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Abstract

Purpose of Review Periprosthetic infection is a relatively rare but potentially devastating complication after shoulder
arthroplasty. The purpose of this article is to review the incidence, diagnosis, prevention, and management of periprosthetic
infections after reverse shoulder arthroplasty, with a focus on literature published within the last 5 years.

Recent Findings The 2018 International Consensus Meeting on Musculoskeletal Infection provides us with a framework for the
diagnosis and management of periprosthetic infections after shoulder arthroplasty. Reverse shoulder arthroplasty has a higher
reported rate of infection compared with anatomic total shoulder arthroplasty. Our current diagnostic tests do not appear to be as
sensitive when compared with the hip and knee literature. Similar success has been reported with single and two-stage revision
protocols, although prospective comparative data are lacking. The significance of unexpected positive cultures during revision
arthroplasty remains unclear.

Summary We report current diagnostic and therapeutic options for periprosthetic infection after reverse shoulder arthroplasty.
Much of'the current literature does not distinguish between anatomic and reverse shoulder arthroplasty. Further high-level studies
are warranted to refine these definitions and guide management.

Keywords Reverse shoulder arthroplasty - Prosthetic joint infection - Periprosthetic infection - Shoulder infection

Introduction

Reverse shoulder arthroplasty (RSA) is becoming an increas-
ingly common procedure with expanding indications [1]. The
incidence of periprosthetic infection after primary RSA most
commonly ranges from 3 to 4% in the literature, although rates
as low as 0.5% and as high as 6.7% have been reported [2-9].
According to a 2018 study of 4063 complications after
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shoulder arthroplasty reported to the FDA, infection after
RSA comprised 13.8% of all RSA complications, with
instability/dislocation being the most common complication
reported at 32% [10].

Although there are well-established guidelines for manage-
ment of infections after hip and knee arthroplasty, the diagno-
sis and management of periprosthetic infections of the shoul-
der remain less well defined. This review will focus on the
definition, risk factors, diagnosis, prevention, and manage-
ment of periprosthetic infections of the shoulder, with an em-
phasis on reverse shoulder arthroplasty literature published
within the last 5 years.

Definition

In 2011, the Musculoskeletal Infection Society (MSIS)
established a set of criteria for the diagnosis of periprosthetic
infections of the hip and knee [11]. These criteria were up-
dated in 2013 and 2018 and have largely been accepted across
the orthopedic community [12, 13]. However, because
periprosthetic infections of the shoulder are frequently caused

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s12178-020-09670-8&domain=pdf
mailto:Gregory.Cvetanovich@osumc.edu

758

Curr Rev Musculoskelet Med (2020) 13:757-768

by less virulent organisms, in particular Cutibacterium acnes,
there is concern that the criteria used for hip and knee infec-
tions may not directly translate to infections of the shoulder.
Furthermore, C. acnes colonizes the skin of the shoulder and
is frequently identified in cultures even at the time of primary
shoulder surgery, which further complicates definition of
shoulder prosthetic joint infection (PJI) [14, 15¢¢]. Therefore,
the International Consensus Meeting (ICM) on
Musculoskeletal Infection in 2018 established new guidelines
specifically geared towards the diagnosis and management of
periprosthetic infections of the shoulder [16°¢].

The 2018 ICM divided periprosthetic shoulder infection
into four categories: definite infection, probable infection,
possible infection, and unlikely infection. A definite infection
is defined by the presence of one or more of the following
criteria: (1) presence of a sinus tract from the skin surface to
the prosthesis, (2) gross intra-articular pus, or (3) two positive
tissue cultures with phenotypically identical virulent organ-
isms, such as Staphylococcus aureus. This is in contrast to
low-virulence organisms, which includes C. acnes and
coagulase-negative Staphylococcus species. In addition to
these definite criteria, the ICM also established a set of minor
criteria for the definition of shoulder PJI (Table 1). A probable
infection is defined as the presence of 6 or more minor criteria
with an identified organism. A possible infection is defined as
the one of the following: (1) presence of 6 or more minor
criteria without an identified organism, (2) fewer than 6 minor
criteria with a single positive culture with a virulent organism,
or (3) fewer than 6 minor criteria with 2 positive cultures with
a low-virulence organism. An unlikely infection is defined as
the presence of fewer than 6 minor criteria with negative cul-
tures or only a single positive culture with a low-virulence
organism. These definitions are summarized in Table 2.

