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International Consensus Meeting involve 30 questions pertaining to the management of periprosthetic
shoulder infection.
� 2019 Published by Elsevier Inc. on behalf of Journal of Shoulder and Elbow Surgery Board of
Trustees.
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Treatment for unexpected positive cultures

Question 1: What is the treatment (if any) for unex-
pected positive cultures (UPCs) in revision shoulder
arthroplasty without clinical or radiographic signs of
infection?

Recommendation:
Unknown. Few publications offer protocols for

addressing UPCs. Of these, the most common options
include antibiotics, reoperation, and withholding of any
treatment. The lack of comparative data on outcomes of
these therapy regimens makes it difficult to conclusively
determine optimal management.

Level of evidence: Limited
Delegate vote: Agree: 100%, Disagree: 0%, Abstain:

0% (Unanimous, Strongest Consensus)
Rationale:
Of the 8 studies38,45,57,62,80,108,118,149 returned from a

comprehensive literature review (Supplementary data) that
allude to treatment of UPCs, only 6 described the author’s
treatment protocol, but these do not allow definitive con-
clusions to be drawn about the effect of each
treatment type on outcomes, if any were reported (Question
1: Table I).38,45,57,62,80,149 Despite providing neither a
methodology for treatment assignment nor results that were
not in aggregate, Foruria et al45 noted that their duration of
antibiotic treatment (range, 8-700 days) was not associated
with the likelihood of a second positive culture during
follow-up. In the study of Hsu et al,62 a more standardized
treatment protocol was developed and applied to their
sample of 55 patients. However, this study was limited by
the use of a control cohort (receiving a different treatment
course) that may have had a single positive culture, thus
making it challenging to answer the question of the best
treatment for UPCs using these data. These investigators
found that 3 patients in both the culture-positive cohort
(defined as at least 2 UPCs; n ¼ 27) and the control cohort
(0 or 1 UPC; n ¼ 28) required a subsequent procedure.
None of these 3 culture-positive cohort patients who
received the extended antibiotic regimen had subsequent
positive cultures at revision, whereas 1 of 3 control cohort
patients did.62 Two studies do present these data, but they
are not robust.108,118 Few studies fully meet the defined
inclusion and exclusion criteria, and many of these reported
results in an aggregate. Only 2 studies compared different
treatment options using nonaggregated outcomes.

Padegimas et al108 compared individuals undergoing
revision shoulder arthroplasty, 28 of whom had UPCs
and 89 who did not. They noted that all patients received
the authors’ standard postoperative empirical oral antibi-
otics for 2 weeks and then continued to receive antibi-
otics for an additional 6 weeks, depending on culture
results, presentation, and intraoperative findings. One of
the 10 patients who did not receive the additional 6-week
regimen had reinfection. Of note, there were 3 other
patients who did not have UPCs who developed rein-
fection as well. A higher percentage of UPC patients
underwent reoperation (20.2%) than those without UPCs
(7.1%), but this difference did not reach statistical sig-
nificance (P ¼ .109).108

Piggott et al118 reported on 8 of 24 cases with positive
Cutibacterium (formerly Propionibacterium) acnes cul-
tures that were ‘‘unexpected’’ as defined by their inclu-
sion criteria. The primary outcome was termed a
favorable clinical outcome, which was defined as a post-
treatment improvement in pain and function and a lack
of additional operations. Four of the 8 UPC patients met
the favorable clinical outcome end point, 3 did not, and 1
was lost to follow-up. The antibiotics used varied by
clinical judgment and susceptibility and were not well
reported. The addition of rifampin and its duration were
well documented. The 4 patients who had a favorable
outcome received rifampin in addition to the antibiotic
regimen with an average duration of 608.5 days (range,
126-1540 days). Of the 3 patients without a favorable
clinical outcome, 1 received antibiotics plus rifampin for
196 days, 1 received antibiotics alone for 189 days, and
1 underwent surgery.118



Question 1: Table I Summary of studies offering limited data on treatment and outcomes

Author No. of patients with UPC Treatment protocols Outcomes

Kelly and
Hobgood80

8 1 patient received 4 weeks of oral
doxycycline for unrelated infection, 7
received nothing

2 late clinical infections, unclear if
patient who received doxycycline was
among them

Dodson
et al38

6 IV cefazolin for 36 h postoperatively
and clindamycin or penicillin on
culture result of C. acnes in all
patients; oral ampicillin for 8-10
weeks in 5 patients; oral suppressive
therapy for 24 months in 1 patient

Patient receiving oral suppressive
therapy had no signs of infection at
time authors were writing; outcomes
not otherwise reported.

Foruria
et al45

107 Variable; 34 patients treated with
antibiotic regimen (range, 8-700 d)
postoperatively, 19 treated with
chronic antibiotic suppression, 54
did not receive antibiotics other than
preoperative prophylaxis

Variable results were mostly reported in
aggregate. Authors noted that
duration of antibiotic regimen had no
effect on likelihood of a repeated
positive culture during follow-up.

Grosso
et al57

17 13 patients received tobramycin- or
gentamicin-impregnated cement; all
received IV antibiotics for 24
h postoperatively; no additional
therapy after culture results

1 clinical infection at 6 weeks
postoperatively, confirmed as
superficial wound infection during
irrigation and d�ebridement

Hsu et al62 55 patients total; 27 were considered
culture positive with at least 2
positive cultures, 28 were considered
the control cohort with 0 or 1
positive culture

Variable; high suspicion of infection
patients received IV ceftriaxone for a
minimum of 3 weeks, low-suspicion
patients received oral amoxicillin and
clavulanate for same minimum
duration. If a patient became a
culture-positive patient when >2
cultures became positive, the
regimen was changed to IV
ceftriaxone or vancomycin plus oral
rifampin for 6 weeks, followed by
doxycycline or amoxicillin with
clavulanate for a minimum of 6
weeks.

3 in the culture-positive cohort required
additional procedures, but none had
positive cultures at re-revision; 3 in
the control cohort also required
subsequent procedures, and 1 of
these 3 had a single positive culture.
Further details about treatment
duration on a patient-by-patient
basis, beyond the general protocol
already described, were not reported.

Topolski
et al149

75 Variable; 54 patients received only the
standard 2-3 doses of IV
postoperative antibiotics and
nothing further; 14 received
additional, unspecified antibiotics
(range, 1-6 weeks); 7 received only
oral, unspecified antibiotics.

10 patients required re-revision, 7 of
whom had positive cultures at that
time, 5 of which were C. acnes.
Further details about treatment
duration on a patient-by-patient-
basis were not reported.

UPC, unexpected positive culture; IV, intravenous
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There is a clear need for additional research into treatment
options for UPCs. No conclusion can be made at this time as
to what treatment option, if any, is appropriate for UPCs.

Question 2 : Is there a role for postoperative antibi-
otics after irrigation and d�ebridement for hematoma
complicating a primary or revision shoulder arthro-
plasty while awaiting culture results?

Recommendation:
Antibiotics should be given after irrigation and
d�ebridement for hematoma after shoulder (primary or
revision) arthroplasty while awaiting culture results.

Level of evidence: Consensus
Delegate vote: Agree: 91%, Disagree: 9%, Abstain:

0% (Super Majority, Strong Consensus)
Rationale:
A literature search using the terms ‘‘shoulder’’ and ‘‘he-

matoma’’ resulted in 337 citations. After review of the ab-
stracts, 11 articles4,14,25,47,91,104,112,129,133,137,138 that pertained
to the topic of hematoma after shoulder arthroplasty
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were identified for full-text review. Review of these 11
articles did not identify any specific studies addressing the
use of antibiotics after irrigation and d�ebridement of a
hematoma after shoulder arthroplasty. However, given the
concern for the presence of infection at the time of irriga-
tion and d�ebridement for hematoma after shoulder arthro-
plasty, as discussed in Evaluation Question 21 (Is there a
role for obtaining tissue cultures in performing irrigation
and d�ebridement for hematoma after shoulder (primary or
revision) arthroplasty?), we believe it is reasonable to
initiate empirical antibiotic treatment while awaiting the
culture results. Oral antibiotics (frequently doxycycline) are
used pending final culture results, although there are no
clinical outcomes data to justify a particular antibiotic se-
lection or route or even the use of antibiotics at all in this
setting.

Question 3: Is there a role for postoperative
antibiotic treatment for revision arthroplasty with
subsequent UPCs for a virulent organism (eg, methi-
cillin-resistant Staphylococcus aureus [MRSA], methi-
cillin-sensitive S. aureus [MSSA], or Escherichia coli)?

Recommendation:
In aggregate, published studies do not clearly show

superiority of prolonged antibiotic use to no prolonged
antibiotic treatment in the setting of revision shoulder
arthroplasty with subsequent cultures positive for
virulent organisms. However, the data on this specific
clinical scenario are limited as most UPCs are with less
virulent organisms (eg, C. acnes, coagulase-negative
Staphylococcus species).

Level of evidence: Limited
Delegate vote: Agree: 96%, Disagree: 4%, Abstain:

0% (Unanimous, Strongest Consensus)
Rationale:
A comprehensive literature review was performed to

identify all studies on prophylactic and suppressive anti-
biotics after revision shoulder arthroplasty (Supplementary
data). Among the published studies for outcomes after
revision shoulder arthroplasty with subclinical pre-
sentations and UPCs, all were retrospective studies with
differing methodologies.45,57,62,80,108 All of the studies re-
ported the majority of positive cultures (>80%) from
indolent organisms (C. acnes or coagulase-negative
Staphylococcus). None of the studies found a detrimental
effect to not prescribing prolonged postoperative antibi-
otics, although 1 study with no comparison group reported
a 25% recurrence rate after UPCs. For those studies that
treated UPCs with prolonged antibiotics, recurrence rates
were low (0%-3.5%). One systematic review confirmed a
pooled ‘‘true infection’’ rate after UPCs of 10.2%, with
antibiotic use not influencing the rate of occurrence of true
infection after UPCs (P ¼ .498). 82
Grosso et al57 used antibiotic cement and 24 hours of
routine postoperative antibiotics with 1 superficial infection
and no deep infections after revision shoulder
arthroplasty. Foruria et al45 reported at least a 10% persistent
infection rate after single-stage shoulder arthroplasty revi-
sion, although antibiotic use and positive cultures did not
influence the rate of true infections. Padegimas et al108 re-
ported a 23.9% UPC rate after revision shoulder arthroplasty
with standardized UPC treatment with 6 weeks of antibiotics
or 2 weeks of antibiotics at the surgeon’s discretion. They
found only 1 recurrent infection in the UPC group (3.5%) vs.
3.4% in the non-UPC group. Kelly and Hobgood80 reported a
UPC rate of 29% (8/28) after revision shoulder arthroplasty
and treated only 1 with antibiotics postoperatively for 4
weeks (because of superficial wound infection); 2 of 8 (25%)
developed late clinical infection with C. acnes. Last, Hsu
et al62 reported a 49% positive culture rate after revision
shoulder arthroplasty and treated patients by a protocol of 6
weeks of intravenous (IV) antibiotics and 6 months of oral
antibiotics if >2 cultures were positive; 0% of patients had
recurrence of infection with this protocol for the positive
culture group and negative culture groups. On the other hand,
risks from prolonged antibiotic use are significant. Two
studies reported a 19%-42% complication side effect rate
from antibiotic use that was seen with both oral and IV
medications.57,62

The majority (>80%) of UPCs reported in the shoulder
literature are C. acnes or coagulase-negative Staphylo-
coccus organisms. Because of small numbers, meaningful
comparisons to more virulent organisms could not be per-
formed. Other studies in the lower extremity literature
suggest that periprosthetic joint infections (PJIs) from
virulent organisms have higher reinfection rates despite
surgery (45%-49%) for MRSA, enterococci, and strepto-
coccus.3,72,81 In the lower extremity arthroplasty literature,
there is 1 randomized controlled study that reported a
limited benefit to prolonged oral antibiotic therapy after 2-
stage revision with negative cultures (5% vs. 19%),
although culture profiles from the reinfection (mostly
virulent) tended to differ from the original infection or-
ganism profile.78

In aggregate, these studies do not clearly show superi-
ority of prolonged antibiotic use to no prolonged antibiotic
treatment in the setting of revision shoulder arthroplasty
with subsequent cultures positive for virulent organisms.
The clinical implications may differ between occult PJI and
unsuspected PJI in that preoperative diagnostic tests may be
performed in the occult PJI setting, which may guide future
treatment pathways. Prolonged antibiotic therapy may not
be necessary for those patients in whom suspicion of
infection is low. In addition, there are well-reported risks of
antibiotic-related side effects and resistance with wide-
spread use.
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Question 4: Is there a role for postoperative anti-
biotic treatment when a revision arthroplasty is per-
formed with subsequent UPCs of the shoulder caused by
an indolent organism (eg, C. acnes or coagulase-negative
Staphylococcus)?

Recommendation:
Postoperative antibiotic treatment beyond 24 hours

after revision arthroplasty with UPCs for an indolent
organism does not appear to reduce the risk of subse-
quent infection.

Level of evidence: Limited
Delegate vote: Agree: 84%, Disagree: 4%, Abstain:

12% (Super Majority, Strong Consensus)
Rationale:
Refer to the rationale for Question 3.
The long-term consequences of an unexpected indolent

positive culture after revision shoulder arthroplasty are
unknown. Review of literature (Appendix: Search
Methodology) shows limited evidence that prolonged anti-
biotic use is not necessary in this scenario. Furthermore,
there are well-reported risks of antibiotic-related side ef-
fects and resistance with widespread use.
Antibiotic treatment for PJI

Question 5: Is there a need for antibiotic therapy after
irrigation and d�ebridement of patients with acute
shoulder PJI caused by a virulent organism (eg, MRSA,
MSSA, or E. coli)?

Recommendation:
In the absence of high-level data, we propose that

patients with acute PJI of the shoulder caused by
virulent organisms such as MRSA, MSSA, and E.
coli receive postoperative antibiotics. The optimal anti-
biotic, route of administration, and duration of treat-
ment are unknown and should be individualized after
consultation with infectious disease specialists.

Level of evidence: Consensus
Delegate vote: Agree: 100%, Disagree: 0%, Abstain:

0% (Unanimous, Strongest Consensus)
Rationale:
A systematic review was performed using PubMed and

Google Scholar databases in February 2018 to identify
studies of the treatment outcomes after shoulder arthroplasty.
The keywords included ‘‘shoulder AND (replacement OR
arthroplasty) AND infection.’’ This search identified 46 ar-
ticles with relevance to surgical treatment of shoulder PJI, 9
of which described treatment with irrigation and
d�ebridement with or without modular component exchange
for acute (<3 months from surgery or acute hematogenous
spread) infection.2,29,33,36,68,71,107,140,162 These 9 studies
included only small numbers of patients, with only 6 patients
with acute PJI caused by a virulent organism.36
There were no studies that compared irrigation and
d�ebridement alone with irrigation and d�ebridement with
postoperative antibiotics for the treatment of acute PJI.
The 9 studies had varied definitions of acute,
with periods ranging from 4 weeks to 3
months.2,29,33,36,68,71,107,140,162 Data regarding the patho-
genic organism were not clearly reported, thus making it
difficult to determine whether the virulence was a factor in
treatment or outcome. The surgical management of the
acute infections varied, including arthroscopic irrigation
and d�ebridement, open irrigation and d�ebridement, and
open irrigation and d�ebridement with modular component
exchange. Given the limitations of the data, it is not
possible to answer the narrow question of whether there is a
role for antibiotic therapy in the management of acute
shoulder PJI caused by a virulent organism (MRSA,
MSSA, or E. coli) after irrigation and d�ebridement.

Nevertheless, postoperative antibiotics were always part
of the treatment of acute PJI in the published literature.
Treatment types and length varied; both IV and oral regi-
mens were employed, and treatment lengths ranged from
13 days to chronic lifetime suppression.2,36 Most studies
used a 4- to 6-week protocol of postoperative antibiotic
therapy.29,33,36,71,107,140,162 It appears to be the consensus
opinion that acute shoulder PJI treated with irrigation and
d�ebridement should be followed by a course of antibiotic
therapy. The type, dose, and route of administration of the
antibiotic should be individualized and determined after
consultation with an infectious disease specialist.

Question 6: Is there a role for antibiotic therapy in
the management of acute shoulder PJI with an indolent
organism (eg, C. acnes or coagulase-negative Staphylo-
coccus) after irrigation and d�ebridement?

Recommendation:
Antibiotic therapy after irrigation and d�ebridement

for management of acute shoulder PJI with an indolent
organism has not been well studied in the literature. The
limited data available suggest that treatment should
consist of antibiotic therapy; however, the optimal
antibiotic, route of administration, and duration of
treatment are unknown.

Level of evidence: Consensus
Delegate vote: Agree: 100%, Disagree: 0%, Abstain:

0% (Unanimous, Strongest Consensus)
Rationale:
Strategies for treatment of PJI include chronic antibiotic

suppression, irrigation and d�ebridement with or without
component retention, 1- or 2-stage revision, placement of
antibiotic spacer, resection arthroplasty, and arthrodesis.
These strategies have been adopted from the hip and knee
arthroplasty experience and literature. Most of the data pub-
lished specifically addressing acute PJI commingle shoulder
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PJI with hip and knee PJI, with few data specific to treatment
of acute shoulder PJI. The role of antibiotic therapy is notwell
described, nor is the ideal duration or specific antibiotic.
PubMed,Google Scholar, Ovid-Medline, Cochrane, andWeb
of Science were searched for the keywords ‘‘shoulder,’’
‘‘infection,’’ ‘‘periprosthetic,’’ ‘‘arthroplasty,’’ and ‘‘anti-
biotic’’ to identify relevant articles through a title screen,
abstract review, and finally a full-text review.

