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Abstract Background: Revision shoulder arthroplasty has
become increasingly common as primary arthroplasty has
become more widespread. Questions/Purposes: We sought
to answer two questions: What are the risks factors for
revision shoulder arthroplasty? What are the complications
associated with revision shoulder arthroplasty? Methods: A
retrospective search of a national insurance database from
the years 2013 to 2016 was undertaken for billing codes of
patients undergoing revision shoulder arthroplasty. The odds
ratios for revision of various patient demographic character-
istics and comorbidities were determined. The incidences of
various complications within 90 days of revision were de-
termined. Results: A total of 824 cases of revision shoulder
arthroplasty were found. Eighty-seven patients (10.5%) had

infections prior to revision and 133 patients (16.1%) had
dislocations prior to revision. Of the risk factors examined,
smoking status was associated with the highest odds ratio for
revision (8.1). Additionally, depression, Charlson Comorbid-
ity Index (CCI), male gender, renal failure, and diabetes were
significant risks factors for revision. The most common com-
plication of revision shoulder arthroplasty was found to be
surgical site infection, affecting 10.9% of patients. In the time
period studied, 89 patients underwent more than one revision
shoulder arthroplasty. Conclusion: Despite limitations inher-
ent in database studies, this data may have utility for surgeons
in pre-operative counseling of patients on their risk.
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Introduction

It has been reported that both primary and revision shoulder
arthroplasties have become increasingly common proce-
dures in the USA, growing by over 300% in the past 20 years
[1, 17]. The growth rate of revision shoulder arthroplasty
(14%) from 1993 to 2007 is higher than that of total shoulder
arthroplasty (9.4%) and shoulder hemiarthroplasty (5.6%)
[6]. Revision surgery has been reported to comprise up to
15% of all total shoulder arthroplasties performed [7].

A number of retrospective case series have reported on
complication rates of shoulder arthroplasty. Complications
include infection, peri-prosthetic fracture, component loos-
ening, rotator cuff pathology, and shoulder instability [5, 8,
11, 12, 16, 18, 22]. A recent systematic review reports a
decrease in overall complications between 2006 and 2015
when compared with 1996 to 2005 [3]. However, the con-
founding effects of small sample size in each individual
study, regional bias, and reporting bias pose challenges in
any such study that estimates the incidence of complications
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requiring reoperation for a given procedure [15, 20]. Such
effects are particularly pronounced when the rate of revision
shoulder arthroplasty is relatively low. To address this issue,
large samples from diverse geographic regions, as can be
obtained in database studies, may be used to reduce bias.

The purpose of this study was to investigate the incidence
of and demographic trends in revision shoulder arthroplasty
over time, as well as to determine the risk factors associated
with these procedures. We wished to elucidate these issues so
as to better inform orthopedic surgeons’ counseling of patients
pre-operatively about risks and expectations regarding prima-
ry shoulder arthroplasty. Based on our clinical experience, we
hypothesized that patients with comorbidities such as
smoking, diabetes, and chronic renal failure would be more
likely to undergo revision shoulder arthroplasty.

Methods

The billing codes of patients undergoing revision shoulder
arthroplasty were searched using the PearlDiver patient record
database (PearlDiver, Colorado Springs, CO, USA), a national
insurance database of the Humana Group that from the years
2013 to 2016 contained 11million patient records. Additionally,
for the purposes of determining the dates of primary
arthroplasties or prior revisions, records for these patients were
available beginning in 2007. We were unable to distinguish
between anatomic versus reverse total shoulder arthroplasty,
as they do not have distinct Current Procedural Terminology
(CPT®) codes. Patients under 40 years old were excluded
becausewe suspect that patients undergoing arthroplasty at such
a young age may be inherently different from the older popu-
lation that typically undergoes shoulder arthroplasty. The CPT
codes (23473 and 23474) and International Classification of
Diseases, Ninth Revision (ICD-9) codes (P-81.97) for revision
shoulder arthroplasty were searched. The type of procedure
performed, date, and gender were identified for each patient.