In summary, the 2018 ICM guidelines provide a definition
specifically for periprosthetic infections of the shoulder [16e].

A standardized definition serves as a useful tool to aid in
clinical decision making as well as allows for more consistent
reporting in the literature. As these definitions are based on a
consensus derived frequently from low-quality evidence and
expert opinion, further studies are warranted to establish the
validity of the criteria in diagnosing shoulder PJI. Advances in
diagnosis should also lead to better ability to define and diag-
nose definite infections with low virulence organisms such as
C. acnes.

Risk Factors
Patient Factors

Multiple studies have reported male gender as a significant
risk factor for infection after shoulder arthroplasty, with odds
ratios ranging from 1.5 to 3.5 times compared with their fe-
male counterparts [4, 7, 17-19]. The exact cause is likely
multifactorial, but it has been shown that men have a higher
burden of C. acnes at various sites around the shoulder which
likely contributes to the risk of infection [20]. Younger pa-
tients have also been shown to be at higher risk of shoulder PJI
[4,7,9,17,18].

Overall, the majority of studies currently have shown no
correlation between the presence of diabetes and shoulder PJI
[4,7,21,22]. One retrospective database study of 18,729 TSA
and RSA patients did find an increased risk of wound com-
plications (OR 1.2) and deep infection (OR 1.47) in patients
with a hemoglobin Alc > 8 mg/dL [23].

In terms of BMI, the current studies have shown mixed
results. A large retrospective review by Richards et al. and
meta-analysis by Kunutsor et al. reported no association be-
tween BMI and shoulder PJI [4, 7]. Wagner et al. reported a
slightly higher rate of superficial infection, but no increased

Table 1 Minor criteria for

shoulder PJT (Garrigues et al. Criteria

Weight

2019 [16°])
Unexpected wound drainage

Single positive tissue culture with a virulent organism
Single positive tissue culture with a low-virulent organism

Second positive tissue culture (identical low-virulence organism)

Humeral loosening

Positive frozen section (5 neutrophils in > 5 high-power fields)

Positive pre-operative aspirate culture

Synovial neutrophil percentage > 80%

Synovial white blood cell count >3000 cells/uL beyond 6 weeks from surgery

ESR > 30 mm/h

CRP> 10 mg/L

Elevated synovial alpha-defensin
Cloudy synovial fluid

N NN DN W W W W — W h
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Table 2 Definition of shoulder

PJI (Garrigues et al. 2019 [16+°]) Definition

Category

Definite
infection

Probable
infection

Possible
infection

Presence of a sinus tract from the skin surface to the prosthesis ORGross intra-articular pus
ORTwo positive tissue cultures with identical virulent organisms

Presence of >6 minor criteria with an identified organism

Presence of >6 minor criteria without an identified organism OR< 6 minor criteria with one
culture with a virulent organism OR< 6 minor criteria with 2 positive cultures with a

low-virulence organism

Unlikely
infection

< 6 minor criteria with negative cultures OR< 6 minor criteria with 1 positive culture with a
low-virulence organism

incidence of deep infection [24]. On the other hand, in a sys-
tematic review of upper limb arthroplasty, Theodoulou et al.
reported an increased risk with increasing BMI, with an odds
ratio of 2.37 in BMI> 30 kg/m* and 5.04 in BMI > 40 kg/m?
[25]. Werner et al. reported similar results in their retrospec-
tive review, showing an incremental increase of shoulder PJI
with increasing BMI, with an odds ratio of 3.4 in patients with
BMI > 50 kg/m? [26].

Smoking has also been shown to be a risk factor for shoul-
der PJI. Hatta et al. showed an increased risk of infection in
both current (OR 7.3) and former (OR 4.6) smokers [27].

Other medical conditions that have been associated with an
increased risk of periprosthetic infection after shoulder
arthroplasty include patients with hepatitis C, HIV,
Parkinson’s disease, and those on hemodialysis [28-31].
Patients with a history of solid organ transplant on immuno-
suppression have not been shown to be at increased risk for
shoulder PJI [32].