Dennison et al36 in 2017 published a retrospective case
series of acute PJI treated at the Mayo Clinic that included 10
shoulders in 9 patients treated with irrigation and d�ebridement
and antibiotics. They defined acute PJI as any infection
requiring irrigation and d�ebridement within 6 weeks of the
index arthroplasty or within 3 weeks of symptoms from a
delayed-onset acute hematogenous infection. There were 4
acute postoperative and 6 delayed-onset, acute hematogenous
infections. Five of the shoulders had a positive culture for
indolent bacteria; the other 5 had more virulent bacteria. No
patient underwent component exchange. The postoperative
antibiotic treatment ranged from 3 to 6 weeks (mean, 5.2
weeks). Antibiotics were determined by an orthopedic infec-
tious disease specialist on the basis of organism susceptibility
and host factors. For 9 of the 10 shoulders, additional oral
antibiotic therapy included trimethoprim-sulfamethoxazole
with or without rifampin, penicillin, or a combination of
trimethoprim-sulfamethoxazole with penicillin. Chronic sup-
pression was maintained in 6 shoulders, whereas 3 others had
failure requiring resection arthroplasty. The authors concluded
that irrigation and d�ebridement with antibiotics allowed
component retention in 70% of patients treated for acute PJI,
although nearly all were prescribed chronic antibiotic
suppression.

No studies reported on duration of therapy specific to
acute shoulder PJI caused by indolent organisms. Publica-
tions reporting on acute shoulder PJI caused by both viru-
lent and indolent organisms described a wide duration of
therapy from 2 weeks to 3 months, with poorly described
‘‘additional’’ periods of antibiotics or indefinite therapy.
There is conflicting literature about the importance of
combining therapy with rifampin.

Given the limited nature of the data available, the exact
role and protocol for antibiotic treatment after irrigation
and d�ebridement for the treatment of acute shoulder PJI
infection caused by indolent organisms remain unclear.
Further studies are required to determine the optimal
treatment. Nevertheless, postoperative antibiotics are
traditionally prescribed as part of the treatment of acute PJI.
Treatment types and length varied; both IV and oral regi-
mens were employed, and treatment lengths ranged from
13 days to chronic lifetime suppression.36,134 Most studies
used a 4- to 6-week protocol of postoperative antibiotic
therapy.29,36,106 By consensus, we believe that cases of
acute shoulder PJI treated with irrigation and d�ebridement
should be followed by a course of antibiotic therapy.
Question 7: Is there a role for nonoperative sup-
pressive antibiotic therapy (SAT) in the management of
subacute or chronic shoulder PJI?

Recommendation:
There is a role for SAT of selected cases of peri-

prosthetic infection of the shoulder.
Level of evidence: Limited
Delegate vote: Agree: 96%, Disagree: 0%, Abstain:

4% (Unanimous, Strongest Consensus)
Rationale:
A literature search (MEDLINE, PubMed) was performed

including terms ‘‘periprosthetic infection,’’ ‘‘PJI,’’ ‘‘shoulder
arthroplasty,’’ ‘‘suppressive treatment,’’ ‘‘chronic antibiotic
treatment,’’ and ‘‘ICOAS’’ to identify studies on suppressive
treatment of PJI of the shoulder. The majority of published
studies were retrospective. A total of 8 shoulder cases were
identified (5 successful, 3 failures). Most studies reported on
SAT after an initial surgical procedure like d�ebridement or
emptying of abscesses.

Five studies evaluating SAT included cases of infected
shoulder arthroplasty (8 shoulders). Prendki et al124 reported
on 38 patients with a minimum suppressive treatment of 6
months for a periprosthetic infection (24 hips, 13 knees, 1
shoulder); 60% of the patients were taking antibiotics and
without relapse of infection (including the shoulder) at 24
months. There were 6 failures and 9 deaths. Some of these
patients had a surgical procedure before initiation of sup-
pressive treatment. It is unclear how many patients were
treated without initial surgery.

Wouthuyzen-Bakker et al160 reported on a retrospective
study of 21 patients (2 shoulders) with median follow-up of
21 months. They reported 90% success if the patients had a
standard prosthesis but only 50% success in patients with a
tumor prosthesis. One shoulder case was successful and 1
was a failure. Only 6 patients were treated without initial
d�ebridement and 4 had a successful outcome.

Pradier et al121 reported on 78 patients (2 shoulders)
treated with oral tetracyclines as suppressive treatment with
a minimum follow-up of 2 years. All patients had surgical
d�ebridement; 22 patients failed to respond to treatment.
Both shoulders were failures. Three cases had acquisition
of tetracycline resistance of the initial pathogen.

Prendki et al123 reported on a larger series of joint in-
fections (136 patients); 79 (58%) had some type of initial
surgical procedure. There were 2 shoulders, and both were
successfully treated with SAT. It is unclear whether these 2
patients had initial surgery. Prendki et al123 also reported on
21 patients in another study including 1 shoulder (suc-
cessful). Of these 21 patients, 5 had fistulas before starting
chronic SAT; 40% of the patients were free of clinical signs
of infection after 2 years.

Multiple other studies have included PJI of other joints,
primarily hip and knee arthroplasty.

Segreti et al135 reported on prolonged suppressive
treatment in 18 patients (12 knees and 6 total hip
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arthroplasties); 8 had acute infection and 10 had chronic
infection. All had surgical d�ebridement before antibiotic
treatment. Duration of oral antibiotic suppressive treatment
varied from 4 to 103 months. Overall, 14 patients remained
asymptomatic; 22% of the patients had complications
related to antibiotic treatment. The authors concluded that
suppressive treatment can be an alternative for patients who
cannot or will not undergo major surgical revision.

Rao et al127 reported on 36 patients (15 hips, 19 knees,
and 2 elbows); 47% had acute onset (<4 weeks), and 53%
were chronic infection. All patients had open d�ebridement.
Mean duration of treatment was 52.6 months (range, 6-128
months). They reported favorable results (retention of a
functioning prosthesis) in 86% with a mean follow-up of 5
years; 8% had complications related to antibiotic treatment.

Pavoni et al115 reported on 34 patients (no shoulders
included) with infection. Fourteen had surgical
d�ebridement. Seventeen patients had no relapse of infection
during the time of this study (11 of these patients had no
initial surgical d�ebridement).

Siqueira et al139 reported on 92 patients (no shoulders).
They compared patients undergoing surgical d�ebridement
followed by a short period of antibiotics with patients
receiving prolonged SAT. The 5-year infection-free pros-
thetic survival rate was 68.5% for the antibiotic suppression
group compared with 41.1% in the nonsuppression group.
Hip infections had a lower rate of failures, and results were
better in the suppression group if there was a Staphylo-
coccus aureus infection.

Shelton et al136 reported cure of a draining sinus track in
a case of hip infection. After suppressive treatment, the
patient discontinued antibiotic treatment and had no relapse
of infection or fistula for a period of 8 years.

In summary, a review of the literature demonstrates
that there is a role for suppressive treatment of PJI in the
hip and knee in patients with stable implants who cannot
or do not want to undergo major revision surgery. How-
ever, the studies included patients with acute, subacute,
and chronic infections, and the duration and type of
treatment varied. Most of the published case series
included patients who had long-term SAT after initial
surgical irrigation and d�ebridement. It is difficult to
identify and to evaluate the outcome for patients who had
only chronic suppressive treatment. Furthermore, only a
few shoulders are included, and therefore no recommen-
dations can be given for type and duration of SAT for PJI
in the shoulder. It is difficult to extrapolate from hip and
knee infection data because the clinical manifestation and
type of pathogen are different in the shoulder compared
with the hip and knee. Last, profound concerns about
antibiotic stewardship and antibiotic-related complica-
tions must be carefully weighed against any perceived
potential modest success of this strategy.
Question 8: Is there a role for oral SAT in the setting
of retained prostheses after IV therapy in subacute or
chronic PJI?

Recommendation:
The administration of oral SAT may have a role in

management of patients with chronic or subacute PJI
who cannot undergo further surgical intervention.

Level of evidence: Limited
Delegate vote: Agree: 100%, Disagree: 0%, Abstain:

0% (Unanimous, Strongest Consensus)
Rationale:
Many cases of PJI can be managed by means of an

adequate medical-surgical strategy with antibiotic treat-
ment administered for a finite time. For patients with a
PJI for whom the medical-surgical treatment is suboptimal
or clearly insufficient to achieve control (because of sur-
gical contraindications, technical difficulties, severe medi-
cal comorbidities, or multidrug-resistant bacteria), chronic
oral SAT is considered an alternative strategy. SAT refers to
the use of antibiotics administered indefinitely, with a
"noncurative" intent, with the objective of avoiding or
reducing symptoms and delaying or preventing progression
that may lead to the patient’s dysfunction and loss of the
implant.

A search of MEDLINE and Embase from 1980 to
January 2018 was conducted. The terms used were PJI or
infected arthroplasty and suppressive therapy or suppres-
sive antibiotics. Case reports, reviews, and guidelines were
excluded. Thirteen articles were reviewed. When the search
was performed including the term "shoulder arthroplasty"
or ‘‘prosthetic shoulder" and ‘‘suppressive antibiotic ther-
apy’’ or ‘‘suppressive antibiotics,’’ no articles specifically
on this topic were found. However, a search in the medical
literature (MEDLINE and Embase) about PJI or arthro-
plasty and suppressive therapy or suppressive antibiotics
yielded 13 references.23,54,96,115,121-
123,125,127,135,139,151,160 Twelve are retrospective descrip-
tive series and 1 is a propensity score controlled cohort
study.139 Most of the cases included in these series were hip
and knee infections, and only 9 of the 680 were PJIs.
Therefore, this review is primarily based on the results
obtained from research of prosthetic hip and knee
infections.

The efficacy of SAT varied from 23% at 3.5 years151 to
86.2% at 5 years.127 These wide discrepancies are
explained by the use of different criteria in selecting pa-
tients for SAT and in defining the response to treatment.
The case mix of patients in whom SAT has been prescribed
includes a wide spectrum of situations ranging from acute
PJI cases that could probably be cured by d�ebridement and
several weeks of antibiotic therapy to patients with evident
chronic infections showing active fistula and no surgery
performed.
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In summary, analysis of the literature on SAT faces the
following major problems: different classifications of PJIs
and the terms that are used to describe them (early, acute,
delayed, chronic, subacute, and so on); differences in the
medical-surgical strategies as standard of care of the PJI
according to the types of infection; differences in the
criteria used to select patients for SAT; differences in the
criteria used to evaluate the efficacy of SAT; and absence
of control groups to compare the efficacy of SAT. As well,
other "minor" problems include insufficient follow-up,
variety of antibiotics used, and small sample sizes in
general.

Thus, it is difficult to determine the effectiveness of
SAT, although some evidence can be obtained by indirect
means. In a cohort of 112 cases with PJI (52 hips, 51 knees,
4 elbows, 3 ankles, and 2 shouldersdmost of them diag-
nosed with early PJI but including also late infections)
managed with d�ebridement and prosthesis retention and
prolonged antimicrobial therapy for more than a year, the
rate of failure among patients who discontinued antibiotic
treatment was 4-fold higher than in those who
continued.23 Although 82% of the patients who stopped
antibiotics did not have failure (probably the infection was
actually eradicated), the occurrence of failure in some of
them indicates that a proportion of those who were
not cured by this strategy benefitted from SAT. Failures
mainly occurred within the first 4 months of antibiotic
withdrawal.

Another more recent study is the only one that included
controls.139 Ninety-two patients receiving SAT (71 hip PJIs
and 21 knee PJIs) were compared by a propensity score
(based on age, sex, type of prosthesis, type of surgery,
Charlson index, number of previous revisions, and microor-
ganisms) with 276 controls to whom clinicians did not
administer SAT. The decision to use SATwas individualized,
but it is presumed that it was due to ‘‘high risk of failure.’’ In
fact, 67% of the patients had previous revision surgery.
Thirty-six of the cases were ‘‘early’’ PJI and 56 were ‘‘late’’
PJI (no definition of early was provided). Cases were
managed either by a 2-stage revision (38) or by d�ebridement
and exchange of polyethylene (54) followed by IVantibiotics
before SATwas started. A better result was observed in SAT-
treated patients than in controls (68.5% vs. 41.1%;P¼.08) at
5 years. Analyzed by type of surgery, differences were noted
in patients with prosthesis retention (64.7% vs. 30.4%; P <
.001), but they were not observed in those managed by 2-
stage exchange (P ¼ .13). The proportion of success among
patients with late infections was 64.3%. One of the draw-
backs of the study is that the authors included as failures any
death during the first year and the occurrence of severe pain
during the follow-up, making it difficult to assess the pro-
portion of true failures because of a lack of infection control.

Interestingly, most series show reassuring data about the
safety of long-term antibiotic administration.96,121–123,
127 Those who did not tolerate the first selected agent
usually tolerated a new one.160
In summary, there seems to be some evidence that SAT
benefits patients at high risk of failure of prosthesis reten-
tion. The main problem is to identify in which patients the
risk is high enough to compensate for the inconvenience of
long-term antibiotic use.

The following conditions also need to be met in
considering SAT: identification of the microorganism that is
causing the infection; availability of oral antibiotics that are
not toxic when administered for long periods; and practi-
cality of close follow-up of the patient. Bearing all these
considerations in mind and also the antibiotic stewardship
and resistance implications of long-term antimicrobial
therapy, SAT is indicated only after a careful risk-benefit
analysis. The temptation to use this strategy to avoid the
need for complex but potentially eradicative surgery should
be resisted.

Question 9: Is there a role for oral SAT in acute PJI
in the setting of retained prostheses after initial IV
therapy? Is the duration the same as for lower extremity
arthroplasty? Should it differ by pathogen (eg, MSSA
vs. MRSA)?

Recommendation:
Whereas the role of d�ebridement, antibiotics, and

implant retention (DAIR) in the treatment of acute
prosthetic shoulder infection has not been well studied,
there is likely to be a role for oral SAT in the setting of
retained infected shoulder prostheses after DAIR. There
is no evidence to guide the optimal duration of
treatment or whether treatment should vary by
organism.

Level of evidence: Limited
Delegate vote: Agree: 96%, Disagree: 0%, Abstain:

4% (Unanimous, Strongest Consensus)
Rationale:
The treatment of an acute hip or knee PJI after irrigation

and d�ebridement with implant retention includes a course
of oral antibiotics that follows the IV antibiotic ther-
apy.35,146,164 Although the efficacy of this approach is
debated, with reported success rates ranging from 0% to
89%,77 the use of oral antibiotics (for varying durations) in
patients with retained hardware has been reported to be
nearly universal, especially in the United States.97 An
analogous algorithm of treatment has been advocated in the
setting of acute shoulder PJI when it is treated with irri-
gation and d�ebridement with implant retention,16,42,119

although specific recommendations for route and duration
of antibiotic therapy are not clear.95,101

There is very little published literature evaluating the
efficacy of this course of treatment in shoulder PJI
(Supplementary data). Most studies addressing the treat-
ment of acute shoulder PJIs are retrospective case series
without control cohorts.2,5,17,23,29,36,52,68,71,79,102,107,122,131,
140,159,162,163 As many of these studies were composed of
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patients undergoing heterogeneous treatment protocols, the
subset of patients undergoing DAIR is often small, further
limiting the ability of these studies to provide useful data.
The overall number of patients presented in these articles is
also small; no study exceeded 50 shoulders, and the ma-
jority reported on the outcomes of fewer than 10 patients
with acute shoulder PJIs treated with irrigation and
d�ebridement and implant retention followed by IV and then
oral antibiotics. Details about antibiotic use and duration
are not always presented or correlated with clinical out-
comes. Given the small number of overall cases to draw
from, it is difficult to make any inferences about the effi-
cacy of this treatment as stratified by organism, including
MRSA vs. MSSA. Complicating any synthesis of the data
further is heterogeneous mix type of infected arthroplasty
(anatomic total shoulder arthroplasty [TSA], reverse TSA
[RTSA], or hemiarthroplasty). Extrapolating these results
to assess the actual utility of oral SAT in acute PJI in the
setting of retained prosthesis after initial IV therapy, much
less recommending an optimal duration of therapy, is not
feasible.

Whether DAIR is even a viable treatment approach for
shoulder PJIs in any setting has been challenged.101 A
systematic review of the literature found that the failure rate
of implant retention in the setting of prosthetic shoulder
infection was 31.4% vs. 6.3% after a 2-stage exchange,
9.7% after explantation with placement of a permanent
spacer, and 9.9% after a 1-stage exchange.106

However, despite the lack of supporting medical litera-
ture, the use of oral antibiotics, based on the more extensive
experience with the treatment of hip and knee infections
after d�ebridement as well as the current understanding of
the role that biofilm plays in treatment failure,74,90,102,103 is
likely to be a reasonable approach to the treatment of acute
prosthetic shoulder infections in treating patients with
implant retention, at least until more rigorous outcomes
data that support the contrary are available.

Question 10: Should the duration of oral SAT differ
by pathogen (eg, MSSA vs. MRSA) in the treatment of
subacute or chronic shoulder PJI?

Recommendation:
There is insufficient evidence to determine whether

the duration of oral SAT should differ by pathogen in
the treatment of subacute or chronic shoulder PJI.

