
than native shoulders. Moreover, Werthel et al>? evaluated 4577
patients who underwent anatomic, hemiarthroplasty, or reverse
shoulder arthroplasty and found a significant increase in
periprosthetic infections in those with a history of prior ipsilateral
nonarthroplasty surgery. In our cohort, we similarly found a 3-fold
higher risk of infection associated with history of shoulder surgery
(6% vs. 2%) (Table II). This is consistent with the infection
risk associated with prior shoulder surgery as reported by others,
including Malik et al*® and Wright-Chisem et al.”?%%’
This statistically significant finding cautions against using
nonarthroplasty surgery as a temporizing option before primary
RTSA.

1065

Furthermore, when evaluating patients with previous
nonarthroplasty procedures, it is advisable to include a full workup
for subclinical infection before proceeding with primary
RTSA—despite the benign clinical appearance of any scars or prior
“minimally invasive” arthroscopic surgeries.

There are several limitations to this study. First, clinical
follow-up is admittedly short term, and other associations with
postoperative infection may develop with a longer-term follow-up.
Second, as a retrospective cohort study, the study design was
unable to capture all potential demographic or medical comorbid
cofounders, including type of rheumatoid medications, overall
health severity (Charlson comorbidity index), or nutritional impact
to overall infection risk. Third, the incidence rate of shoulder
infections in our study was very low. Therefore, the sample size for
certain previously described infection risk factors (body mass
index, diabetes, smoking, and so on) in our cohort may be too small
to detect statistical significance. However, we reported an infection
incidence rate similar to those published in other shoulder surgery
literature. >>!° Database studies with large enough sample sizes
may be able to detect other significant risk factors; however,
they may have other uncontrollable confounders across surgeons/
institutions. The strengths of this study include an overall large
consecutive sample size, uniform treatment by one surgeon using
one technique and one implant, and prospectively collected
postoperative data allowing for detailed retrospective evaluation.

Conclusion

Prior nonarthroplasty shoulder surgery and/or rheumatoid
arthritis are independently associated with the development of
postoperative infection after primary RTSA. Patients who
demonstrate these risk factors should be appropriately evaluated
and preoperatively counseled before undergoing primary RTSA.
Furthermore, in light of the increased infection risk, strong
consideration should be given by both physician and patient to
avoiding minimally invasive nonarthroplasty shoulder surgery as a
temporizing measure to delay definitive primary RTSA.
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