Treatment Factors

In terms of treatment, there are multiple risk factors that have
been associated with shoulder PJI. In a large retrospective
study, Florschutz et al. showed a significantly increased risk
of shoulder PJI in patients with a history of prior non-
arthroplasty shoulder surgery, with a relative risk of 4.8 [33].
A history of recent steroid injection has also been shown to be
a risk factor for shoulder PJI. Werner et al. showed that pa-
tients who received an ipsilateral shoulder steroid injection
within 3 months prior to their arthroplasty had a 2 times in-
creased risk of infection compared with those without a histo-
ry of injection. They found no increased risk of infection in
patients that received an injection 3—12 months prior to
arthroplasty [34].

Compared with anatomic total shoulder arthroplasty
(TSA), RSA has been shown to carry a higher risk of PJI, with
odds ratios ranging from 2 to 6 times in the most recent liter-
ature [2, 4, 7, 8]. The cause of this increased risk with RSA is
likely multifactorial. Patients who undergo RSA are typically
older, have more medical comorbidities, and have higher rates

of prior surgery [2, 33]. In addition, due to the frequent ab-
sence of a competent rotator cuff, there is an increased theo-
retical dead space with RSA, which may contribute to the risk
of hematoma formation and subsequent infection. The indica-
tion for surgery has also been shown to be a risk factor for
periprosthetic shoulder infection. Multiple studies have shown
arthroplasty for treatment of a proximal humerus fracture has a
higher risk of PJI, with 34 times greater risk compared with
other surgical indications [4, 35]. Revision shoulder
arthroplasty has also been shown to be a risk factor for PJI
[9, 19].

In terms of post-operative management, Everhart et al.
showed a dose-dependent increase in periprosthetic shoulder
infection with perioperative blood transfusion, with a relative
risk of 1.86 times per unit of packed red blood cells [19]. Grier
et al. showed similar results, with an odds ratio for infection of
2 in patients who received a perioperative blood transfusion
[36]. Post-operative therapeutic anticoagulation has also been
shown to increase the rates of wound complications and PJI in
a large retrospective study of 17,272 shoulder arthroplasty
patients [37].

Diagnosis
Microbiology

Multiple studies have reported on the pathogens isolated in
periprosthetic shoulder infection. By far the most commonly
isolated bacterium is Cutibacterium acnes (formerly known as
Propionibacterium acnes). C. acnes is an anaerobic gram-
positive rod that is a part of the normal skin flora, found
primarily in the sebaceous glands of hair follicles [14]. It is a
slow-growing bacterium, and cultures must be held for at least
14 days in an anaerobic medium in order to reliably detect the
organism [14, 15¢¢]. Although a common misconception, the
axilla does not harbor the highest concentrations of C. acnes
when it comes to shoulder surgery. Instead, the chest and back
regions actually have the highest burden of C. acnes due to a
relatively higher density of sebaceous glands in the area [38,
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39]. C. acnes is not as virulent as other bacterium that can
cause prosthetic joint infection, such as Staph aureus, and
the presentation tends to be more indolent in nature. It also
tends to form biofilms around prosthetic implants, making its
detection and eradication more difficult [14, 15¢¢]. Multiple
studies have also shown the presence of C. acnes in the deep
tissues of primary shoulder arthroplasty patients without a
history of prior surgery, complicating efforts to determine
when C. acnes exists purely as a commensurate bacterium
and when it is a pathogenic cause of infection [40-42].

The proportion of cases of shoulder PJI caused by C. acnes
varies in the literature, ranging from 28 to 79% in the most
recent reports [4, 19, 43, 44+, 45-47]. In a 2016 systematic
review by Nelson et al., the pooled data showed C. acnes was
implicated in 38.9% of all shoulder PJI, followed by Staph
aureus at 14.8% and Staph epidermidis at 14.5% [43].

Clinical Presentation

The clinical presentation of periprosthetic infection of the
shoulder is variable. Patients may present with symptoms of
acute infection, such as redness, swelling, or drainage (Fig. 1),
which can be accompanied by systemic symptoms of fevers,
chills, and even sepsis. This is more likely when the infection

Fig. 1 Left shoulder surgical site with erythema and skin changes,
concerning for infection
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is caused by a more virulent organism, such as Staph aureus.
However, a more common presentation is one of a more in-
dolent nature, with pain, stiffness, or limitations in function
possibly being the only symptoms [14, 15¢¢]. A draining sinus
tract is pathognomonic for PJI but is rarely present.