Level of evidence: Limited
Delegate vote: Agree: 100%, Disagree: 0%, Abstain:

0% (Unanimous, Strongest Consensus)
Rationale:
There is currently no widely accepted definition of

SAT in reference to shoulder PJI. A thorough search of
PubMed, Embase, and Google Scholar databases was per-
formed in February 2018 to identify articles related to the
use of SAT for the treatment of shoulder PJI using the
search terms ‘‘prosthetic joint infection,’’ ‘‘suppressive
therapy,’’ ‘‘antibiotic suppressive therapy,’’ and ‘‘suppres-
sion.’’ From this search, it is clear that the term SAT is
variably used. In some cases, it is used to mean prolonged
antibiotic therapy after surgery (irrigation and d�ebridement
and implant revision) with the intention of effecting a cure
and discontinuation of antibiotics; in others, it means
treatment of active PJI in patients unable to undergo
additional surgical intervention. In the latter case, it is
palliative based on the principle that organisms within a
biofilm cannot be fully eradicated and that the antimicro-
bial inhibits the organisms in the biofilm from spreading.
This may halt dissemination of the infection and prevent
sepsis but is highly unlikely to eradicate the underlying
infection. SAT is also used to refer to indefinite or lifelong
use of antibiotic therapy in patients without clinical evi-
dence of active infection but thought to be at high risk for
relapse.

With use of an inclusive definition of SAT, 8 relevant
studies were identified.54,122-124,135,139,151,160 In these
studies, 34 patients with shoulder PJI had SAT. Failure was
defined as a relapse of infection based on the criteria
described in each manuscript. These criteria were incon-
sistent. The relapse rate was 29% (10/34 cases). There was
insufficient detail to comment on treatment duration, dose
of antibiotics, or type of antibiotics.

There is limited evidence for success after discontinua-
tion of SAT. Reports of hip and knee PJI demonstrate that
there is a relapse rate of around 30% within 4 months after
SAT is discontinued, even after long periods of treat-
ment.122 A study of 24 patients with PJI (2 shoulder pa-
tients) did observe that treatment succeeded in almost all
patients with a PJI caused by a Staphylococcus epi-
dermidis.160 This may be due to the fact that S. epidermidis
is low virulence, and the natural course of infection is often
dormant and low grade in nature.

Safety issues related to prolonged use of antibiotics are
an important consideration. Although information is scarce,
the safety data published for case series indicate a low rate
of antibiotic withdrawal due to adverse events.21,122,135

It is important that clinicians and researchers more
precisely define SAT. It appears reasonable for SAT to refer
to chronic use of low-dose antibiotic therapy in patients
with persistent PJI in which the aim is to prevent acute
exacerbation or recurrence of local symptoms or greater
systemic involvement rather than to effect cure and eradi-
cation of infection. SAT is differentiated from antibiotic
treatment that is longer than usual protocols but eventually
stopped, which is meant to eradicate infection. Differenti-
ation of these terms may allow future investigators to make
more concrete recommendations for the use of SAT in
shoulder PJI.
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Question 11: What are the recommendations for the
route (IV vs. oral) and duration of postoperative anti-
biotic treatment when a 1-stage revision arthroplasty is
performed for subacute or chronic shoulder PJI of the
shoulder caused by an indolent organism (eg, C. acnes
or coagulase-negative Staphylococcus)?

Recommendation:
Before identification of pathogenic organisms, a

course of oral antibiotics may be initiated that covers
the potential organism until intraoperative cultures are
finalized. If the cultures are positive and PJI is diag-
nosed, a continued course of antibiotics (up to 6 weeks)
should be pursued. There is no evidence to support a
preferred route (oral vs. IV), type, and duration of
antibiotic treatment.

Level of evidence: Consensus
Delegate vote: Agree: 100%, Disagree: 0%, Abstain:

0% (Unanimous, Strongest Consensus)
Rationale:
Shoulder PJI negatively affects the outcome of shoulder

arthroplasty and is often treated with revision surgery.29

The overall rate of infection after shoulder replacement is
reported as 1.2%-3.0% (0.5%-3.9% for anatomic and up to
10.0% for reverse shoulder arthroplasty).10,14,15 Shoulder
PJI is commonly manifested as painful arthroplasty and
often lacks typical clinical findings of acute infection. Re-
sults of laboratory workup, such as inflammatory markers,
white blood cell (WBC) count, and shoulder aspiration, are
often normal, leaving clinicians with limited tools to
confirm infection before revision surgery. This is mostly
due to predominance of indolent organisms such as Cuti-
bacterium (formerly Propionibacterium) acnes (39%-66%)
and coagulase-negative Staphylococcus (24%-28%) in
periprosthetic shoulder infection.80,120

Two-stage revision including aggressive d�ebridement
and antibiotic spacer placement followed by prolonged
IV antibiotics was adopted by shoulder surgeons from
treatment of PJI of other joints and showed 63%-100%
success in eradicating infection in short-term to
midterm follow-up.43,131,145 This approach has many
shortcomings, including subjecting patients to 2 opera-
tions, spacer complications such as fracture or disloca-
tion, and loss of rotator cuff and bone stock leading to
poor joint function.

Recently, 1-stage revision has been advocated for low-
virulence indolent infections. Nelson et al106 and Cuff
et al32 showed similar rates of eradication with 1-stage
compared with 2-stage treatment. Beekman et al10 reported
results of single-stage revision for infected reverse shoulder
arthroplasty and showed that at 2-year follow-up, 90% of
patients were infection free with a Constant score of
55.6%. George et al51 conducted a systematic review and
found that the average Constant score was 51% after
1-stage revision compared with 41% for 2-stage
revision. These studies make a reasonable case for 1-stage
revision arthroplasty to eradicate indolent infections while
preserving function, but they have highly variable protocols
for type and duration of postoperative antibiotics.

To address the question of antibiotic therapy after
1-stage revision arthroplasty for shoulder PJI with indolent
organisms, a PubMed search was conducted with terms
arthroplasty, replacement, shoulder [MeSH], and revision,
which resulted in 120 papers. Abstracts of the papers were
reviewed to identify papers reporting 1-stage revision for
indolent shoulder PJI, which resulted in 8 relevant articles
included in this review.

Most reports do not clearly describe antibiotic therapy
after revision surgery. This section reviews and summarizes
the current literature on treatment outcome of infected
shoulder arthroplasty with specific focus on antibiotic
regimen, as incomplete as it may be, including route (IV vs.
oral), type, and duration.

Grosso et al57 retrospectively reviewed patients with no
perioperative sign of infection who underwent single-stage
revision shoulder arthroplasty and had at least 1 positive
intraoperative culture and were not treated with an
extended course of antibiotics. The majority of the cultures
(56%) were C. acnes, followed by coagulase-negative
Staphylococcus (35%). The rate of recurrence was low
(5.9%), and the authors suggested that cultures in cases of
seemingly uninfected single-stage revision do not require
extended antibiotic therapy.

Padegimas et al108 reported on a series of 117 cases with
no preoperative concern for infection treated with single-
stage revision arthroplasty and followed up for >4 years;
28 (23.9%) had an intraoperative UPC, of which 15
(57.1%) were C. acnes and the majority in male patients.
They did not identify any predictor for reoperation, but they
observed a higher rate of reoperation in patients without
UPCs (20.2% vs. 7.1%); however, this did not reach clinical
significance. In their cohort, 18 (64.3%) patients were
treated with IV antibiotics for 6 weeks and 10 (35.7%)
patients received only 2 weeks of oral antibiotics. Among
culture-positive patients, there was only 1 reoperation in a
patient who did not receive prolonged antibiotics.

Coste et al29 reported on the outcome of treatment in 42
patients with shoulder PJI with a mean 34 months of
follow-up. They defined infection on the basis of 7 criteria,
including presence of sinus track, elevated serum WBC
count, elevated erythrocyte sedimentation rate (ESR) or
C-reactive protein (CRP) level, positive culture including
preoperative aspiration, radiographic evidence of implant
loosening, and abnormality detected on bone scan, but no
details were given on how these criteria were weighted in
their definition; 20 cases followed primary arthroplasty and
22 occurred after revision. Thirty patients (71.4%) had
subacute or chronic infection. At final follow-up, 22
(73.3%) were infection free, but there was wide variation in
how patients were treated. They were able to obtain anti-
biotic information of 30 patients, and they judged treatment
to be inadequate in 15 patients with regard to duration and
type of antibiotics. Five patients were treated with
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antibiotic only, and only 2 remained infection free at final
follow up (60% failure rate).

Cuff et al32 reported their results of 22 patients with
infection after hemiarthroplasty (n¼ 17) and open cuff repair
(n ¼ 5) treated with 1-stage vs. 2-stage revision. In their se-
ries, S. aureus was the most common organism. Coagulase-
negative Staphylococcus species (n¼ 3) andC. acnes (n¼ 1)
were also identified. None of their patients had recurrent
infection at mean follow-up of 43 months, and there was no
difference in any of the outcome measures between 1-stage
and 2-stage revision. The majority of the patients had 6
weeks of IV antibiotics; patients with no clinical sign of
infection and with normal findings on intraoperative histo-
logic evaluation were treated with 2 weeks of IVantibiotics.
It is not clear what type of IVantibiotics were given.

Keller et al79 performed a retrospective study of ortho-
pedic hardware infection that was treated with d�ebridement
and retention of hardware, with single-stage revision, or
without surgery to determine whether treatment with 6
weeks of oral antibiotics changes the rate of success at 1
year. They included only patients who had 2 separate
positive cultures taken with a sterile technique from the
same site that grew the same organism. Of the 89 patients
in their study, 42 (47.2%) were infection free at 1 year.
Patients with MRSA or gram-negative organisms, prior
infection at the same site, or higher Charlson comorbidity
score were less likely to achieve treatment success. Patients
who were receiving oral suppression for 3-6 months had a
significantly lower recurrence rate, but continuation of an-
tibiotics beyond 6 months did not have the same benefit.
Specifically, C. acnes infection (n ¼ 32) was associated
with a higher likelihood of treatment success at 1 year
(odds ratio, 5.1; 95% confidence interval, 1.32-19.75).

Piggott et al118 reported a retrospective study of surgical
and nonsurgical management of 24 patients with C. acnes
shoulder PJI from 1 center with median follow-up of 2 years.
They defined definite PJI as 2 positive C. acnes cultures or 1
positiveC. acnes culture plus sinus track, clinical purulence,
or positive results of histopathologic examination. Probable
PJI was defined as 1 positive C. acnes infection and any
suspicious clinical sign of infection. There were 11 (46%)
definite and 13 (54%) probable PJI cases. The surgery group
included incision and d�ebridement with retention in 1 case,
1-stage revision in 4 cases, 2-stage revision in 7 cases, and
spacer placement with no reimplantation in 3 cases. The
median duration of antibiotic treatment was 6.3 months
(range, 1.3-50.7 months). They found similar success rate
with antibiotic only (67%) vs. surgery plus antibiotic treat-
ment (71%; P¼ 1.0). Fifteen patients (71%) had rifampin as
part of their antibiotic treatment, but taking rifampin did not
significantly change their outcome (73% vs. 60%; P ¼ .61),
and 40% of patients who received rifampin had to stop it
because of side effects.

Hsu et al62 reported a retrospective study of 55 failed
shoulder arthroplasty cases without clinical evidence of
infection that underwent 1-stage revision and compared the
outcome at an average of 4 years between patients with �2
positive cultures (n ¼ 27) and those with 1 or no positive
cultures (n ¼ 28). They reported comparable Simple
Shoulder Test scores and reoperation rates. All patients
received IV vancomycin and ceftriaxone as prophylaxis. If
the index of suspicion for infection was high, the IV anti-
biotics were continued for 3 weeks until the cultures were
finalized. If suspicion was low, the patients were prescribed
oral amoxicillin and clavulanic acid for 3 weeks. If cultures
were negative or only 1 culture was positive, the antibiotic
was stopped at 3 weeks. If �2 cultures became positive at
any point, IV ceftriaxone with or without vancomycin was
started or continued for 6 weeks. They reported 42% anti-
biotic side effects in this cohort, more commonly among
patients treated with IV antibiotics.

Klatte et al85 retrospectively reviewed their experience
of 26 patients with infected shoulder arthroplasty treated by
1-stage revision at mean follow-up of 4.7 years (range,
1.1-13.3 years). The most common organisms were
S. epidermis and C. acnes. The majority of patients (94%)
were infection free at final follow-up. Antibiotic therapy
was tailored to clinical signs, serial CRP levels, and serum
WBC count. IV antibiotics were given for a mean of 10.6
days (range, 5-29 days). Oral antibiotics were given to 4
patients for 5 days, 8 patients for 14 days, and 2 patients for
24 days and stopped when the CRP level was normalized
and the wound was healed.

The literature on antibiotic treatment after 1-stage revi-
sion shoulder arthroplasty for subacute and chronic infec-
tion is primarily based on heterogeneous case series with
inconsistent definitions for infection and variable treatment
protocols. Shoulder PJI with indolent slow-growing or-
ganisms such as C. acnes and coagulase-negative staphy-
lococci often have minimal clinical signs of infection.
Thus, the diagnosis of infection is frequently made up to 2
weeks after the revision has been completed. As a practical
approach to management, many clinicians recommend
using antibiotics for all revision shoulder arthroplasty sur-
gery pending the final cultures results.61

There is no consensus on duration and type of antibiotics
for this period. Antibiotic treatment after cultures are
finalized should be dictated by clinical index of suspicion
for infection, culture results, and risk-benefit analysis of
antibiotic side effects. There is no high-level evidence to
guide this decision.

Question 12: What are the recommendations
regarding the route (IV vs. oral) and length of post-
operative antibiotic treatment when a 1-stage revision
arthroplasty is performed for subacute or chronic
shoulder PJI caused by a virulent organism (eg, MRSA,
MSSA, or E. coli)?
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Recommendation:
IV antibiotics and IV followed by oral antibiotics are

both reasonable options for 1-stage revision shoulder
arthroplasty for subacute or chronic shoulder PJI
caused by a virulent organism. As there is no consensus
on the route or duration, these treatment parameters
should be selected in consultation with an infectious
disease specialist.

Level of evidence: Limited
Delegate vote: Agree: 100%, Disagree: 0%, Abstain:

0% (Unanimous, Strongest Consensus)
Rationale:
Single-stage revision shoulder arthroplasty is

a treatment option for shoulder PJI.50,62,68,95 However,
the outcomes depend on the virulence of the organism,
and the ideal duration and mode of antibiotic (IV or oral)
treatment associated with single-stage revision are not
known.

A literature search of PubMed and Embase databases of
all English literature until March 2018 was conducted to
query keywords ‘‘(shoulder OR ‘upper extremity’) AND
(arthroplasty OR replacement) AND (infection OR infec-
ted).’’ A total of 1434 articles were retrieved by the initial
search. After review of the title and abstract of all studies,
articles focusing on ‘‘management of infection’’ were
extracted for further review (n ¼ 31). After application of
final exclusion criteria (‘‘two stage revision,’’ ‘‘antibiotic
spacer,’’ or ‘‘antibiotic suppression’’) and inclusion criteria
(‘‘single stage revision,’’ ‘‘antibiotic’’), a full-text review of
the articles was conducted, and 6 articles were selected for
final analysis. Articles reporting single-stage revision but
without any information on antibiotic type or duration were
further excluded (n ¼ 2).

The selected studies for analysis (n ¼ 4) evaluated the
role of postoperative antibiotic therapy for single-stage
revision for PJI. These studies did not stratify results by the
virulence of the organism. Thus, no firm conclusions about
treatment according to the virulence of the organism can be
made.

Beekman et al10 retrospectively reviewed 11 patients
with an infected reverse shoulder arthroplasty who under-
went single-stage revision arthroplasty. Two of these pa-
tients had monobacterial infection with a virulent organism
(S. aureus and E. coli). Both of these patients received at
least 3 days of IV antibiotic and were discharged on oral
antibiotics, which were continued for at least 3 months.
Ince et al66 retrospectively reviewed 16 patients with
shoulder PJI (3 with identified virulent organisms) who
underwent single-stage revision shoulder arthroplasty.
Three patients (w19%) required revision. All patients
received IV antibiotics for a mean of 8.6 days (range, 5-14
days), and antibiotics were stopped when the surgical
incision had healed or laboratory values (ESR, CRP level,
and WBC count) were trending down. No recurrence of
infection was reported in 9 patients who were reviewed.
Klatte et al85 reported on the results of single-stage revision
shoulder arthroplasty for PJI in 35 patients, of whom 26
were available for review. Patients received IV antibiotics
for a mean of 10.6 days (range, 5-29 days), and 11 patients
received oral antibiotics for a mean duration of 12.8 days
(range, 5-24 days). There were 2 recurrences. Cuff et al32

retrospectively reviewed 22 infected shoulder arthro-
plasties, of which 11 were treated with single-stage revision
to reverse shoulder arthroplasty and IV antibiotics. Five of
the 10 patients had virulent pathogens, and patients
received antibiotics for 2 weeks (1 patient) or 6 weeks (4
patients), depending on cultures and intraoperative histol-
ogy results. There was 1 recurrence of infection.

There is little evidence regarding the subsequent anti-
biotic management of subacute and chronic shoulder PJI
due to highly virulent organisms treated with 1-stage
revision. IV antibiotics and IV followed by oral antibiotics
are both reasonable options. However, there is no consensus
on the antibiotic type and duration of antibiotic treatment.
In current practice, clinical judgement and trending of
laboratory values (ESR and CRP) may help guide duration
of antibiotic treatment.

Question 13: What is the optimal antibiotic treatment
for culture-negative cases with positive clinical, radio-
graphic, or intraoperative findings for acute shoulder PJI?