To assess rates of each complication, ICD-9 and ICD-10
codes were queried for surgical site infection, stiffness, disloca-
tion, nerve injury, acute kidney injury, cardiac arrest, deep vein
thrombosis, pneumonia, pulmonary embolism, urinary tract
infection, dehiscence, hematoma, and transfusion (Table 1).
Risk factors examined included smoking status at the time of
revision, depression, gender, renal failure, age, overweight sta-
tus, and diabetes. The Charlson Comorbidity Index (CCI) was
calculated for all patients [4], and this was also investigated as a
risk factor for revision shoulder arthroplasty. Additionally, for
patients who had revision shoulder arthroplasty between 2013
and 2016, the database was searched for any prior shoulder
arthroplasties for those patients, in order to determine the time
between index procedure and revision. The incidence of these
diagnoses within 90 days of the revision shoulder arthroplasty
was determined.

Statistical Analysis

The odds ratio (OR) was calculated for each risk factor by
dividing the odds of undergoing a revision with a risk factor
by the odds of undergoing a revision without the risk factor.

Multivariate logistic regression was performed to test the sig-
nificance of risk factors within the PearlDiver program. The R
open source statistical software was used with the PearlDiver
program, and p < 0.05 was considered statistically significant.

Results

A total of 824 patients undergoing revision shoulder arthroplasty
were identified within the 4-year period from 2013 to 2016. The
incidence of revision shoulder arthroplasties in that period did not
increase with time (Fig. 1). Female patients accounted for 55.5%
of the revisions. The ages of the patients undergoing revision
arthroplasty are shown in Fig. 2. Eighty-seven patients (10.5%)
had infections prior to revision and 133 patients (16.1%) had
dislocations prior to revision. Of the revisions queried, 52%
occurred within 180 days of the index shoulder arthroplasty,
91% occurred within 3 years, and all revisions occurred within
7 years (Fig. 3). Of the risk factors examined, smoking was
associated with the highest odds ratio (8.1) for revision. Addi-
tionally, depression, CCI, male gender, renal failure, and diabetes
were significant risks factors for revision, with ORs of 6.3, 4.7,
4.4, 2.4, and 1.9, respectively (Table 2). Older age and over-
weight were not found to correlate with increased risk of under-
going revision shoulder arthroplasty.

Of patients undergoing revision shoulder arthroplasty,
8.8% were readmitted to the hospital within 30 days of sur-
gery, and 15.8% within 90 days. The most common compli-
cation within 90 days of revision shoulder arthroplasty was
surgical site infection, affecting 10.9% of patients. Dislocation
was found in 5.7% of patients, and stiffness was found in 4.6%
of patients. In terms of medical complications, 6% of patients
had a urinary tract infection, 3.2% had acute kidney injury, and
3.4% had pneumonia within 90 days of surgery (Table 3).
Queries for nerve injury, cardiac arrest, thromboembolic
events, and wound dehiscence did not return a sufficient
number of patients; any queries resulting in fewer than 11
patients have results concealed to protect patient privacy.

In the time period studied, 12,232 patients underwent
primary shoulder arthroplasty and 89 patients underwent more
than one revision shoulder arthroplasty. The two risk factors
that were predictive of a second revision were renal failure
(OR 3.66, p < 0.001) and smoking (OR 3.90, p < 0.001). CCI,
diabetes, depression, age, gender, and overweight status were
not associated with risk of second revision.

Discussion

We examined 824 cases of revision shoulder arthroplasty
performed over a 4-year period and found that patients who
were male or had comorbidities of smoking, renal failure,
depression, diabetes, or overall higher CCI were at increased
risk of revision shoulder arthroplasty. The most common
complication following revision arthroplasty was surgical
site infection. It should be noted that while 55.5% of revi-
sions were in female patients, male gender was still found to
be a risk factor due to the higher number of female patients
undergoing primary shoulder arthroplasty.
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This study is not without limitations. The use of a data-
base of millions of orthopedic patients confers a level of
statistical power to this study that simply cannot be achieved
in conventional chart review studies [21]. Still, there are
obvious limitations to this study inherent in the study design.
Although the study included a search of over 11 million
records across the USA, our results did not necessarily
provide a representative sample of the US population. The
patients included were insured by private insurers, indicating
a cohort that may have better access to care than the popu-
lation as a whole [9]. In addition, patient-specific informa-
tion, operative report details, post-operative rehabilitation
protocols, and outcomes data were unavailable. Thus, we

were unable to determine whether a specific problem such as
infection or dislocation directly contributed to the decision
for revision. Also, data regarding regional differences in
potential confounding factors such as body mass index and
smoking habits was not available (it was determined wheth-
er patients were smokers but not how often and for how long
they had smoked), and as with any database search using
billing codes, the results are subject to error introduced by
improper coding [13].