Imaging

Plain radiographs are the initial imaging modality of choice
when evaluating any painful shoulder arthroplasty. Although
non-specific for infection, radiographs show the overall align-
ment of the prosthesis and can show signs of loosening or
osteolysis [15¢¢]. In a retrospective review of 193 revision
shoulder arthroplasties, Pottinger et al. showed that the finding
of humeral osteolysis on plain X-ray was associated with a 10-
fold increased likelihood of growing C. acnes at the time of
revision (Fig. 2) [48].

In terms of advanced imaging, computed tomography (CT)
scans may be used to evaluate implant positioning, component
loosening, and remaining bone stock prior to revision surgery;
however, their ability to aid in the specific diagnosis of PJI is
limited. If component loosening from PJ1 is evident from plain
radiographs, we typically hold off on CT scan until after com-
ponent explantation and spacer placement. This allows for a
better estimation of bone stock for second stage revision due
to the reduction in metal artifact (Fig. 3e).

Fig. 2 Significant humeral osteolysis and broken glenoid screws status-
post reverse shoulder arthroplasty, concerning for infection
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Fig.3 a 62-year-old male with Hamada Grade 3 left shoulder rotator cuff
arthropathy. b Status-post reverse shoulder arthroplasty. ¢ 7-year post-op
with proximal humeral osteolysis. d Status-post explant and antibiotic

Magnetic resonance imaging (MRI) is of limited value sec-
ondary to the significant metal artifact related to the prosthe-
sis. Other imaging modalities, such as triple-phase bone scan,
positron emission tomography (PET)/CT scan, or tagged
white blood cell (WBC) combined with single-photon emis-
sion tomography (SPECT) scan, have limited sensitivity and/
or specificity and are not currently recommended in the rou-
tine workup of shoulder PJI [15¢e, 49, 50].

Serum Labs

In addition to radiographs, a basic set of labs including serum
white blood cell count (WBC) and inflammatory markers
(ESR, CRP) are a routine part of the initial workup when there
is concern for periprosthetic infection. Multiple studies have
looked at the sensitivity and specificity of several serum in-
flammatory markers and overall the results are poor [43, 45,
46]. Shields et al. conducted a systematic review of the current
diagnostic options, reporting the pooled sensitivity of serum
WBC (7%), CRP (36%), ESR (39%), and IL-6 (13%) [51].
Currently the 2018 ICM recommends obtaining serum WBC,
ESR, and CRP as a part of the initial workup [15¢¢]. Overall,
while elevated inflammatory markers may increase the suspi-
cion for infection, normal values by no means rule it out.
Furthermore, we have found that 25-30% of patients

spacer placement. e CT-scan showing glenoid bone stock remaining after
explant and antibiotic spacer placement. f Status-post re-implantation of
reverse shoulder arthroplasty after infection was cleared

undergoing primary shoulder arthroplasty for non-infectious
etiology have elevated inflammatory markers prior to surgery,
so even elevated values may frequently be nonspecific.

Synovial Fluid Analysis

Arthrocentesis and synovial fluid analysis is the standard of
care in the workup of prosthetic joint infection in the hip and
knee literature; however, its role in shoulder arthroplasty is
less clear [15¢¢]. There are multiple concerns with regard to
joint aspiration in the evaluation of shoulder PJI. First, multi-
ple authors have reported a high incidence of “dry taps” when
ordering or attempting imaging-guided arthrocentesis of a
shoulder arthroplasty, up to 44% in the available literature,
even in the setting of infection confirmed at the time of revi-
sion arthroplasty [15¢e, 52, 53]. Second, when fluid is obtain-
ed, there is concern that the sensitivity and specificity of our
currently available tests are not high enough to reliably ex-
clude an infection [54].