Recommendation:
The limited data suggest that treatment should

consist of an empirical antibiotic regimen recommended
by an infectious disease specialist considering the local
organism profile.

Level of evidence: Consensus
Delegate vote: Agree: 100%, Disagree: 0%, Abstain:

0% (Unanimous, Strongest Consensus)
Rationale:
Five percent to 34% of periprosthetic shoulder infections

are culture negative.146 A MEDLINE database search was
performed with the following terms: ("culture negative")
AND ((prosthetic joint infection OR periprosthetic joint
infection) OR (arthroplasty AND infection)). Ten original
articles12,26,64,75,83,84,94,111,126,158 and one systematic re-
view161 have been published on the topic of culture-negative
PJI, none addressing shoulder PJI, and they focused on out-
comes of culture-negative vs. culture-positive PJI (not on the
best treatment). The existing publications indicate that the
outcome of treatment of culture-negative PJI is similar to that
of culture-positive PJI. In these studies,most of these patients
with culture-negative PJI have been treated with glycopep-
tides, mainly vancomycin. Previous antibiotic use was
common in these patients, potentially confounding the ability
to culture an organism.7

In a large multicenter study of the microbial etiology of
PJI that included >2500 PJI cases in Spain, Benito et al11

analyzed the microbiology of 42 cases of shoulder PJI
(data not published). Twenty-eight (66.7%) PJIs were
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caused by aerobic gram-positive cocci, mainly coagulase-
negative staphylococci and S. aureus; 9 (21.4%) were due
to Cutibacterium spp, and 9 (21.4%) were due to Entero-
bacteriaceae; 2 cases were due to Pseudomonas aerugi-
nosa, and 5 (11.9%) were polymicrobial infections.

Given the limited nature of the available data, the anti-
biotic treatment recommended for culture-negative cases of
acute shoulder PJI with positive clinical, radiographic, or
intraoperative findings remains unclear. Consultation with
an infectious disease specialist is recommended to arrive at
a treatment strategy that includes empirical coverage
against the most common pathogens of acute PJI. A broad-
spectrum antibiotic regimen that covers aerobic gram-
positive cocci (including MRSA and coagulase-negative
staphylococci) and gram-negative bacilli, as well as Cuti-
bacterium species could be recommended. The need for
antibiotic activity against specific multidrug-resistant mi-
croorganisms should be considered according to the pa-
tient’s clinical and epidemiologic background.

� Treatment with vancomycin, teicoplanin, or daptomycin
would cover aerobic gram-positive cocci (mainly staphy-
lococci), 67% of infections according to the mentioned
data; these antibiotics are also active againstCutibacterium
spp. However, a b-lactam (penicillin or cephalosporins)
would probably bemore active thanvancomycin according
to a study of 28 strains of C. acnes isolated from shoulder
surgery.30 C. acnes is highly susceptible to a wide range of
antibiotics, including b-lactams, quinolones, clindamycin,
and rifampin.1 However, resistance is beginning to emerge.
Reports note an increasing emergence of resistance to
macrolides, clindamycin, tetracycline, and trimethoprim-
sulfamethoxazole.1

� Aerobic gram-negative bacilli mainly include Enterobac-
teriaceae and P. aeruginosa. Besides coverage of aerobic
gram-positive cocci (with vancomycin, teicoplanin, or dap-
tomycin), the additionof ceftriaxone is agoodoption to cover
Enterobacteriaceae (if there is no suspicion of mechanisms
ofEnterobacteriaceae acquired resistance, such as extended-
spectrum b-lactamase producing Enterobacteriaceae);
ceftriaxone is also active against Cutibacterium spp. If
P. aeruginosa is a concern, cefepime or ceftazidime (instead
of ceftriaxone) should be considered.Meropenem (instead of
a cephalosporin) would be an option if extended-spectrum
b-lactamase producing Enterobacteriaceae are suspected; it
also has activity against P. aeruginosa.

Clearly knowing the organism and antibiotic suscepti-
bility allows the selection of an antibiotic that is maximally
bactericidal to the specific pathogen and minimally toxic to
the patient. However, in lieu of these data, the empirical
treatment should be administered intravenously with the
decision for a second phase with oral antimicrobial treat-
ment evaluated on a case by case basis. The role of
rifampin is not clear in the scenario of a culture-negative
PJI as it has demonstrated efficacy only in the
staphylococcal infections. Moreover, the emergence of
resistance to rifampin is high if it is used without a con-
current antibiotic to which the pathogen is susceptible,
which cannot be clearly determined in a culture-negative
PJI.

Question 14: What is the optimal antibiotic treatment
of culture-negative cases with positive clinical, radio-
graphic, or intraoperative findings for subacute or
chronic shoulder PJI?

Recommendation:
The limited data suggest that treatment should

consist of an empirical antibiotic regimen recommended
by an infectious disease specialist considering the local
organism profile.

Level of evidence: Consensus
Delegate vote: Agree: 100%, Disagree: 0%, Abstain:

0% (Unanimous, Strongest Consensus)
Rationale:
A systematic review was conducted in March 2018 using

PubMed and Google Scholar databases. Keywords included
‘‘shoulder’’ AND (‘‘prosthetic joint infection’’ OR
‘‘arthroplasty infection’’) AND (‘‘culture’’ or ‘‘culture-
negative’’). After title and abstract review, 14 studies were
considered for inclusion, and additional references were
identified from review of reference lists.

There areno studies that have reported clinical outcomes for
culture-negative shoulder arthroplasty infections stratified by
antimicrobials used. There are limited observational data on
empirical antimicrobial treatment options for patients
with nonshoulder PJIs. Antimicrobials for culture-
negative infections should be selected in light of suspected
organisms and their typical antimicrobial resistance profiles,
drug tissue penetration including bone penetration, bioavail-
ability if oral antimicrobials are selected, host factors including
comorbidities and allergies, and safety considerations. Prior
antimicrobial exposure may inform about organisms sup-
pressed from culture growth. Additional considerations
include the type of surgical procedure, such as whether hard-
ware is retained or exchanged, and the use of antimicrobial-
laden cement. In the shoulder, most culture-positive subacute
and chronic infections are due to coagulase-negative staphy-
lococci and Cutibacterium species.56,129,137 There is limited
evidence in nonshoulder arthroplasty settings of good out-
comes with vancomycin64,161 and cephalosporins.75,161 Most
studies in the nonshoulder literature did not find culture
negativity to be a poor prognostic factor,26,65,75,83,84,89,161

although 1 study155 did find worse outcomes in culture-
negative knee PJI treated with irrigation and d�ebridement.

The addition of rifampin may be considered if there is
strong suspicion for gram-positive infection, particularly
staphylococcal, and in the setting of maintained hard-
ware.165 Synergy in the laboratory has been shown with
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rifampin for Cutibacterium46; however, there is insufficient
clinical experience of rifampin in the treatment of Cuti-
bacterium infection to endorse its use.67 Rifampin should
never be used in monotherapy as resistance rapidly
emerges. Rifampin should be used with careful monitoring
for drug toxicity and drug interactions.

Prior antimicrobial exposure is a strong risk factor for
culture negativity.65,94,161 When infection is suspected, an-
tibiotics should be withheld before surgery whenever
possible to reduce the likelihood of culture-negative infec-
tion. Whether a single dose of perioperative antimicrobial
prophylaxis reduces the yield of organisms in low-burden
infection is uncertain. Two small randomized studies of hip
and knee PJI suggest that a single dose of perioperative
antibiotic therapy does not reduce operative culture
yield.117,147 Multiple operative samples should also be
collected to increase the overall culture yield and to guard
against placing too much emphasis on a single positive cul-
ture that might be a contaminant.9,49 Aseptic inflammation
and unusual organisms should also be considered in the dif-
ferential diagnosis of the culture-negative infection. In these
cases, with concern for infection, pathologic examination
may help identify granulomas or other signs of atypical
infection; thus, sending tissue samples for pathologic ex-
amination is recommended to assist in properly interpreting
any culture results. In the appropriate clinical and epidemi-
ologic context, for example, in immunocompromised hosts
and in the setting of penetrating trauma, fungal and myco-
bacterial cultures should also be considered.
Bone graft

Question 15: Should bone graft or cement be removed
during treatment of acute shoulder PJI?

Recommendation:
Unknown. There are no reported investigations to

guide the decision-making process regarding how to
manage cement or autograft bone in the setting of
shoulder PJI.

Level of evidence: No evidence
Delegate vote: Agree: 90%, Disagree: 5%, Abstain:

5% (Super Majority, Strong Consensus)
Rationale:
There is no current literature to guide evidence-based

recommendations regarding how to manage autograft bone
or cement in the setting of acute infection after primary
shoulder arthroplasty (Supplementary data). In addition, it is
unknown whether complete removal of this material is
necessary to eradicate shoulder PJI. The goal of surgical
intervention in the setting of PJI is to d�ebride any material
that may result in persistent infection, including surfaces
with biofilm. Complete removal of autograft bone or cement
at times can be extremely difficult and can result in
significant bone loss, especially if bone graft was used to
reconstruct glenoid bone deficiency. A long-stem, cemented,
well-fixed humeral stemmay require a humeral osteotomy or
cortical window for complete cement removal, which adds
significant additional morbidity to the revision procedure.

The significance of retaining these materials is unclear, and
investigation is needed to understand the risks associated with
incomplete removal of cement or bone graft and what risks of
recurrent PJI are associated with this practice to avoid the
complications that come with complete removal of these ma-
terials. In addition, it is unknown whether retention of this
material requires a change in the postoperative antibiotic
management. Finally, it is also unknown how different bacte-
rial species and antibiotic sensitivity profilesmay influence the
successful treatment of PJI. Future investigation is required to
answer this question in an evidence-based fashion to develop a
treatment algorithm for which cases can predictably be suc-
cessful with retention of cement or graft and which settings
require complete removal of all graft and cement materials.

Question 16: Should bone graft or cement be removed
in treatment of subacute or chronic shoulder PJI?

Recommendation:
Unknown. There are no reported investigations to

guide the decision-making process regarding how to
manage cement or autograft bone in the setting of
shoulder PJI. An attempt should be made to remove all
loose, necrotic, and foreign material.

Level of evidence: Consensus
Delegate vote: Agree: 100%, Disagree: 0%, Abstain:

0% (Unanimous, Strongest Consensus)
Rationale:
Refer to the rationale for Question 15.
Component retention

Question 17: Is there a role for irrigation and
d�ebridement with implant retention in treatment of
acute shoulder PJI?

Recommendation:
There is insufficient high-quality evidence to support

or to discourage the use of irrigation and d�ebridement
with implant retention in treatment of acute shoulder
PJI.

Level of evidence: Limited
Delegate vote: Agree: 96%, Disagree: 4%, Abstain:

0% (Unanimous, Strongest Consensus)
Rationale:
There are few data provided by systematic search

(Supplementary data) demonstrating the outcome or
infection-free implant survivorship for the treatment of



Periprosthetic shoulder infection: management S81
acute shoulder PJI with irrigation and d�ebridement and
implant retention. To date, there are only 37 patients (38
shoulders) with outcomes after this procedure described in
the literature.29,36,107,114 These studies, all level IV retro-
spective case series, demonstrated a 50% failure rate
(defined as continued infection) and the requirement for
additional treatment. Three of 4 studies treated acute,
subacute, and chronic infections with this technique, but the
sample size was too small to analyze how timing of
infection influences outcomes.29,107,114

Jacquot et al68 found that 1 of 2 shoulders classified as
chronic PJI, 2 of 4 shoulders classified as subacute PJI, and 2
of 7 shoulders classified as acute PJI had recurrent infection
requiring additional treatment. The study of Dennison et al36

was the only study that specifically compared the outcome of
acute (surgerywithin 6weeks after index arthroplasty and<3
weeks of symptoms) and delayed onset/delayed acute cases
(>6 weeks after index arthroplasty with <3 weeks of
symptoms). This retrospective level IV case series examined
9 patients (10 shoulders) and found that 3 of 10 had recurrent
infection requiring resection arthroplasty (mean follow-up,
4.1 years; range, 0.58-12.8 years). The method of irrigation
and d�ebridement varied in this study, with 3 performed
arthroscopically and 7 open. All of the patients requiring
resection had irrigation and d�ebridement performed open; the
numbers were too small to perform any meaningful analysis
of how this may influence outcomes or infection-free survi-
vorship. In addition, 6 of 10 shoulders were maintained on
chronic suppressive antibiotics indefinitely without explana-
tion of why the authors selected this treatment.

Further research will be needed to determine how irri-
gation and d�ebridement with implant retention plays a role
in the treatment of shoulder PJI. Specific attention to
answer the questions regarding the effect of the pathogen
and the antibiotic sensitivity profile, surgical approach
(open or arthroscopic), timing from presentation and index
arthroplasty, need for exchange of modular component
parts, and antibiotic use (type, duration, and method of
delivery) will be critical to guide these treatment decisions.

Question 18: What are the indications for irrigation
and d�ebridement with component retention in subacute
or chronic shoulder PJI?

Recommendation:
Irrigation and d�ebridement with component reten-

tion alone for subacute or chronic shoulder PJI in the
literature is less successful than component explantation
but may play a role in select patients.

Level of evidence: Limited
Delegate vote: Agree: 96%, Disagree: 0%, Abstain:

4% (Unanimous, Strongest Consensus)
Rationale:
A systematic review was performed using PubMed and

Google Scholar databases in February 2018 to identify
studies of treatment outcomes after shoulder arthroplasty.
The keywords included ‘‘shoulder AND (replacement OR
arthroplasty) AND infection.’’ This identified 46 articles
with relevance to surgical treatment of shoulder PJI, 10 of
which described treatment with d�ebridement and implant
retention for subacute or chronic infection.

Irrigation and d�ebridement with component retention
for shoulder PJI in the subacute and chronic setting
is associated with low rates of eradication of
infection.2,17,29,41,68,107,140,144,159,162 Of the 51 surgical cases
identified in studies with a reported eradication rate,
approximately half (n ¼ 24 [47%]) were successfully cured
with d�ebridement alone. The majority of these successful
treatmentswere from2 recent studies that integratedmodular
component exchange with partial component retention.68,144

Stone et al144 described patients with shoulder PJI treated
with 1-stage partial component exchange compared with
patients with 1-stage complete hardware removal and 2-
stage revisions. The greatest success rate was with com-
plete 1-stage revisions (96% eradication of infection)
compared with only 63% eradication for partial 1-stage
revisions. The authors concluded that there are some cir-
cumstances in which retaining a prosthesis may be preferred
(such as well-fixed components) but that the surgeon must
be aware of a higher risk of persistent infection.

A French multicenter study described 32 patients who
underwent revision for infection after reverse shoulder
arthroplasty. Of these, 13 patients underwent d�ebridement,
modular component exchange, and partial component
retention.68 Only 7 patients (54%) were successfully
cleared of infection with d�ebridement alone. However, the
15% complication rate reported with d�ebridement was
lower than that reported for resection (33%), 1-stage revi-
sion (20%), or 2-stage revision (36%). The authors pro-
posed that initial d�ebridement be considered for primary
treatment of infected reverse shoulder arthroplasty, given
that more than half of patients were successfully treated
with relatively few complications.

Primary treatment of subacute or chronic shoulder PJI
with d�ebridement, irrigation, and component retention is an
option, particularly in patients in whom the risks of more
aggressive surgery outweigh the potential benefits. How-
ever, patients and surgeons should be aware that the pub-
lished rate of recurrence is substantially greater with this
strategy compared with 1- or 2-stage revision.

Question 19: Should modular components be
exchanged during irrigation and d�ebridement of acute
shoulder PJI?

Recommendation:
Whereas there is logic in exchanging nonfixed

modular components, such as the bearing surfaces, to
allow thorough irrigation and d�ebridement of the entire
effective joint space and removal of as much biofilm as
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possible, there is insufficient literature to provide clear
guidance.

Level of evidence: Limited
Delegate vote: Agree: 100%, Disagree: 0%, Abstain:

0% (Unanimous, Strongest Consensus)
Rationale:
A thorough search of the PubMed database for

manuscripts addressing the exchange of modular parts
during shoulder irrigation and d�ebridement for acute
PJI was undertaken. Five papers were found that
recorded whether modular components were
exchanged,36,68,107,144,162 totaling 53 patients. The pooled
infection-free survivorship was 65% in the modular
exchange group (19/29) vs. 58% (14/24) in the no-ex-
change group (P [ .77, Fisher exact test).

Three of these papers36,107,162 specified the outcome for
patients with acute d�ebridement and retention with and
without modular exchange. In total, 10 patients underwent
acute d�ebridement and retention of prosthesis without
modular exchange with an infection-free survivorship of
70% (7/10). Eight patients are recorded as having under-
gone polyethylene exchange during d�ebridement of an
acute infection, with an infection-free survivorship of
62.5% (5/8; P > .05).

Question 20: Should modular components be
exchanged during irrigation and d�ebridement of sub-
acute or chronic shoulder PJI?

Recommendation:
We defer to the response for Question 21: Should

well-fixed glenoid components be removed during sur-
gical treatment of subacute or chronic shoulder PJI?

It would seem that the recommendation, although of
limited strength, would be for well-fixed components to be
removed during surgical intervention for subacute or
chronic shoulder PJI. Therefore, it can be extrapolated that
modular components, which can be exchanged to remove
biofilm with far less morbidity than for well-fixed compo-
nents, should likewise be either exchanged or removed and
replaced with an antibiotic spacer.