With regard to the complication rates, it is difficult to
assess the rate of complications not requiring operative
intervention, as more common issues such as stiffness may
have simply been observed and not entered into the

Table 1 International Classification of Diseases, Ninth and Tenth Revisions (ICD-9 and ICD-10) codes searched for complications associated
with revision shoulder arthroplasty

Complication ICD codes

Surgical site infection ICD-9: 73001, 73011, 73021, 73091, 73081, 99666, 99667,
99851, 99859; ICD-10: K6811, M86119, M86219, M86619,
M869, M90819, T814XXA, T8450XA, T8460XA, T847XXA

Stiffness ICD-9: 71950, 71951; ICD-10: M2560, M25619
Dislocation ICD-9: 71821, 71831, 83100, 83109; ICD-10: M24419,

M24319, S43006A, S43086A
Nerve injury ICD-9: 3449, 34440, 34441, 34442, 7814, 907, 9550, 9551,

9552, 9553, 9554, 9555, 9556, 9557, 9558, 9559,
ICD-10: S4400XA, S4410XA, S4420XA, S4430XA,
S4440XA, S4450XA, S5400XA, S5410XA, S5420XA,
S5430XA, S6400XA, S6410XA, S6420XA, S6430XA,
S6440XA, S448X9A, S4490XA

Acute kidney injury ICD-9: 5845, 5846, 5847, 5848, 5849, ICD-10: N170,
N171, 172, 178, 179

Cardiac arrest ICD-9: 4275, 42741; ICD-10: I469, I4901
Deep vein thrombosis ICD-9: 4532, 4533, 4534, 45382, 45384, 45385, 45386; ICD-10:

I82220, I82221, I823, I82629, I82A19, I82B19, I82C19
Pneumonia ICD-9: 4800, 4809, 481, 4820, 4821, 48230, 48231, 48232,

48239, 48240, 48241, 48242, 48249, 48281, 48282, 48283,
48284, 48289, 4829, 4830, 4831, 4838, 4841, 4843, 4845,
4846, 4847, 4848, 485, 486; ICD-10: A221, A3791, A481,
B250, B440, J120, J121, J122, J1281, J1289, J129, J13,
J181, J150, J151, J14, J154, J153, J1520, J15211, J15212,
J1529, J154, J155, J156, J157, J158, J159, J160, J168, J17,
J180, J189, J399

Pulmonary embolism ICD-9: 4151; ICD-10: I2690, II2699, T800XXA, T81718A,
T8172XA, T82817A, T82818A

Urinary tract infection ICD-9: 5990; ICD-10: N390
Dehiscence ICD-9: 99830,99831, 99832, 99833
Hematoma ICD-9: 99811, 99812, 99813; ICD-10: T8130XA,

T8131XA, T8132XA, T8133XA
Transfusion ICD-9: 9904; ICD-10: 30233N1, 30233P1, 30243N1,

30243P1, 30253N1, 30253P1, 30263N1, 30263P1

Fig. 1. Incidence of revision shoulder arthroplasty by year from 2013
to 2016 in private insurance database.

Fig. 2. Distribution of revision shoulder arthroplasty procedures by
age for 824 patients in private insurance database from 2013 to 2016.
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database. Furthermore, laterality is not known for patients
with an ICD-9 code. Thus, we are unable to ascertain that a
revision procedure definitively corresponds to the primary
procedure during the study period. Also, for patients who
underwent more than one revision, we cannot determine
with certainty whether they underwent bilateral revisions
or serial revisions in the same shoulder. Unfortunately, while
we are able to ascertain the total number of shoulder
arthroplasty procedures in the study period, as well as the
total number of revision procedures, we are unable to cal-
culate the revision rate because the primary procedures for
which the revisions are reported were not necessarily in the
time period of the study and vice versa. Likewise, we are
unable to determine with certainty whether medical diagno-
ses such as urinary tract infection and pneumonia were
related to the revision arthroplasty procedure. Additionally,
because this database has data starting in 2007, information
was not available regarding the timing of primary shoulder
arthroplasties in all of the patients. Thus, if the primary
arthroplasty occurred prior to 2007 or while the patient
was covered by another insurance plan, we were unable to
determine the duration of time from primary arthroplasty to
revision.