Regarding synovial fluid WBC, there are currently no
high-level studies that provide a threshold to diagnose shoul-
der PJI. Currently, the 2018 ICM included synovial WBC >
3000 cells/uL and synovial neutrophil percentage > 80% as
minor criteria in the diagnosis of shoulder PJI; however, these
values are largely based on the hip and knee literature [13].
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Synovial fluid alpha-defensin (Synovasure ®) is another lab
that has been widely studied. There are currently two available
alpha-defensin tests: the lab-based enzyme-linked immunosor-
bent assay (ELISA) test and the stand-alone alpha-defensin lat-
eral flow test (ALDF). In a retrospective study of 105 patients
with painful shoulder arthroplasty, Unter et al. demonstrated a
sensitivity of 75% and specificity of 96% in the lab-based ELISA
alpha-defensin test in diagnosing shoulder PJI [45]. Frangiamore
et al. reported similar results with a sensitivity of 63% and spec-
ificity of 95% [55]. Weigelt et al. studied the stand-alone ALDF
test, reporting a sensitivity of 60% and specificity of 83% [56].
Overall, while synovial fluid alpha-defensin does seem to have a
role in the diagnosis of shoulder PJI, the sensitivity is much lower
than the reported sensitivity of 97% in the hip and knee literature
[57], and this must be taken into consideration when working up
a possibly infected shoulder arthroplasty.

Multiple other synovial fluid biomarkers have been stud-
ied, including leukocyte esterase, 11-2, IL-6, and TNF-«.
While some have shown promise, specifically when used in
combination, additional research is needed to establish their
validity, and they are currently not a part of the routine workup
of periprosthetic infection of the shoulder [15¢, 58, 59].

Pre-revision Tissue Culture

Due to the relatively low sensitivity of our currently available
synovial fluid biomarkers, some surgeons have advocated for
obtaining a tissue sample prior to undergoing revision surgery.
Dilisio et al. studied the efficacy of pre-revision arthroscopic
tissue biopsy for diagnosing PJI in 19 patients with suspicion
for chronic PJI. They found that all patients with positive open
biopsy tissue culture at the time of revision surgery also had
positive arthroscopic cultures prior to revision with no false-
positives, yielding a 100% sensitivity and specificity. This
was in contrast to pre-operative aspiration, which only had a
16.7% sensitivity in their series [60]. Similarly, Lapner et al.
studied pre-operative capsular needle biopsy in 17 patients un-
dergoing revision arthroplasty for suspicion of infection. They
found an 80% sensitivity and 100% specificity of the capsular
needle biopsy using open surgical biopsy as their standard [61].
In all, tissue sampling prior to revision surgery does likely have
arole as an adjunct in the workup of PJI in the painful shoulder
arthroplasty for select cases where other testing is unrevealing
and components are not clearly radiographically loose.

Intra-operative Evaluation

Intra-operative open biopsy with culture remains the gold
standard for the diagnosis of shoulder PJI. The 2018 ICM
recommends obtaining 5 deep tissue specimens from various
surgical sites such as the capsule, humeral canal, and
periprosthetic membranes. All cultures should be held for at
least 14 days and prepared in aerobic and anaerobic media.
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Currently, holding antibiotics prior to obtaining intra-
operative cultures is not recommended [15¢].

In addition to tissue culture, other techniques for diagnos-
ing PJI intra-operatively have been studied. Intra-operative
frozen section has been widely studied in the diagnosis of
PJI in the hip and knee literature, with the presence of greater
than 5 neutrophils per high power field in 5 high power fields
included as a minor criterion in the diagnosis [12]. Grosso
et al. studied the efficacy of frozen section in diagnosing
shoulder PJI. They found that using the guidelines of 5 neu-
trophils per high powered field in 5 high power fields yielded
a sensitivity of 50% in the diagnosis of C. acnes infection.
Using an optimized receiver operating curve, they found that
using a guideline of 10 neutrophils total in 5 high power fields
improved the sensitivity to 72% without sacrificing specificity
[62]. We recommend obtaining frozen section at the time of
revision surgery as an adjunct in the diagnosis of shoulder PJT;
however, it requires an experienced pathologist and a negative
result does not rule out infection.