Level of evidence: No evidence
Question 21: Table I Studies on surgical treatment of subacute an

Study Date Study design I&D and component
retention

No. treated Failed
treatme

Nelson et al106 2016 Systematic review 35 11
Stone et al144 2017 Retrospective case series 15 4
Marcheggiani
Muccioli95

2017 Systematic review 27 8

Jacquot et al68 2015 Retrospective case series 6 3
Total 83 26 (31.

PJIs, Periprosthetic joint infections; I&D, irrigation and d�ebridement; N/A, n
Delegate vote: Agree: 95%, Disagree: 5%, Abstain:
0% (Unanimous, Strongest Consensus)

Question 21: Should well-fixed glenoid components
be removed during surgical treatment of subacute or
chronic shoulder PJI?

Recommendation:
Based on the higher rate of reinfection with compo-

nent retention, we recommend removal of even well-
fixed glenoid components in cases of single-stage revi-
sion for suspected subacute or chronic PJI. Certainly,
there may be cases (ie, high-risk surgical patients) in
which the patient and surgeon may choose to accept the
higher failure rate with component retention to avoid
surgical morbidity introduced by removal of well-fixed
components.

Level of evidence: Limited
Delegate vote: Agree: 100%, Disagree: 0%, Abstain:

0% (Unanimous, Strongest Consensus)
Rationale:
A comprehensive literature review was performed to

identify all studies on surgical treatment of subacute and
chronic shoulder PJI (Supplementary data). In this updated
systematic review, 3 additional studies were identified that
met inclusion and exclusion criteria and added to the data
from the prior systematic review by Nelson et al,106 which
involved a search until April 2014 (Question 21: Table I).
Only the study by Jacquot et al68 defined a subset of pa-
tients treated for subacute or chronic PJI; the other studies
grouped both acute and chronic cases. Based on the avail-
able data (all retrospective), there is clearly a higher failure
rate of treatment when components are retained (31.3%) as
opposed to exchanged by a 1-stage or 2-stage procedure
(<10%).106 Because of this, one must recommend for
treatment of subacute or chronic shoulder PJI with removal
of all, even well-fixed, components. However, these studies
were based on retrospective review of patients treated ac-
cording to the surgeon’s preference, and the features of the
particular infections are not well documented (bacteria,
antibiotic sensitivity). It is possible, perhaps even probable,
that patients treated with implant retention vs. removal may
d chronic shoulder PJIs

1-stage revision 2-stage revision

nt (%)
No. treated Failed

treatment (%)
No. treated Failed

treatment (%)

282 28 97 6
45 2 19 4
77 3 98 14

N/A N/A N/A N/A
3%) 404 33 (8.2%) 214 24 (11.2%)

ot applicable.

Delta:16_
Delta:16_
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have had different infectious presentations that led the
treating surgeon to the chosen approach. Further compar-
ative research is needed on this topic. In addition, there may
be cases (ie, high-risk surgical patients) in which the patient
and surgeon may choose to accept the higher failure rate
with component retention to minimize surgical morbidity.

Question 22: Is there a role for routine exchange of
all well-fixed implants in revision shoulder arthroplasty
without clinical or radiographic signs of infection?

Recommendation:
Unknown. Even in the setting of possible subsequent

UPCs, there is sparse literature on the routine exchange
of well-fixed implants in revision shoulder arthroplasty.

Level of evidence: Limited
Delegate vote: Agree: 96%, Disagree: 0%, Abstain:

4% (Unanimous, Strongest Consensus)
Rationale:
PJI is oneof themost challenging complications of shoulder

arthroplasty.45,128 The difficulty of diagnosis and treatment is
attributed to Cutibacterium acnes, which is a bacterial micro-
organism with low virulence.39 Unlike in knee and hip PJI,
laboratory tests may be inadequate for diagnosis of indolent
shoulder PJI caused by this organism.128 The prevalence of
C. acnes has been reported to be as high as 50% in intra-
operative cultures obtained during revision surgery for a
painful and stiff shoulder arthroplasty.45This determination led
to the definition of a new clinical entity, unexpected positive
intraoperative cultures (UPCs). Because this bacterium is a
member of the normal skin flora of the shoulder region, it is
unknown whether a positive culture should be interpreted as a
contamination or a definitive infection.86,113 Because of the
inadequacy of Gram stain and frozen section and the long in-
cubation time, it is difficult to make a decision about implant
removalduring revision surgery.128Moreover, in the caseof the
well-fixed implant, the explantation procedure can be difficult
and have associated morbidity.57,62,86

There is limited evidence for removal of well-fixed
implants in revision shoulder arthroplasty without clinical
or radiographic signs of infection.120,128 Pottinger et al120

reported that implants may need to be removed in pa-
tients who have risk factors for positive culture as these
cases are more likely to be PJI. Although McGoldrick
et al99 recommended single-stage reimplantation in the
presence of loose implants, they did not comment on
management of well-fixed implants. Similarly, Grosso
et al57 reported low infection recurrence rates with the
removal of all components and single-stage reimplantation
in patients with UPCs. On the other hand, Topolski et al149

and Kelly and Hobgood80 reported high recurrence rates
with the retention of implants. Lutz et al92 evaluated
infection with C. acnes in patients who underwent shoulder,
knee, or hip osteosynthesis or arthroplasty and reported that
the absence of septic findings could not exclude the
presence of infection. They emphasized that implant
removal is important for the successful treatment of C.
acnes infection.
Implant

Question 23: What is the optimal implant for treatment
of acute shoulder PJI: RTSA, anatomic TSA, or
hemiarthroplasty?

Recommendation:
The optimal implant for treatment of acute shoulder

PJI is dependent on the status of the rotator cuff, hu-
meral and glenoid bone stock, and patient factors.

Level of evidence: Limited
Delegate vote: Agree: 96%, Disagree: 0%, Abstain:

4% (Unanimous, Strongest Consensus)
Rationale:
Acute shoulder PJI is most commonly considered to be an

infection presenting within 3 months after index arthroplasty,
as described by Sperling et al.140 There are a number of
options for the treatment of acute PJI, including antibiotic
treatment alone, d�ebridement with or without exchange of
modular components, single-stage complete exchange, 2-stage
exchange with antibiotic spacer, definitive permanent im-
plantation of an antibiotic spacer, and resection arthroplasty.

Results of systematic review (Supplementary data) are
summarized in Question 23: Table I. Of 42 studies, 19
differentiated acute shoulder PJI from subacute or chronic
PJI, with 20% of cases (93/459) in the acute category.
Although there are a fair number of studies that describe
patients with acute PJI, the types of implants explanted and
implanted were not consistently reported or stratified, and
therefore the ability to draw conclusions about reinfection
rates and clinical outcomes is limited. Also, a clear
obstacle in synthesizing the literature is that a consensus
definition for shoulder PJI is not used by these studies,63 and
defining reinfection is highly variable in the literature. Thus,
the choice of optimal implant is difficult to determine. This
review does not include data based on duration of symptoms,
which may play an important role in choice of intervention.

Indications for irrigation and d�ebridement

Irrigation and d�ebridement with component retention or
exchange of modular components is often considered
a reasonable option in acute PJI. The reported
outcomes are variable with regard to reinfection
rates and clinical outcomes (Question 23: Table
II).2,10,25,29,69,71,107,131,140,159,162 In aggregate, these 11
studies reported a 42% recurrence rate for acute PJI
treated with irrigation and d�ebridement (19 of 45
patients). Given these data, the surgeon must weigh the
risks of recurrent infection with the morbidity of implant
removal. The decision of whether to perform irrigation



Question 23: Table I Studies stratified by infection acuity and implant type

Author Journal Year Acuity Procedure(s) Final implant Re-infection by 
implant type

Functional 
by implant 
type

Acute Subacute Chronic Hemi TSA Reverse Spacer Resection
Acherman2

Infection 2013 4 5 7
I&D/partial
Single-stage
Two-stage

NOT DESCRIBED
1 of 4 
recurrence with 
I&D for acute

No 
comparison 
of implant 
types

Amaravathi5 Eur J 
Orthop Surg 
Traum

2012 8 22 14

I&D/partial
Single-stage
Two-stage
Resection

2 1 23

unclear re-
infection rate, 
12 of 44 needed 
revision

No 
comparison 
of implant 
types

Assenmacher8

JSES 2017 1 6 28 Two-stage 19 7 9

5 of 35 
recurrence, not 
stratified by 
acuity/implant

Pain, FE, and 
ER similar 
hemi vs TSA 
vs reverse 
(p=0.76)

Beekman10

JBJS Br 2010 3 7 1 Single-stage 10 1
3 of 3 
recurrence with 
I&D

Median CM 
55

Boileau17

JSES 2013 1 2 4

I&D/partial
Single-stage
Two-stage
Resection

8 3

2 of 2
recurrence with 
I&D, uncertain 
acuity

Likely 
reverse only

Braman20

JSES 2006 1 2 4 Resection 7 Resection only Resection 
only

Buchalter22

JSES 2017 NOT STRATIFIED Two-stage 4 5 10

5 of 19 
recurrence, not 
stratified by 
acuity/implant

No 
comparison 
of implant 
types

Cheung25

Clin Orthop 
Relat Res 2008 6 0 0 I&D/partial 8 4 2 of 6 

recurrence

I&D 
'unsa�sfactory' 
in 5 of 12 
postoperative
hematomas; 
no implant 
types

Coste29

JBJS Br 2004 12 6 24

Antibiotics 
only
I&D/partial
Single-stage
Two-stage
Resection

NOT STRATIFIED

2 of 2 
recurrence with 
arthroscopic 
I&D
4 of 6 
recurrence with 
open I&D -
those that were 
undertaken 
earlier were

No 
comparison 
of implant 
types

successful

Cuff32

JBJS Br 2008 NOT STRATIFIED Single-stage
Two-stage 17 No recurrence

Mean ASES,
57.0; pain, 3.5;
SST, 4.0

Debeer34 Acta Orthop 
Belg 2006 NOT STRATIFIED Resection 7 Resection only Resection 

only
Foruria45

JSES 2013 NOT STRATIFIED I&D/partial 45 61 1
10% recurrence 
but no 
stratification

No 
comparison 
of implant 
types

Ghijselings52

Acta Orthop 
Belg 2013 5 7 5

Two-stage
An�bio�c
spacer
Resection

3 6 8

No 
differentiation 
between 'early' 
and 'acute 
hematogenous'

Pa�ents more 
sa�sfied with
resec�on than 
with an�bio�c
spacer

Grosso57

JSES 2012 NOT STRATIFIED Single-stage 2 7 8 No comparison 
of implant types

No 
comparison 
of implant 
types

Hsu62

JBJS Am 2016 NOT STRATIFIED Single-stage 33 14 1
No recurrence in 
hemi, TSA, or 
reverse

No 
comparison 
of implant 
types

(continued on next page)
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Question 23: Table I Studies stratified by infection acuity and implant type (continued )

Kla�e85

Bone Joint J 2013 4 15 16 Single-stage 19 7
2 of 35 
recurrence, 
acuity unknown

Hemi: CM 
43.3
Hemi with
bipolar head: 
CM 56
Reverse: CM 
61

Lee87

Int Orthop 2018 8 4 0 Two-stage 2 10 No recurrence in 
hemi or reverse

Pain 2.3, 
ASES 64.2, 
CM 66.1

Levy88

Orthopedics 2015 NOT STRATIFIED Spacer 9
No recurrence 
with an�bio�c
spacer

Pain 2.0, SST 
6.3, ASES 
65.8, SANE 
54.6

Mahure93

Orthopedics 2016 NOT STRATIFIED Spacer 9
No recurrence 
with an�bio�c 
spacer

ASES 57

Muh105

JSES 2013 NOT STRATIFIED Resection 22 n/a n/a
Ortmaier107

Eur J 
Orthop Surg 
Traumatol

2014 4 9 7
I&D/partial
Two-stage
Resection

1 14 1 4

2 of 4 
recurrence with 
I&D in acute
3 of 3 
recurrence with 
I&D in subacute

Pellegrini116 Arch 
Orthop 
Trauma 
Surg 2018

NOT STRATIFIED
I&D
An�bio�c
spacer

19 no recurrence CM, 38.3; pain,
1.5; FE, 59.2°, 
Abd, 52.5°

Rispoli130

JBJS Br 2007 NOT STRATIFIED Resection 18 no report of 
recurrence

ASES, 36; SST,
3.1

Romanò131

Int Ortho 2012 9 21 14
Two-stage
Spacer
Resection

NOT STRATIFIED
1 of 5 
recurrence with 
I&D

Not stratified
"Resection 
with poorest 
outcomes"

Sabesan132

Clin Orthop 
Relat Res 2011 8 7 Two-stage 17

1 of 17 
recurrence with 
reverse

Penn, 66.4; FE,
123°; ER, 26°

Sperling139

Clin Orthop 
Relat Res 2001 4 5 23

I&D/partial
Two-stage
Resection

NOT STRATIFIED

1 of 2 
recurrence with 
I&D for acute
2 of 4 
recurrence with 
I&D for 
subacute/chronic

n/a

Stevens141

JSES 2015 NOT STRATIFIED Resection 7 1 of 7 
recurrence n/a

S�ne142

JSES 2010 0 0 30 Spacer
Two-stage 10 1 4 15 0 of 30 

recurrence

Inadequate 
stratification 
to compare 
implant types

Ince66

JBJS Br 2005 NOT STRATIFIED Single-stage 15 1 No recurrence in 
hemi or reverse

Mean CM,
33.6; UCLA,
18.3

Jahoda69 Acta Chir 
Orthop
Traumatol 
Cech

2008 1 3 7 I&D/partial
Two-stage NOT STRATIFIED

2 of 6 recurrent 
with I&D 
(mixed acute 
and subacute)

n/a

Jawa70

JBJS Am 2011 6 14 8 Abx spacer
Two-stage 3 2 10 12 1 recurrence in 5 

of 28 patients

Reverse: 
Flexion 74, 5 
moderate 
pain, 5 severe 
pain
TSA/hemi: 
Flexion 61, 4 
mild pain, 1 
moderate 
pain

Jerosch71 Arch 
Orthop 
Trauma 
Surg

2003 UNCLEAR 
STRATIFICATION

I&D/partial
Two-stage NOT STRATIFIED

0 of 2 
recurrence with 
early I&D

n/a

Kelly80

Clin Orthop 
Relat Res 2009 NOT STRATIFIED Single-stage 1 3 24 No comparison 

of implant types

No 
comparison 
of implant 
types

(continued on next page)
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Question 23: Table I Studies stratified by infection acuity and implant type (continued )

Stone143

JSES 2017 NOT STRATIFIED
I&D/partial
One-stage
Two-stage

STRATIFICATOIN UNCLEAR

4 of 15 
recurrence with 
I&D, uncertain 
acuity

Strickland144

JBJS Br 2008 3 7 9 Two-stage 13 5 1
7 of 19 
recurrence with 
two-stage

No 
comparison 
of implant 
types

Themistocleous147

JSES 2007 NOT STRATIFIED Spacer 4 no stratification n/a
Topolski148

JSES 2006 NOT STRATIFIED Single-stage NOT STRATIFIED n/a n/a
Twiss Semin 

Arthroplasty 2010 NOT STRATIFIED Spacer
Two-stage Stra�fica�on UNCLEAR 0 of 30 

recurrence n/a

Verhelst154

152

JSES 2011 0 4 17 Spacer
Resection 10 11 2 of 21 

recurrence

Inadequate 
stratification 
to compare 
implant types

Weber157

Int Ortho 2011 NOT STRATIFIED
I&D/partial
Two-stage
Resection

NOT STRATIFIED 0 of 1 recurrent 
for I&D

Zavala160

JSES 2012 5 2 0 I&D/partial
Resection 5 2

1 of 4 
recurrence with 
I&D

Zhang161

JSES 2015

NOT STRATIFIED Two stage 2 1 15

No 
comparison 
of implant 
types

Acute Subacute Chronic Hemi TSA Reverse Spacer Resection

TOTAL 93 148 218 TOTAL 179 111 198 86 90
20% 32% 47% 27% 17% 30% 13% 14%

Hemi, hemiarthroplasty; TSA, total shoulder arthroplasty; I&D, irrigation and d�ebridement; FE, forward elevation; ER, external rotation; CM, Constant-

Murley score; ASES, American Shoulder and Elbow Surgeons score; SST, Simple Shoulder Test score; UCLA, University of California–Los Angeles score; N/A,

not applicable; SANE, Single Assessment Numeric Evaluation; Abd, abduction.