Recently, Boddapati and colleagues employed the Amer-
ican College of Surgeons National Surgical Quality Im-
provement Program (NSQIP) database to examine the
differences in complication rate between 10,371 primary
and 496 revision total shoulder arthroplasties [2]. They
reported an overall complication rate of 6.5% in primary
arthroplasty and 10.7% in revision cases. Furthermore, they
reported that age over 75 years, female gender, diabetes,

chronic obstructive pulmonary disease, and American Soci-
ety of Anesthesiologists classification of 3 or higher were
associated with increased risk of any complication; smoking
was associated with increased risk of wound complications.
We found that diabetes was a risk factor for revisions, as was
male gender. While Boddapati found a higher complication
rate in females, these complications may not have led to
revisions.

Schwartz et al. examined the National Hospital Dis-
charge Database from 2001 to 2010 and found 1297 patients
who had undergone primary total shoulder arthroplasties and
184 who had undergone revision total shoulder
arthroplasties, as well as significantly increasing rates of
both procedures over time [17]. Unlike our study, theirs
found no differences due to gender but did find that patients
undergoing primary procedures were older. Some of these
differences may be attributable to the time period queried.
Additionally, in recent years, more outpatient shoulder
arthroplasties have been performed in carefully selected
patients, which may not be captured in hospital discharge
data. Matsen et al. analyzed data from the New York State-
wide Planning and Research Cooperative System database
on 457 cases of revision surgery among 17,311 index shoul-
der arthroplasties and found younger age groups and His-
panic populations to have the highest hazard ratios for
revision surgery [10]. Our study found younger patients to
have significantly reduced rates of revision, while older
populations had the highest rates. This difference may be
due to the present study’s exclusion of patients under age 40.
Matsen et al. found that trauma, osteoarthritis, and inflam-
matory arthritis were the diagnoses with the greatest hazard
ratios (3.16, 1.61, 1.60, respectively) for revision surgery
[10], while our study found infection to be the diagnosis
most associated with revision surgery. Geographic variabil-
ity may be a key factor in differences in reported data. The
rate of infection after primary or revision shoulder
arthroplasty has not changed from 2002 to 2011, but more
procedures are being performed and there is consequently a
higher number of patients with infected arthroplasty,
resulting in a greater economic burden attributed to infection
overall [14]. Our finding of infection as the diagnosis most
commonly associated with revision shoulder arthroplasty
may further support this notion. Specific to explanted re-
verse total shoulder arthroplasties, a series of 50 retrieved
implants had an average term of implantation of 20 months,
with a range of 0 to 81 months [19], which is consistent with
our study results.

Overall, we found that 70.4% of revision shoulder
arthroplasties occurred within the first year following the
index procedure, 84.8% by the second year, and 90.9% by
the third year. With the limitations of the database in mind,
this data suggests that there may be little use in following
revision arthroplasty patients past 7 years post-operatively,
given the small number of revisions occurring after 5 years.

In conclusion, despite the limitations inherent in most
database studies [13], there is important information to be
gleaned from our study. Overall, the incidence of revision
shoulder arthroplasty in the patient population studied was
relatively low. We found that patients who were male or had

Fig. 3. Time between primary arthroplasty and revision arthroplasty
procedures. Eighty-five percent of revisions were performed by 2 years
post-operatively, and all revisions in this database were performed by
7 years post-operatively.

Table 2 Calculated odds ratios of various risk factors for revision total
shoulder arthroplasty

Risk factor Odds ratio p value

Smoking 8.1 < 0.001
Depression 6.3 < 0.001
Charlson Comorbidity Index 4.7 < 0.001
Male gender 4.4 < 0.001
Renal failure 2.4 0.01
Diabetes 2.0 0.05
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comorbidities of smoking, renal failure, depression, diabe-
tes, or overall higher CCI were at increased risk of revision
shoulder arthroplasty, and that surgical site infection was the
most common complication following revision. Additional-
ly, renal failure and smoking were risk factors for more than
one revision. The information gleaned from this study may
be useful in counseling patients on the likelihood they might
require revision shoulder arthroplasty. These data may also
be applied as a benchmark for the evaluation of newly
adopted practices and technologies. Future studies are war-
ranted to further study risk factors for multiply revised
shoulder arthroplasties.
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