Implant sonication is another adjunct test that has been
studied in shoulder PJI. This process involves using
ultrasonication via the application of sound waves to the
explanted hardware in a liquid media, which has been shown
to disrupt biofilms that may be present on the implants and
allow for culture and quantification [63, 64]. The current lit-
erature does not support the use of routine implant sonication
due to the low sensitivity as well as the lack of established
diagnostic cutoffs for the quantification of bacteria in the ob-
tained samples [15¢¢, 65-67].

Prevention
Topical Treatments

A variety of topical regimens aimed at decreasing the cutaneous
bacterial load pre-operatively have been studied. Both 3% hy-
drogen peroxide and 5% benzoyl peroxide applied topically
have been shown to decrease the C. acnes bacterial burden on
the skin surface without significant adverse reactions in multi-
ple recent studies [38, 68—70, 71e, 72]. Chlorhexidine, on the
other hand, has been shown to decrease overall bacterial load
but without significant decrease in C. acnes burden after topical
application [73]. Although the 2018 ICM does not recommend
for or against topical skin treatments, they may provide a low-
cost, low-risk adjunct in the prevention of shoulder PJI [74ee].

Antibiotics

Cefazolin is currently the perioperative antibiotic of choice in
shoulder arthroplasty in patients without a severe beta-lactam
allergy. Two grams of IV cefazolin (3 g if patient weight >
120 kg) should be given 30-60 min prior to incision.
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Currently, the 2018 ICM states post-operative antibiotics are
not required, but if given, should not be continued beyond
24 h post-operatively [74¢¢]. For patients with a severe allergy
to beta-lactams, vancomycin is the antibiotic of choice. The use
of vancomycin requires a coordinated effort to start an infusion
of 15 mg/kg (max 2 g) 2 h prior to skin incision [74¢°]. Yian
et al. recently compared the efficacy of vancomycin and
clindamycin versus cefazolin in a retrospective review of
7140 shoulder arthroplasties. They found no difference in the
rate of infection between patients who received cefazolin and
vancomyecin, but a 3.5 times increased risk of infection in those
that received clindamycin alone [44]. In addition, Wyles et al.
showed a 32% lower risk of hip and knee PJI in those who
received cefazolin compared with an alternative antibiotic
[75]. Lastly, Rao et al. found no difference in rates of shoulder
PJI when peri-operative doxycycline was administered in addi-
tion to cefazolin [76]. At our institution, the protocol is peri-
operative vancomycin and aztreonam in patients with a severe
beta-lactam allergy. For patients with a known history of
MRSA infection or colonization, the 2018 ICM recommends
vancomycin and cefazolin [74e¢].

Intra-operative Prophylaxis

There is significant interest in the use of intra-operative ad-
juncts, such as diluted povidone-iodine solution or vancomycin
powder, in the prevention of PJI. To our knowledge, there is no
currently available literature showing efficacy in shoulder
arthroplasty; however, these agents have been studied in other
areas of orthopedics. lorio et al. recently retrospectively studied
the effects of a “vanco-povidone protocol” in which high-risk
patients undergoing total hip or total knee arthroplasty received
a diluted povidone-iodine lavage following implantation and
2 g of vancomycin powder in the wound during closure. They
found a 27.8% reduction in PJI in patients who received their
povidone-iodine/vancomycin powder protocol without medical
complications or increase in vancomycin-resistant organisms
[77]. Vancomycin powder has also been shown to reduce sur-
gical site infection in the spine literature [78]. Hatch et al. con-
ducted a cost analysis of vancomycin powder in the prevention
of shoulder PJI, showing the need for only a 0.04% reduction in
absolute risk of PJI to be cost effective [79]. The 2018 ICM
concluded that there may be a role for povidone-iodine and
vancomycin powder in the prevention of shoulder PJI; howev-
er, further shoulder-specific studies are warranted [74e].

Management
Surgical Options

Once periprosthetic infection after shoulder arthroplasty has
been diagnosed, there are a variety of surgical treatment

methods that have been studied, including irrigation and de-
bridement (I&D) with or without modular component ex-
change, one-stage revision, two-stage revision, and permanent
treatment with an antibiotic spacer.