Question 23: Table II Success of I&D with component retention or exchange of modular components

Author Journal Year No. undergoing I&D No. recurrent infection

Achermann2 Infection 2013 4 1
Beekman10 JBJS Br 2010 3 3
Cheung25 Clin Orthop Relat Res 2008 6 2
Coste29 JBJS Br 2004 8 6
Jahoda69 Acta Chir Orthop Traumatol Cech 2008 6 2
Jerosch71 Arch Orthop Trauma Surg 2003 2 0
Ortmaier107 Eur J Orthop Surg Traumatol 2014 4 2
Roman�o131 Int Orthop 2012 5 1
Sperling140 Clin Orthop Relat Res 2001 2 1
Weber159 Int Orthop 2011 1 0
Zavala162 JSES 2012 4 1
Total 45 19

I&D, irrigation and d�ebridement
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and d�ebridement may also depend on the acuity of
symptoms, with some studies suggesting low recurrence
when it is performed within 2 weeks of symptom onset,
even when the time between index surgery and symptom
onset is prolonged 29,162 (ie, secondary hematogenous
infection36).
Indications for reverse shoulder arthroplasty

Conversion to reverse shoulder arthroplasty may be
preferred to an anatomic implant in cases of rotator cuff
deficiency and proximal humeral or glenoid bone
loss.29,59,60 In the setting of a shoulder PJI, a thorough
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d�ebridement is required, and this often necessitates
resection of necrotic and infected tissue for adequate
infection control. Both infection and soft tissue loss are
associated with poor functional outcomes after revision
arthroplasty, and the functional outcome after implantation
with an anatomic implant may be compromised by rotator
cuff loss or instability.37,60,76 Some studies report that the
reverse implant appears to better compensate for soft tissue
loss or bone deficiency31,60 and can improve pain control
and functional recovery without a high recurrent infection
rate.10,32,85,87,132

Nevertheless, some reports of treatment with a
reverse shoulder arthroplasty for failed arthroplasty
note suboptimal functional results and a high rate
of complication.13,44,55,68,73,100,141,157 Therefore, hemi-
arthroplasty should be a consideration in cases in which
minimizing complications and further surgery is a priority.48,53

Indications for hemiarthroplasty

In cases of acute shoulder PJI with an intact rotator cuff,
revision to hemiarthroplasty is also a reasonable option
with potentially similar results to reverse arthroplasty in the
setting of infection.8,62,85 In addition, in some cases of
substantial glenoid bone loss, recurrent instability of a
reverse, and patient factors such as noncompliance
precluding implantation of a reverse, conversion to a
hemiarthroplasty48 may be the preferred choice to
minimize intraoperative and postoperative complications.40

Indications for TSA

Whereas better pain relief and functional scores can
be obtained with primary TSA compared with
hemiarthroplasty,6 the rate of polyethylene glenoid compo-
nent loosening in the setting of revision is high.19 In the
setting of acute PJI, conversion to TSA should be strictly
Question 25: Table I Articles specifically concerning resection arth

Author Year No. Failed CMS SST Surgery b

Verhelst156 2011 11 E 2/11 40.4
10 EAS

Rispoli130 2017 18 E 3.1
Stevens142 2015 4 E 1/4 3.3 2 cases ¼

2 cases >
4 EAS 0 6 1.5

Maynou98 2006 10 E 0 28
Braman20 2006 7 E 0 2.2
Ghijselings52 2013 8 E 27.8 2.4

5 EAS 20.6 1

CMS, Constant-Murley score; SST, Simple Shoulder Test; VAS, visual analog

elevation; Abd, abduction; ER, external rotation; E, explantation alone; EAS,

Many data are incomplete because not all ideal data were recorded by the auth

of explantation and antibiotic spacer with explantation alone.
limited to cases in which the rotator cuff is fully intact, gle-
noid bone stock is sufficient, and bacterial burden isminimal.

In select cases, resection arthroplasty20,34,105,130,142 and
indefinite placement of an antibiotic spacer88,93,116 can be
considered for acute PJI.
Resection

Question 24: What are the indications for resection
shoulder arthroplasty in acute PJI?

Recommendation:
There are no available reports on resection shoulder

arthroplasty for acute PJI. At this time, there is no ev-
idence to routinely recommend this treatment for this
indication.

Level of evidence: No evidence
Delegate vote: Agree: 88%, Disagree: 8%, Abstain:

4% (Super Majority, Strong Consensus)
Rationale:
In a systematic search (Supplementary data), no

manuscripts that reported on resection shoulder
arthroplasty for acute PJI were identified. The available
literature has no evidence pertaining to resection
arthroplasty in acute shoulder PJI to provide guidance
on this question.

Question 25: Is there a role for resection shoulder
arthroplasty in the management of subacute or chronic
PJI?

Recommendation:
The available literature does not support specific in-

dications for resection arthroplasty for subacute or
chronic shoulder PJI with information of sufficient
quality to provide guidance. Resection arthroplasty is
roplasty in shoulder PJI, with details as noted

efore resection (No.) VAS ASES FE Abd ER

2.6 85.5� 78.1� 21�

4.5 36 70� 31�

3
5

8.8 20.8 63� 25�

0.4 69 85� 30�

28� 8�

3.6
6

scale; ASES, American Shoulder and Elbow Surgeons score; FE, forward

explantation and antibiotic spacer.

ors (see George et al51). In 3 studies,52,142,156 there are comparison cases
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an acceptable salvage treatment to eradicate shoulder
PJI when revision to a definitive implant is considered
too risky because of the patient’s medical comorbidities
or technical complexity.

Level of evidence: Limited
Delegate vote: Agree: 95%, Disagree: 0%, Abstain:

5% (Unanimous, Strongest Consensus)
Rationale:
There are no prospective studies or randomized trials on

this topic, and all published reports are retrospective case
series (Appendix: Search strategy and Table). In addition,
many of these case series include no other cohort against
which to compare any other form of treatment strategy for
shoulder PJI. The available literature is further limited by
the fact that published series evaluate outcomes with a
variety of methods: pain relief, recorded either as a subset
of a score (eg, the Constant-Murley or American Shoulder
and Elbow Surgeons score) or as a visual analog scale
score; function, recorded either as a subset of a score or by
direct description; and management of infection, recorded
as eradicated, recurrent, or persistent, without clear defi-
nition of diagnostic criteria.

The systematic review by George et al51 of management
strategies for shoulder PJI found 8 papers (83 cases) relating
to resection arthroplasty. The number of cases reported
ranged from5 to 21,with ameandurationof follow-upof 39.8
months (standard deviation: 20.8; range: 19.2-102.6). Infec-
tion was eradicated in 72 of 83 (86.7%), with no difference
(statistical or clinically meaningful) in infection eradication
observed between resection, single-stage exchange, two-
stage exchange, and permanent spacer arthroplasty. Preop-
erative and postoperative functional scores were incom-
pletely reported. Single-stage revision cases had better
preoperative scores than other groups and better outcomes.
Patients reported worse functional scores (Constant-Murley
score) after surgery than before surgery, particularly for
resection arthroplasty. Therewas no consistency in the choice
or duration of antibiotic administration after surgery. Impor-
tantly, the authors pointed out that the limited quality of the
available literature means that it is not possible to provide a
conclusion concerning the indication for one modality over
another if the aim of intervention is to eradicate infection
while optimizing the functional outcome for patients.

In review of the available literature, the majority of PJIs
for which resection is reported as an outcome are
RTSAs.68,105,131 It is not clear whether this relates to the
more challenging reconstructions often encountered after
revision RTSA or perhaps the nature of the population of
RTSA patients, who tend to have more medical comor-
bidities and lower functional demands.

The concept that resection arthroplasty carries the
advantage of being one final surgery should be tempered by
the results showing that 2 d�ebridements were required on
average for infection to be clinically eradicated (mean
follow-up, 20 months).20 Braman et al20 showed that in their
series of 7 patients, whereas the functional scores were
generally poor, all patients were able to perform activities
between the mouth, opposite axilla, and perineum and were
satisfied with the outcome. Other authors, however, have
shown that patient satisfaction is poor overall. Rispoli et al130

reported one-third of cases falling into the lower third of
categories for satisfaction and 16 of 18 cases having an
unsatisfactory outcome by Neer criteria. If preoperative
impairment was not substantial (defined as a Constant-
Murley score of >30), there was no significant improvement
after surgery.68 The same authors considered that reimplan-
tation (whether single- or 2-stage revision) delivered better
functional outcomes than resection arthroplasty.68 Zavala
et al162 concluded that resection is inferior to a
DAIR strategy in providing for function without increasing
the risk of persistent or recurrent infection at a minimum of
12 months of follow-up while also commenting that implant
removal led to potentially revision-limiting bifocal bone
loss. Debeer et al34 recommended resection for the elderly
with PJI and with lower functional expectations. A single
comparative study (unpublished) comparing resection with
staged reimplantation demonstrated that there is benefit for
range of motion if a staged reimplantation could be safely
undertaken with no increased risk of persistent or recurrent
infection.27 Resection arthroplasty for subacute or chronic
PJI may provide some pain relief in approximately one-third
to one-half of cases.24,98,105,130,140,162

There are some technical and prognostic factors that may
affect the patient’s functional outcome and satisfaction.
Retention of the tuberosities appears useful for function,
possibly by reducing the tendency for proximal humeral
migration.156 In addition, there is some debate about how an
antibiotic spacer may compare with resection alone with
respect to eradication of infection and function. Verhelst
et al156 reported that use of a spacer (permanent or tempo-
rary) did not appear to compromise eradication of infection
but also did not necessarily confer benefit for function or pain
relief postoperatively. In contrast, Ghijselings et al,52 in a
comparative series evaluating resection vs. resection plus
antibiotic-impregnated spacer, reported a differential benefit
for spacer with regard to domestic activities, but overall
functional scores and pain relief were no different. In the
setting of bilateral disease, Ueda et al153 concluded that there
is improved function for domestic activities with bilateral
retained antibiotic spacers compared with historical reports
of resection arthroplasties for PJI.

In summary, the functional result is relatively poor, but
the eradication of infection is good (86.7%), especially
considering that patients with resection arthroplasty are
likely to be frail or to have difficult-to-treat pathogens.51 It
remains unclear whether a resection arthroplasty is
preferred to a retained antibiotic-impregnated cement
spacer; some studies suggested a modestly better functional
result with the spacer. Resection arthroplasty is an accept-
able salvage treatment when revision to a definitive implant
is considered too risky because of the patient’s medical
comorbidities or technical complexity of revision surgery.
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Articles specifically concerning resection arthroplasty
in shoulder PJI, with details, are noted in Question 25:
Table I.51,52,142,156
Revision

Question 26: Is there a role for an antibiotic spacer for
the treatment of shoulder PJI?

Recommendation:
An antibiotic-loaded cement spacer may be used as

part of a shoulder 2-stage exchange arthroplasty for local
delivery of high concentration of antibiotics. An anti-
biotic-loaded cement spacer may be used as a definitive
and permanent treatment option in select cases.

Level of evidence: Limited
Delegate vote: Agree: 100%, Disagree: 0%, Abstain:

0% (Unanimous, Strongest Consensus)
Rationale:
Antibiotic-loaded cement spacers can be used in the man-

agement of shoulder periprosthetic infection.28,58,70,101 The
Question 26: Table I Studies examining the role of antibiotic-load

Study No. of patients or
shoulders

Follow-up Antib
the ce

Jerosch and
Schneppenheim71

10 6-30 mo (range) No in

Themistocleous148 4 22 mo Tobra
Vanco

Coffey et al28 16 20.5 mo Genta

Jawa et al70 28 27.6 mo Tobra
Vanco

Stine et al143 30 2.4 yr Tobra
Vanco

Roman�o et al131 32 2.4 yr No in

Levy et al88 9 25 mo Tobra
Vanco

Mahure et al93 9 4 yr Tobra
Vanco
Genta

Pellegrini et al116 19 8 yr Genta
Clinda
Vanco

Padegimas et al110 37 4 yr Tobra
Vanco

Lee et al87 12 40.8 mo Vanco
Torrens et al150 21 Tobra
antibiotic-loaded cement spacer delivers antibiotics to the local
tissues, eliminates dead space, andmaintains soft tissue tension
and shoulder function; for these reasons, it is used as a tem-
porary spacer in 2-stage reimplantation.58,70 Less commonly, it
can be considered a permanent and definitive spacer if the pa-
tient declines further surgery or if the patient is not a good
surgical candidate for the second stage of 2-stage reimplanta-
tion (eg, sick patient, significant bone loss).88,93,116,148

The role of antibiotic-loaded cement spacer in shoulder
PJI has been studied previously in retrospective
cohort studies (Appendix: Search Strategy and Question 26:
Table I). An antibiotic-loaded cement spacer is indicated as
a temporary spacer in the 2-stage treatment of shoulder PJI
in conjunction with IV antibiotics.58,70 However, use as a
definitive and permanent spacer has also been described for
treatment of patients who are at high surgical risk or refuse
the second stage of 2-stage treatment.88,93,116 Jawa
et al70 reported a retrospective review of 28 patients with
infected shoulder arthroplasty who were managed with
antibiotic-loaded cement spacer; 16 patients underwent a
2-stage operation and 12 patients declined the second stage
ed cement spacer in treatment of infected shoulder arthroplasty

iotics used in
ment spacer

Spacer role Recurrence of infection and
complications associated
with spacer

formation Temporary: 8
Permanent: 2

Recurrence: 0%

mycin
mycin

Temporary: 2
Permanent: 2

Recurrence: 0%

micin Temporary: 12
Permanent: 4

Recurrence: 0%

mycin
mycin

Temporary: 16
Permanent: 12

Recurrence: 5 (18%)
Dislocation: 1 (3.5%)
Fracture of spacer: 3 (11%)

mycin
mycin

Temporary: 18
Permanent: 15

Recurrence: 0%

formation Temporary: 17
Permanent: 15

Recurrence: 3% (one in
permanent group)

mycin
mycin

Permanent Recurrence: 0%

mycin
mycin
micin

Permanent Recurrence: 0%
Glenoid erosion: 2 (22%)
Periprosthetic fracture: 1

(11%)
micin
mycin
mycin

Permanent Recurrence: 0%
Glenoid osteolysis: 1 (5.3%)

mycin
mycin

Temporary Spacer revision: 1 (2.7%)
6 positive cultures at second

stage but no clinical signs
of infection

mycin Temporary: 9 Recurrence: 0%
mycin Temporary Revision of spacer: 1

Positive cultures at second
stage: 3 (13.6%)

Delta:23_
Delta:23_
Delta:23_
Delta:23_
Delta:23_
Delta:23_
Delta:23_
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of the procedure. At final follow-up, 5 patients had recur-
rence of infection (18%) and 5 patients had severe pain
(18%). Complications with use of cement spacer included
dislocation (1 patient) and fracture (3 patients). Torrens
et al150 reported a culture-positive rate of 13.6% (3 shoul-
ders) from 22 antibiotic-loaded cement spacers retrieved
during second-stage reimplantation. In contrast to the
studies by Jawa et al and Torrens et al, other investigators
have reported a lower rate of recurrence of infection with
antibiotic-loaded cement spacer. Pellegrini et al116 reported
no recurrence of infection with a definitive antibiotic spacer
in a cohort of 19 low-demand, elderly patients who had
infected shoulder arthroplasties. At a mean follow-up of 8
years, all patients reported satisfactory subjective and
objective outcomes. One patient had glenoid osteolysis with
no adverse effect on functional outcome. Levy
et al88 retrospectively reviewed outcomes in 9 patients with
infected shoulder arthroplasty who elected not to have the
second-stage reimplantation. These patients had acceptable
function with the antibiotic spacer at a mean follow-up of
25 months. There was no recurrence of infection (0%), and
only 1 patient (11%) was unsatisfied with the results.
Mahure et al93 reported no recurrence of infection (0%) in a
retrospective case series of patients with shoulder PJI who
elected antibiotic-loaded cement spacer as a definitive
treatment after the first stage of the two-stage treatment. In a
retrospective study, Roman�o et al131 reviewed 44 patients
with shoulder PJI; 32 patients had treatment with a tem-
porary or permanent antibiotic-loaded spacer. There was 1
recurrence of infection in the definitive spacer group. Lee
et al87 used antibiotic-loaded cement spacer for the first-
stage implantation in 12 patients. All patients received IV
antibiotics followed by the second-stage treatment. There
was no recurrence of infection (0%) at mean follow-up of
41 months. Improved functional outcome with the use of
antibiotic-loaded cement spacer was reported by Jerosch
and Schneppenheim71 in a retrospective review of 10 pa-
tients with shoulder PJI. Patients were able to perform
physical therapy with the antibiotic spacer in situ, and 8
patients underwent the second stage with no reported
recurrence of infection.
Question 27: Table I Reinfection and complication

Patients Reinfection

1-Stage
12 papers 161 patients 5.6% reinfection

6 acute P < .05
13 subacute
8 chronic

2-Stage
27 papers 325 patients 11.4% reinfection

47 acute P < .05
46 subacute
74 chronic

CoNS, coagulase-negative staphylococci; MSSA, methicillin-sensitive Staphylo
There is no consensus on the optimal class of antibiotics
to be used in spacer preparation. Heat-stable antibiotics
(vancomycin, gentamicin, and tobramycin) have been used
alone or in combination. Spacer design and patient-specific
anatomic features have also been studied with regard to
infection clearance and patient satisfaction. Padegimas
et al110 retrospectively compared stemless and stemmed
antibiotic spacers in a cohort of 37 patients with shoulder
PJI. They found no difference between the 2 types of
spacers with respect to their ability to control infection and
the percentage transition (70% in both groups) to second-
stage reimplantation. There are insufficient data to compare
handmade vs. commercial premade antibiotic-loaded
cement spacers.

Question 27: What are the indications for 1-stage vs.
2-stage exchange arthroplasty in the management of
acute shoulder PJI?

Recommendation:
Unknown. Single-stage exchange for shoulder PJI

has a statistically significant lower reinfection rate and
lower complication rate than 2-stage exchange in
aggregate; however, no studies exist directly comparing
these treatments for acute shoulder PJI.