The current indications for I&D with component retention
are unknown, and there is a paucity of shoulder-specific liter-
ature to guide decision-making. Dennison et al. reported a
case series of 10 shoulder arthroplasties with either acute in-
fection (defined as occurring within 6 weeks of the index
procedure) or delayed acute hematogenous infection (defined
as more than 6 weeks after the index surgery but with less than
3 weeks of symptoms). Three patients underwent arthroscopic
1&D and 7 underwent open 1&D. No patients had exchange of
the polyethylene components. They reported a success rate of
70% with 30% recurrence of infection [80]. The 2018 ICM
currently concluded that there is not enough evidence to sup-
port or discourage the use of I&D with implant retention for
acute or chronic shoulder PJI, but it may play a role in select
patients [81ee].

There have been multiple retrospective studies looking at
the efficacy of one-stage and two-stage revision arthroplasty
in the treatment of shoulder PJ1[43, 47, 82—88]. A 2020 meta-
analysis by Aim et al. showed pooled reinfection rates of 7%
in 1-stage revisions and 21% in 2-stage revisions. They also
reported a pooled complication rate of 17% in 1-stage revi-
sions and 33% in 2-stage revisions [82]. The 2018 ICM re-
ported similar results in their pooled analysis of the literature
and concluded that the current literature demonstrates that 1-
stage revision may be superior to 2-stage revision with lower
re-infection and complication rates. However, there is likely
selection bias in the currently available data and there are no
high-level studies directly comparing the two treatments
[81ee].

Definitive treatment with an antibiotic spacer is another
viable treatment option in select patients. Pellegrini et al. re-
ported a case series of 19 shoulder PJI that were definitively
treated with an antibiotic cement spacer. They reported no
recurrent infections with good pain relief and improvement
in outcome scores but shoulder range of motion remained
poor. They concluded that a definitive antibiotic spacer is a
good option for low-demand, elderly individuals who do not
wish to or are not otherwise able to undergo another operation
(Fig. 4) [89]. However, antibiotic spacers are not without com-
plication. McFarland et al. retrospectively studied 60 antibiot-
ic spacers used for the treatment of PJI as a part of a 2-stage
revision protocol. They reported 18 complications in 14 pa-
tients including glenoid erosion, humeral shaft erosion, frac-
ture or rotation of the spacer, and humerus fractures [90].

Antibiotic Treatment

The 2018 ICM recommends prolonged antibiotic treatment in
conjunction with surgical management of shoulder PJI,
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Fig. 4 a RSA with significant
glenoid osteolysis. b 6 months
status-post explant and antibiotic
spacer placement with poor
remaining glenoid bone stock and
subluxation. Despite this, patient
was pain-free with functional
range of motion without signs of
infection and did not desire
further surgery

including 1&D with component retention, 1-stage, and 2-stage
revision procedures; however, there is no specific guidance on
the optimal antibiotic, route of administration, or duration of
treatment. There may be a difference in optimal treatment
based on the surgical procedure performed, the virulence of
the infecting organism, and the chronicity of infection, but
there is minimal current literature to guide any specific proto-
cols. They recommend individualized treatment with culture-
specific antibiotics in addition to consultation with local infec-
tious disease specialists. There also may be a role for chronic
suppressive antibiotic therapy in select patients that have re-
tention of components or have failed previous curative at-
tempts [81ee].

Unexpected Positive Cultures

Unexpected positive cultures (UPC) at the time apparent asep-
tic revision arthroplasty pose a unique challenge without clear
guidelines in the literature. Hsu et al. retrospectively studied
55 revision arthroplasties without signs of infection and com-
pared outcomes between those who had > 2 unexpected pos-
itive cultures with C. acnes and those with 0 or 1 positive
culture. All patients were treated with antibiotics for 3 weeks
until cultures were finalized and patients with >2 positive
cultures received 6 months total of antibiotics. They reported
a 49% rate of UPCs, with a significantly higher rate in males
compared with females, with no difference in pain or func-
tional outcome between those with >2 UPCs and those with-
out [91].

The 2018 ICM concludes there is insufficient literature to
guide the optimal treatment for UPCs, with options including
antibiotics, re-operation, and no additional treatment. They
do, however, state that post-operative antibiotics beyond
24 h after revision arthroplasty with UPCs with an indolent
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organism do not appear to reduce the risk of subsequent in-
fection [81¢°]. Overall, further studies are warranted to deter-
mine the significance and optimal management of unex-
plained positive cultures at the time of revision arthroplasty.