Level of evidence: Limited
Delegate vote: Agree: 96%, Disagree: 4%, Abstain:

0% (Unanimous, Strongest Consensus)
Rationale:
Shoulder PJI is a devastating complication with signifi-

cant morbidity. The incidence of PJI after primary shoulder
arthroplasty has a reported range of 1%-4% and up to 4%-
15% after revision arthroplasty.29,109 Historically, treatment
of shoulder PJI has been influenced by evidence from hip
and knee arthroplasty infection management experi-
ence.51,106 Two-stage exchange arthroplasty with implant
removal, irrigation and d�ebridement, and insertion of anti-
biotic spacer followed by delayed reimplantation has been
suggested as the ‘‘gold standard’’ for shoulder PJI.51

However, single-stage exchange has also been advocated
Pathogens Constant score Complications

72 C. acnes 49.1 12.70%
29 CoNS 44 patients 79 patients
20 MSSA P < .11 P < .05
3 MRSA

68 C. acnes 51.1 21.90%
64 CoNS 102 patients 205 patients
33 MRSA P < .05 P < .05
56 MSSA

coccus aureus; MRSA, methicillin-resistant Staphylococcus aureus.
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Question 27: Table II Functional outcome

Neer (total) ASES score (mean) SST (mean) DASH FF (mean) Abd (mean) ER (mean)

1-Stage
12 papers 1, 7, 2 60.5 7.8 N/A 78.2� 52.4� 25.4�

10 patients 50 patients 27 patients None 57 patients 42 patients 59 patients
2-Stage

27 papers 22, 33, 32 67.6 4.1 57.7 98.9� 52.4� 29.2�

87 patients 101 patients 32 patients 15 patients 194 patients 72 patients 144 patients

ASES, American Shoulder and Elbow Surgeons; SST, Simple Shoulder Test; DASH, Disabilities of the Arm, Shoulder, and Hand; FF, forward flexion; Abd,

abduction; ER, external rotation; N/A, not applicable.
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to achieve similar infection control with a single opera-
tion.10,66,85 The purpose for this review was to understand
the roles of single-stage and 2-stage exchange revision in
the setting of acute shoulder PJI and to compare the
outcomes.

In this review, varying studies collected demographics,
timing of infection, associated pathogens, surgical
treatment, antibiotics, eradication rate for infection,
surgical complications, and functional outcomes with
2-year follow-up minimum. In a literature review
(Supplementary data), we identified 12 articles that
evaluated 1-stage exchange and 27 articles that evaluated
2-stage exchange.

To address the stated question, we reviewed data on
acute shoulder PJI pertaining to infection eradication using
single-stage or 2-stage exchange and additional functional
outcomes, which are summarized in Question 27: Tables I
and II. In total, 161 cases were identified with single-
stage revision and 325 cases with 2-stage revision. The
majority of studies reported timing of infection but few
reported the success of treatment with either single-stage or
2-stage exchange based on timing of infection. Beekman
et al10 reported on 3 cases of acute PJI treated with single-
stage exchange with no cases with reinfection. Two addi-
tional studies with a total of 3 cases of acute PJI found that
no patients had reinfection.66,68 Buchalter et al22 reported 1
case of acute PJI treated with 2-stage reconstruction that
had no reinfection. Acherman et al2 reported 1 case of acute
PJI that failed treatment with 2-stage exchange and had
persistent infection.

This review highlights gaps in current literature. All
studies identified were retrospective and thus have substan-
tial selection bias. Whereas the findings in aggregate suggest
that single-stage exchange is a viable option for acute PJI, the
numbers were small, and there are no studies that control for
various risk factors and selection biases, such as the partic-
ular pathogen, antibiotic resistance profile, timing of infec-
tion, or diagnostic features like obvious clinical findings of
infection. Furthermore, there are insufficient numbers of
studies that provide analysis for treatment of acute shoulder
PJI using either single-stage or 2-stage exchange with regard
to complications or functional outcomes.

Question 28: What are the indications for 1-stage vs.
2-stage revision in subacute or chronic shoulder PJI?

Recommendation:
The indications for single-stage vs. 2-stage exchange

are unclear at this time. The pooled data demonstrate
single-stage exchange to be superior to 2-stage ex-
change, but this may be a result of selection bias and
other factors.

Level of evidence: Limited
Delegate vote: Agree: 96%, Disagree: 0%, Abstain:

4% (Unanimous, Strongest Consensus)
Rationale:
The purpose of this review was to understand and to

compare the role of single-stage and 2-stage exchange for
the treatment of shoulder PJI. Two-stage exchange arthro-
plasty with implant removal, irrigation and d�ebridement,
insertion of antibiotic spacer, and antibiotic
treatment followed by reimplantation has been suggested
as the gold standard for treatment of shoulder PJI.51 In a
comprehensive literature review (Supplementary data), we
identified 12 articles that evaluated 1-stage exchange and
27 articles that evaluated 2-stage exchange. The majority
of papers reported preoperative laboratory values for
diagnosis of PJI based on elevated WBC count, CRP level,
and ESR. Clinical findings, such as draining sinus, ery-
thema, or swelling, were inconsistently reported. Most
studies reported the number of joint aspirations performed
with positive results for microbial growth. Although
there was inconsistent reporting of timing of infection,
the majority of studies that reported timing of infection
used terms from Sperling et al140 and Strickland et al,145

with acute meaning <3 months, subacute 3-12 months,
and chronic >12 months. There was consistent reporting of
the pathogens found either preoperatively or intra-
operatively. Cutibacterium acnes was the most
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Question 28: Table I Reinfection and complications for single-stage exchange

Cases Reinfection rate Pathogens Constant score (mean) Complication rate

161 total 5.6% (P < .001) 72 C. acnes 49.1 (P < .11) 12.7% (P < .001)
13 subacute 29 CoNS
8 chronic 20 MSSA

3 MRSA

CoNS, coagulase-negative staphylococci; MSSA, methicillin-sensitive Staphylococcus aureus; MRSA, methicillin-resistant Staphylococcus aureus.

Question 28: Table II Reinfection and complications for 2-stage exchange

Cases Reinfection rate Pathogens Constant score (mean) Complication rate

325 total 11.4% (P < .001) 88 C. acnes 51.1 (P < .05) 21.9% (P < .001)
46 subacute 64 CoNS
74 chronic 33 MSSA

56 MRSA

CoNS,coagulase-negative staphylococci; MSSA, methicillin-sensitive Staphylococcus aureus; MRSA, methicillin-resistant Staphylococcus aureus.
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common organism identified in 160 cases, followed by
coagulase-negative Staphylococcus species in 93
cases.68,85,93,106,107,109,132,137,140,145,159 There were 57
reported cases of polymicrobial cultures and 27 cultures
that resulted in no growth.68,85,93,106,107

To address the stated question, we reviewed studies in
aggregate for subacute and chronic infection treated with
either single-stage or 2-stage revision summarized in the
Supplementary data (Question 28: Tables I and II). Four
studies directly compared revision success rate for
shoulder PJI with single-stage exchange in subacute or
chronic presentation. The reinfection rate was 12.5% for
chronic cases and 5.3% for subacute cases.10,66,68

Regarding two-stage exchange, three studies specifically
reported success rates for either sub-acute or chronic
shoulder PJI. Reinfection rate was 6.3% for chronic PJI
and 29.4% for subacute PJI treated with 2-stage
exchange.66,68,140 Several other studies reported the
timing of infection but did not compare revision failure
rates according to the subgroups of acute, subacute, and
chronic PJI. In aggregate, using a frequency-weighted
mean, the reinfection rate was 5.6% for single-stage
exchange compared with 11.4% for 2-stage exchange,
which was statistically significant (P < .001).

Analyses of complications related to single-stage or
2-stage exchange in acute, subacute, or chronic infection
were limited. In aggregate, all surgical complications
reported include aseptic loosening, fracture, nerve palsy,
dislocation, and hematoma. Our systematic review found a
12.7% complication rate for single-stage exchange
compared with a 21.9% complication rate for 2-stage
exchange, which was statistically significant (Question 28:
Tables I and II). Although this finding suggests that patients
undergoing 2-stage exchange have 1.72 times the risk of
intraoperative or postoperative complication, the analysis
was not able to account for treatment selection bias. The
selection bias cannot be overemphasized as it very well
may be that cases with more severe infections were
preferentially treated with 2-stage revision, whereas less
severe infections were treated with single-stage revision.

Frequency-weighted mean Constant-Murley score was
49.1 for single-stage patients and 51.1 for 2-stage exchange
patients, which was similar to previous findings.66,106 In the
single-stage studies, a total of 57 patients had 78.2� of
forward flexion, 42 patients had 52.4� of abduction, and 59
patients had 25.4� of external rotation. Two-stage exchange
papers reported that 194 patients had 98.9� of forward
flexion, 72 patients had 52.4� of abduction, and 144
patients had 29.2� of external rotation. No studies
compared the timing of infection and treatment with
single-stage or 2-stage revision.

All studies identified are retrospective and thus contain
significant selection bias. Whereas our findings in aggregate
suggest that single-stage exchange is a viable option for PJI,
there are few studies that address reinfection associated with
various risk factors, such as pathogens, timing of infection,
and diagnostic features like obvious clinical findings of
infection. Thus, we cannot make a strong recommendation
for use of single-stage exchange in place of 2-stage exchange
for shoulder PJI without further investigation.

Question 29: Is there a role for preoperative joint
aspiration before reimplantation during 2-stage ex-
change for shoulder PJI?

Recommendation:
There is a dearth of information on the role of pre-

operative joint aspiration before second-stage revision
after treatment of shoulder PJI. Furthermore, several
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studies have pointed to the high incidence of ‘‘dry taps’’
and false-negative cultures from joint aspirates. Thus,
there is little evidence in support of routine preoperative
aspiration before second-stage reimplantation.

Level of evidence: Limited
Delegate vote: Agree: 88%, Disagree: 4%, Abstain:

8% (Super Majority, Strong Consensus)
Rationale:
Controversy remains regarding the best surgical treat-

ment of shoulder PJI. The literature documents in-
terventions including open d�ebridement with component
retention or liner exchange, single-stage reimplantation
comprising removal of all components and immediate
reimplantation after thorough d�ebridement and lavage,
resection arthroplasty after removal of all components, and
2-stage reimplantation. The last involves a first stage that
includes removal of all components followed by
d�ebridement and in many cases insertion of an antibiotic-
impregnated polymethyl methacrylate cement spacer for
local antibiotic delivery and preservation of soft tissue
tension. The patient is then treated with IV (sometimes
followed by oral) antibiotics and monitored, typically with
serial serologic evaluation, before the second operation
(second-stage revision), at which time the spacer is
removed and new components are reimplanted.

In patients who undergo 2-stage reimplantation for
shoulder PJI, shoulder joint aspiration or arthrocentesis
before second-stage revision is one method to evaluate for
persistent infection after the first-stage explantation and
subsequent antibiotic treatment. The aspirate can be sent
for culture, leukocyte cell count and differential, and
analysis of biomarkers such as alpha defensin. Shoulder
aspiration is an established diagnostic tool and is
commonly used (although not routinely) as part of the
workup of PJI.

However, there is little published information (search
criteria are documented in the Supplementary data) on the
use of shoulder aspiration before second-stage revision. In
addition, there are no data documenting an advantage of
shoulder aspiration over no aspiration or any alternative
diagnostic tool for shoulder PJI. Sabesan et al132 reported
that 12 of 17 patients had aspiration before the first stage of
reimplantation. Fluid was obtained for culture in 10, and 6
had positive cultures. Before the second stage, persistent
infection was ruled out with preoperative ESR, CRP level,
WBC count, and negative preoperative aspirate. One of the
17 patients had intraoperative frozen section that was
positive for acute inflammation and had repeated treatment
of infection. Two small case series studies recommended
preoperative aspiration before consideration of second-
stage revision, but only in cases with persistently elevated
CRP level and WBC count.52,159 Buchalter et al22 have
described their algorithm for 2-stage reimplantation for
shoulder PJI but do not mention shoulder aspiration as a
factor in their timing of second-stage revision. Patients
were offered a second-stage reimplantation if they had no
clinical signs of infection and their inflammatory markers
normalized.

If shoulder joint aspiration is considered in the evalua-
tion for PJI, it is typically recommended to hold antibiotics
for at least 14 days before aspiration.52,154,159 A negative
culture of fluid aspirate or dry aspirate is not diagnostic of a
resolved infection on the basis of studies that include pre-
operative shoulder aspirations.57,154

Question 30: Is there a role for pre-reimplantation
open or arthroscopic tissue biopsy in the evaluation
during 2-stage exchange of shoulder PJI?

Recommendation:
Unknown. There is one level IV study suggesting that

open biopsy before second-stage revision for shoulder
PJI can identify patients with persistent infection who
may benefit from subsequent repeated irrigation and
d�ebridement before second-stage reimplantation.

Level of evidence: Limited
Delegate vote: Agree: 100%, Disagree: 0%, Abstain:

0% (Unanimous, Strongest Consensus)
Rationale:
PubMed and Embase were searched from 1980 to January

2018 to identify studies evaluating preoperative open or
arthroscopic tissue biopsy before second-stage revision
shoulder arthroplasty during treatment of shoulder PJI. A
secondary search of the references of included studies was
also conducted. One article was selected for inclusion. Ar-
ticles regarding hip and knee arthroplasty were excluded.

Zhang et al163 reported a level IV case series in which they
performed open biopsy before second-stage revision for
treatment of shoulder PJI or osteomyelitis after shoulder
surgery. Eighteen patients (11 shoulder PJIs) were included.
Patients were treated with a standard protocol including
irrigation and d�ebridement, removal of implants, antibiotic
spacer placement, and antibiotic therapy for 6 weeks based
on culture results and infectious disease service recommen-
dations. At a minimum 4 weeks after completion of antibi-
otics, patients were re-evaluated to ensure that no clinical
signs of infection were present and ESR and CRP level had
normalized. The patients underwent open biopsy through a
deltopectoral incision to obtain at least 3 soft tissue and bone
cultures from tissue from the bone-antibiotic spacer inter-
face. If cultures were negative for 7-14 days, patients un-
derwent reimplantation. If cultures were positive, patients
instead underwent repeated irrigation and d�ebridement with
antibiotic spacer exchange, and the protocolwas repeated. Of
the 18 patients, 4 (22%) had positive cultures indicative of
persistent infection, with a 38% persistent infection rate for
individuals infected with C. acnes. One patient had positive
cultures on the second open biopsy and underwent a second
spacer exchange before finally obtaining a negative result of
the third biopsy and undergoing reimplantation.C. acneswas
the most common pathogen, present in 44% of the index
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shoulder PJIs. Among persistent infections, 3 of 4 patients
(75%) had C. acnes, and the patient requiring 2 spacer ex-
changes had C. acnes on each occasion. At a mean of 24-
month follow-up (range, 12-36 months), all 18 patients
were reimplanted (2 hemiarthroplasties, 1 TSA, 15 RTSAs)
and noted to be clinically infection free with average
American Shoulder and Elbow Surgeons score of 71.

This study is limited in its level IV design and small
sample size. Furthermore, patients undergoing 2-stage revi-
sion had variable index procedures from which they devel-
oped shoulder infection, including 1 open reduction–internal
fixation proximal humerus fracture, 3 hemiarthroplasties, 6
rotator cuff repairs, 5 TSAs, and 3 RTSAs. There is no
comparison group of patients who did not undergo open
biopsy and no comparison to alternative methods, such as
shoulder aspiration or arthroscopic biopsy.

The role of open biopsy prior to reimplantation during a
two-stage exchange arthroplasty remains unclear.
Disclaimer
Grant E. Garrigues and Andrew Green or their imme-
diate families received financial payments or other
benefits from Wright Medical and DJO Global.

Many contributed to defray the cost of the meeting
and delegates attending. Please see ICM website for a
complete list.

The other authors, their immediate families, and any
research foundations with which they are affiliated have
not received any financial payments or other benefits
from any commercial entity related to the subject of this
article.
Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.jse.2019.04.015.
References
1. Achermann Y, Goldstein EJ, Coenye T, Shirtliffa ME. Propioni-

bacterium acnes: from commensal to opportunistic biofilm-

associated implant pathogen. Clin Microbiol Rev 2014;27:419-40.

https://doi.org/10.1128/CMR.00092-13

2. Achermann Y, Sahin F, Schwyzer HK, Kolling C, W€ust J, Vogt M.

Characteristics and outcome of 16 periprosthetic shoulder joint in-

fections. Infection 2013;41:613-20. https://doi.org/10.1007/s15010-

012-0360-4

3. Akg€un D, Trampuz A, Perka C, Renz N. High failure rates in

treatment of streptococcal periprosthetic joint infection: results from

a seven-year retrospective cohort study. Bone Joint J 2017;99-B:653-

9. https://doi.org/10.1302/0301-620X.99B5.BJJ-2016-0851.R1

4. Alentorn-Geli E, Samitier G, Torrens C, Wright TW. Reverse

shoulder arthroplasty. Part 2: systematic review of reoperations,
revisions, problems, and complications. Int J Shoulder Surg 2015;9:

60-7. https://doi.org/10.4103/0973-6042.154771

5. Amaravathi RS, Kany J, Melet M, Katz D, Sauzieres P, Valenti P,

et al. Analysis of infection in shoulder arthroplasty: a multicentre

study. Eur J Orthop Surg Traumatol 2012;22:145-50. https://doi.org/

10.1007/s00590-011-0806-x

6. Antuna SA, Sperling JW, Cofield RH, Rowland CM. Glenoid revi-

sion surgery after total shoulder arthroplasty. J Shoulder Elbow Surg

2001;10:217-24. https://doi.org/10.1067/mse.2001.113961

7. Ariza J, Cobo J, Baraia-Etxaburu J, Benito N, Bori G, Cabo J, et al.

Executive summary of management of prosthetic joint infections.

Clinical practice guidelines by the Spanish Society of Infectious

Diseases and Clinical Microbiology (SEIMC). Enferm Infecc

Microbiol Clin 2017;35:189-95. https://doi.org/10.1016/j.eimc.2016.