Author’s Preferred Treatment

When evaluating the painful reverse shoulder arthroplasty, we
begin with a complete history, assessment of comorbidities
that may be associated with infection, physical examination,
and radiographs. Records are reviewed including details of
prior surgeries, operative reports, and postoperative course
for anything raising suspicion of infection. Patients with acute
PJI may have more obvious symptoms including pain, erythe-
ma, drainage, and fever, and we evaluate such patients with
ESR, CRP, CBC, and ultrasound-guided aspiration of the
shoulder sent for cell count with differential and cultures,
holding the anaerobic medium for 14 days.

Patients with indolent PJI due to C. acnes or other similar
organisms do not typically have such acute symptoms and
instead present later after surgery with more subtle symptoms
as previously discussed. In these cases, we also obtain ESR,
CRP, CBC, and aspiration. As has been discussed, these tests
are often normal or nearly normal due to the poor sensitivity
and specificity in this scenario. In a patient with normal labs,
no lucency on radiographs, and a negative or dry aspiration,
we typically will rule out other causes of pain such as acromial
stress reaction or fracture, and recommend repeat evaluation at
an appropriate interval. This allows for detection of progres-
sive lucency/loosening on X-ray, which raises the suspicion
for PJI, as this can develop over time with C. acnes.
Arthroscopic or open biopsy can be considered as a last resort
for well-fixed implants with other testing unrevealing for
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infection. We use this infrequently for the painful RSA.
Additional laboratory and synovial fluid tests are not routinely
used in our evaluation, although they are important areas of
ongoing research.

For patients with acute PJI suspected or confirmed, we
proceed to surgery urgently for an 1&D. We will exchange
modular components and short stemmed humeral components
to remove as much bacterial load and biofilm as possible. Full
revision of the glenoid baseplate or long-stemmed humeral
components can be considered but must be balanced against
morbidity of extraction and difficulty with revision fixation.

For the painful RSA proceeding to surgery for revision, we
always maintain suspicion for infection since preoperative
testing has limited sensitivity. Pre-incision antibiotics are not
held in our practice. During surgery, we carefully assess sy-
novial fluid and membrane formation, component loosening,
and send multiple frozen sections. Gross purulence or a sinus
tract is certainly pathognomonic for PJI but rarely is present.
Components are explanted, and a complete I&D is performed
while obtaining five deep tissue cultures from multiple loca-
tions including interfaces of the prosthesis and bone with
membrane. If intraoperative assessment and frozen section
are not concerning for infection, we proceed with single-
stage revision of both components. If there is concern for
infection, our preference is to place an antibiotic spacer with
vancomycin and tobramycin, consult infectious disease for
postoperative antibiotics, and plan for a two-stage revision
(Fig. 3d). The second stage typically occurs after an antibiotic
holiday and repeat laboratory work, at around 3 months from
the first stage (Fig. 3f). In some cases the glenoid bone stock
as determined by radiographs and CT scan may not support a
revision reverse baseplate, and we will consider definitive
treatment with retention of the antibiotic spacer (Fig. 4).

Patients who undergo revision of RSA in which there is
low concern for infection may have unexpected positive cul-
tures identified, while the cultures incubate for 14 days fol-
lowing surgery. There is controversy regarding significance
and management of these as has been previously mentioned,
and we discuss these cases with the patient and infectious
disease team to generate a plan in each case. Typically if there
is one positive culture out of five, we will simply observe the
patient. If there are two or more positive cultures, we will not
recommend further surgery as they already had a full one-
stage revision. But in these cases, typically infectious disease
will treat the patient with an antibiotic course intravenously
and with discussion of further oral suppression thereafter.

Conclusion

Periprosthetic infection after reverse shoulder arthroplasty is a
relatively rare complication with a variety of risk factors. The
2018 International Consensus Meeting on Musculoskeletal

Infection provides a general framework for the diagnosis and
management of shoulder PJI. There are many questions that
remain unanswered, including optimal surgical treatment, an-
tibiotic duration, and route of administration, as well as the
significance of unexpected positive cultures. Further high-lev-
el, shoulder-specific studies are warranted to elucidate the
answers to these important questions.
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