08.012

8. Assenmacher AT, Alentorn-Geli E, Dennison T, Baghdadi YM,

Cofield RH, S�anchez-Sotelo J, et al. Two-stage reimplantation for the

treatment of deep infection after shoulder arthroplasty. J Shoulder

Elbow Surg 2017;26:1978-83. https://doi.org/10.1016/j.jse.2017.05.

005

9. Atkins BL, Athanasou N, Deeks JJ, Crook DW, Simpson H,

Peto TE, et al. Prospective evaluation of criteria for microbio-

logical diagnosis of prosthetic-joint infection at revision arthro-

plasty. The OSIRIS Collaborative Study Group. J Clin Microbiol

1998;36:2932-9.

10. Beekman PD, Katusic D, Berghs BM, Karelse A, De Wilde L. One-

stage revision for patients with a chronically infected reverse total

shoulder replacement. J Bone Joint Surg Br 2010;92:817-22. https://

doi.org/10.1302/0301-620X.92B6.23045

11. Benito N, Franco M, Ribera A, Soriano A, Rodriguez-Pardo D,

Sorl�ı L, et al. Time trends in the aetiology of prosthetic joint in-

fections: a multicentre cohort study. Clin Microbiol Infect 2016;22:

732.e1-e8. https://doi.org/10.1016/j.cmi.2016.05.004

12. Berbari EF, Marculescu C, Sia I, Lahr BD, Hanssen AD,

Steckelberg JM, et al. Culture-negative prosthetic joint infection.

Clin Infect Dis 2007;45:1113-9. https://doi.org/10.1086/522184

13. Black EM, Roberts SM, Siegel E, Yannopoulos P, Higgins LD,

Warner JJP. Reverse shoulder arthroplasty as salvage for failed

prior arthroplasty in patients 65 years of age or younger. J

Shoulder Elbow Surg 2014;23:1036-42. https://doi.org/10.1016/j.

jse.2014.02.019

14. Bohsali KI, Bois AJ, Wirth MA. Complications of shoulder arthro-

plasty. J Bone Joint Surg Am 2017;99:256-69. https://doi.org/10.

2106/JBJS.16.00935

15. Bohsali KI, Wirth MA, Rockwood CA. Complications of total

shoulder arthroplasty. J Bone Joint Surg Am 2006;88:2279-92.

https://doi.org/10.2106/JBJS.F.00125

16. Boileau P. Complications and revision of reverse total shoulder

arthroplasty. Orthop Traumatol Surg Res 2016;102(Suppl):S33-43.

https://doi.org/10.1016/j.otsr.2015.06.031

17. Boileau P, Melis B, Duperron D, Moineau G, Rumian AP, Han Y.

Revision surgery of reverse shoulder arthroplasty. J Shoulder Elbow

Surg 2013;22:1359-70. https://doi.org/10.1016/j.jse.2013.02.004

18. Bonnevialle N, Dauz�eres F, Toulemonde J, Elia F, Laffosse JM,

Mansat P. Periprosthetic shoulder infection: an overview. EFORT

Open Rev 2017;2:104-9. https://doi.org/10.1302/2058-5241.2.

160023

19. Bonnevialle N, Melis B, Neyton L, Favard L, Mol�e D, Walch G, et al.

Aseptic glenoid loosening or failure in total shoulder arthroplasty:

revision with glenoid reimplantation. J Shoulder Elbow Surg 2013;

22:745-51. https://doi.org/10.1016/j.jse.2012.08.009

20. Braman JP, Sprague M, Bishop J, Lo IK, Lee EW, Flatow EL. The

outcome of resection shoulder arthroplasty for recalcitrant shoulder

infections. J Shoulder Elbow Surg 2006;15:549-53. https://doi.org/

10.1016/j.jse.2005.11.001

https://doi.org/10.1016/j.jse.2019.04.015
https://doi.org/10.1128/CMR.00092-13
https://doi.org/10.1007/s15010-012-0360-4
https://doi.org/10.1007/s15010-012-0360-4
https://doi.org/10.1302/0301-620X.99B5.BJJ-2016-0851.R1
https://doi.org/10.4103/0973-6042.154771
https://doi.org/10.1007/s00590-011-0806-x
https://doi.org/10.1007/s00590-011-0806-x
https://doi.org/10.1067/mse.2001.113961
https://doi.org/10.1016/j.eimc.2016.08.012
https://doi.org/10.1016/j.eimc.2016.08.012
https://doi.org/10.1016/j.jse.2017.05.005
https://doi.org/10.1016/j.jse.2017.05.005
http://refhub.elsevier.com/S1058-2746(19)30265-4/sref9
http://refhub.elsevier.com/S1058-2746(19)30265-4/sref9
http://refhub.elsevier.com/S1058-2746(19)30265-4/sref9
http://refhub.elsevier.com/S1058-2746(19)30265-4/sref9
http://refhub.elsevier.com/S1058-2746(19)30265-4/sref9
https://doi.org/10.1302/0301-620X.92B6.23045
https://doi.org/10.1302/0301-620X.92B6.23045
https://doi.org/10.1016/j.cmi.2016.05.004
https://doi.org/10.1086/522184
https://doi.org/10.1016/j.jse.2014.02.019
https://doi.org/10.1016/j.jse.2014.02.019
https://doi.org/10.2106/JBJS.16.00935
https://doi.org/10.2106/JBJS.16.00935
https://doi.org/10.2106/JBJS.F.00125
https://doi.org/10.1016/j.otsr.2015.06.031
https://doi.org/10.1016/j.jse.2013.02.004
https://doi.org/10.1302/2058-5241.2.160023
https://doi.org/10.1302/2058-5241.2.160023
https://doi.org/10.1016/j.jse.2012.08.009
https://doi.org/10.1016/j.jse.2005.11.001
https://doi.org/10.1016/j.jse.2005.11.001


Periprosthetic shoulder infection: management S95
21. Brown SR, Davies WA, DeHeer DH, Swanson AB. Long-term sur-

vival of McKee-Farrar total hip prostheses. Clin Orthop Relat Res

2002:157-63.

22. Buchalter DB, Mahure SA, Mollon B, Yu S, Kwon YW,

Zuckerman JD. Two-stage revision for infected shoulder arthroplasty.

J Shoulder Elbow Surg 2017;26:939-47. https://doi.org/10.1016/j.jse.

2016.09.056

23. Byren I, Bejon P, Atkins BL, Angus B, Masters S, McLardy-Smith P,

et al. One hundred and twelve infected arthroplasties treated with

‘‘DAIR’’ (debridement, antibiotics and implant retention): antibiotic

duration and outcome. J Antimicrob Chemother 2009;63:1264-71.

https://doi.org/10.1093/jac/dkp107

24. Charalambous CP, Saidapur S, Alvi F, Haines J, Trail I. Excision

arthroplasty following shoulder replacement. Acta Orthop Belg 2011;

77:448-52.

25. Cheung EV, Sperling JW, Cofield RH. Infection associated with

hematoma formation after shoulder arthroplasty. Clin Orthop

Relat Res 2008;466:1363-7. https://doi.org/10.1007/s11999-008-

0226-3

26. Choi HR, Kwon YM, Freiberg AA, Nelson SB, Malchau H. Peri-

prosthetic joint infection with negative culture results: clinical

characteristics and treatment outcome. J Arthroplasty 2013;28:899-

903. https://doi.org/10.1016/j.arth.2012.10.022

27. Codd T, Yamaguchi K, Pollock R, Flatow EL, Bigliani LU. Infected

shoulder arthroplasties: treatment with staged reimplantation vs

resection arthroplasty. Orthop Trans 1996;20:59.

28. Coffey MJ, Ely EE, Crosby LA. Treatment of glenohumeral sepsis

with a commercially produced antibiotic-impregnated cement spacer.

J Shoulder Elbow Surg 2010;19:868-73. https://doi.org/10.1016/j.jse.

2010.01.012

29. Coste JS, Reig S, Trojani C, Berg M, Walch G, Boileau P. The

management of infection in arthroplasty of the shoulder. J Bone Joint

Surg Br 2004;86:65-9.

30. Crane JK, Hohman DW, Nodzo SR, Duquin TR. Antimicrobial

susceptibility of Propionibacterium acnes isolates from shoulder

surgery. Antimicrob Agents Chemother 2013;57:3424-6. https://doi.

org/10.1128/AAC.00463-13

31. Cuff DJ, Pupello DR, Santoni BG, Clark RE, Frankle MA. Reverse

shoulder arthroplasty for the treatment of rotator cuff deficiency: a

concise follow-up, at a minimum of 10 years, of previous reports. J

Bone Joint Surg Am 2017;99:1895-9. https://doi.org/10.2106/JBJS.

17.00175

32. Cuff DJ, Virani NA, Levy J, Frankle MA, Derasari A, Hines B, et al.

The treatment of deep shoulder infection and glenohumeral insta-

bility with debridement, reverse shoulder arthroplasty and post-

operative antibiotics. J Bone Joint Surg Br 2008;90:336-42. https://

doi.org/10.1302/0301-620X.90B3.19408

33. Darley ES, Bannister GC, Blom AW, Macgowan AP, Jacobson SK,

Alfouzan W. Role of early intravenous to oral antibiotic switch

therapy in the management of prosthetic hip infection treated with

one- or two-stage replacement. J Antimicrob Chemother 2011;66:

2405-8. https://doi.org/10.1093/jac/dkr277

34. Debeer P, Plasschaert H, Stuyck J. Resection arthroplasty of the

infected shoulder: a salvage procedure for the elderly patient. Acta

Orthop Belg 2006;72:126-30.

35. Del Pozo JL, Patel R. Infection associated with prosthetic joints.

N Engl J Med 2009;361:787-94. https://doi.org/10.1056/NEJ

Mcp0905029

36. Dennison T, Alentorn-Geli E, Assenmacher AT, Sperling JW,

S�anchez-Sotelo J, Cofield RH. Management of acute or late hema-

togenous infection after shoulder arthroplasty with irrigation,

d�ebridement, and component retention. J Shoulder Elbow Surg 2017;

26:73-8. https://doi.org/10.1016/j.jse.2016.05.018

37. Dines JS, Fealy S, Strauss EJ, Allen A, Craig EV, Warren RF, et al.

Outcomes analysis of revision total shoulder replacement. J Bone

Joint Surg Am 2006;88:1494-500. https://doi.org/10.2106/JBJS.D.

02946
38. Dodson CC, Craig EV, Cordasco FA, Dines DM, Dines JS, Dicarlo E,

et al. Propionibacterium acnes infection after shoulder arthroplasty: a

diagnostic challenge. J Shoulder Elbow Surg 2010;19:303-7. https://

doi.org/10.1016/j.jse.2009.07.065

39. Dramis A, Aldlyami E, Grimer RJ, Dunlop DJ, O’Connell N,

Elliott T. What is the significance of a positive Propionibacterium

acnes culture around a joint replacement? Int Orthop 2009;33:829-

33. https://doi.org/10.1007/s00264-008-0534-y

40. Farshad M, Gerber C. Reverse total shoulder arthroplastydfrom the

most to the least common complication. Int Orthop 2010;34:1075-82.

https://doi.org/10.1007/s00264-010-1125-2

41. Farshad M, Gr€ogli M, Catanzaro S, Gerber C. Revision of reversed

total shoulder arthroplasty. Indications and outcome. BMC Muscu-

loskelet Disord 2012;13:160. https://doi.org/10.1186/1471-2474-13-

160

42. Favard L. Revision of total shoulder arthroplasty. Orthop Traumatol

Surg Res 2013;99(Suppl):S12-21. https://doi.org/10.1016/j.otsr.2012.

11.010

43. Fink B, Sevelda F. Periprosthetic joint infection of shoulder arthro-

plasties: diagnostic and treatment options. Biomed Res Int 2017;

2017:4582756. https://doi.org/10.1155/2017/4582756

44. Flury MP, Frey P, Goldhahn J, Schwyzer H-K, Simmen BR. Reverse

shoulder arthroplasty as a salvage procedure for failed conventional

shoulder replacement due to cuff failuredmidterm results. Int

Orthop 2011;35:53-60. https://doi.org/10.1007/s00264-010-0990-z

45. Foruria AM, Fox TJ, Sperling JW, Cofield RH. Clinical meaning of

unexpected positive cultures (UPC) in revision shoulder arthroplasty.

J Shoulder Elbow Surg 2013;22:620-7. https://doi.org/10.1016/j.jse.

2012.07.017

46. Furustrand Tafin U, Corvec S, Betrisey B, Zimmerli W,

Trampuz A. Role of rifampin against Propionibacterium acnes

biofilm in vitro and in an experimental foreign-body infection

model. Antimicrob Agents Chemother 2012;56:1885-91. https://

doi.org/10.1128/AAC.05552-11

47. Galat DD, McGovern SC, Hanssen AD, Larson DR, Harrington JR,

Clarke HD. Early return to surgery for evacuation of a postoperative

hematoma after primary total knee arthroplasty. J Bone Joint Surg

Am 2008;90:2331-6. https://doi.org/10.2106/JBJS.G.01370

48. Gamradt SC, Gelber J, Zhang AL. Shoulder function and pain level

after revision of failed reverse shoulder replacement to hemi-

arthroplasty. Int J Shoulder Surg 2012;6:29-35. https://doi.org/10.

4103/0973-6042.96991

49. Gandhi R, Silverman E, Courtney PM, Lee GC. How many cultures

are necessary to identify pathogens in the management of total hip

and knee arthroplasty infections? J Arthroplasty 2017;32:2825-8.

https://doi.org/10.1016/j.arth.2017.04.009

50. George DA, Logoluso N, Castellini G, Gianola S, Scarponi S,

Haddad FS, et al. Does cemented or cementless single-stage ex-

change arthroplasty of chronic periprosthetic hip infections provide

similar infection rates to a two-stage? A systematic review. BMC

Infect Dis 2016;16:553. https://doi.org/10.1186/s12879-016-1869-4

51. George DA, Volpin A, Scarponi S, Haddad FS, Roman�o CL. Does

exchange arthroplasty of an infected shoulder prosthesis provide

better eradication rate and better functional outcome, compared to a

permanent spacer or resection arthroplasty? A systematic review.

BMC Musculoskelet Disord 2016;17:52. https://doi.org/10.1186/

s12891-016-0901-6

52. Ghijselings S, Stuyck J, Debeer P. Surgical treatment algorithm for

infected shoulder arthroplasty: a retrospective analysis of 17 cases.

Acta Orthop Belg 2013;79:626-35.

53. Glanzmann MC, Kolling C, Schwyzer H-K, Audig�e L. Conversion to

hemiarthroplasty as a salvage procedure for failed reverse shoulder

arthroplasty. J Shoulder Elbow Surg 2016;25:1795-802. https://doi.

org/10.1016/j.jse.2016.03.011

54. Goulet JA, Pellicci PM, Brause BD, Salvati EM. Prolonged sup-

pression of infection in total hip arthroplasty. J Arthroplasty 1988;3:

109-16.

http://refhub.elsevier.com/S1058-2746(19)30265-4/sref21
http://refhub.elsevier.com/S1058-2746(19)30265-4/sref21
http://refhub.elsevier.com/S1058-2746(19)30265-4/sref21
https://doi.org/10.1016/j.jse.2016.09.056
https://doi.org/10.1016/j.jse.2016.09.056
https://doi.org/10.1093/jac/dkp107
http://refhub.elsevier.com/S1058-2746(19)30265-4/sref24
http://refhub.elsevier.com/S1058-2746(19)30265-4/sref24
http://refhub.elsevier.com/S1058-2746(19)30265-4/sref24
https://doi.org/10.1007/s11999-008-0226-3
https://doi.org/10.1007/s11999-008-0226-3
https://doi.org/10.1016/j.arth.2012.10.022
http://refhub.elsevier.com/S1058-2746(19)30265-4/sref27
http://refhub.elsevier.com/S1058-2746(19)30265-4/sref27
http://refhub.elsevier.com/S1058-2746(19)30265-4/sref27
https://doi.org/10.1016/j.jse.2010.01.012
https://doi.org/10.1016/j.jse.2010.01.012
http://refhub.elsevier.com/S1058-2746(19)30265-4/sref29
http://refhub.elsevier.com/S1058-2746(19)30265-4/sref29
http://refhub.elsevier.com/S1058-2746(19)30265-4/sref29
https://doi.org/10.1128/AAC.00463-13
https://doi.org/10.1128/AAC.00463-13
https://doi.org/10.2106/JBJS.17.00175
https://doi.org/10.2106/JBJS.17.00175
https://doi.org/10.1302/0301-620X.90B3.19408
https://doi.org/10.1302/0301-620X.90B3.19408
https://doi.org/10.1093/jac/dkr277
http://refhub.elsevier.com/S1058-2746(19)30265-4/sref34
http://refhub.elsevier.com/S1058-2746(19)30265-4/sref34
http://refhub.elsevier.com/S1058-2746(19)30265-4/sref34
https://doi.org/10.1056/NEJMcp0905029
https://doi.org/10.1056/NEJMcp0905029
https://doi.org/10.1016/j.jse.2016.05.018
https://doi.org/10.2106/JBJS.D.02946
https://doi.org/10.2106/JBJS.D.02946
https://doi.org/10.1016/j.jse.2009.07.065
https://doi.org/10.1016/j.jse.2009.07.065
https://doi.org/10.1007/s00264-008-0534-y
https://doi.org/10.1007/s00264-010-1125-2
https://doi.org/10.1186/1471-2474-13-160
https://doi.org/10.1186/1471-2474-13-160
https://doi.org/10.1016/j.otsr.2012.11.010
https://doi.org/10.1016/j.otsr.2012.11.010
https://doi.org/10.1155/2017/4582756
https://doi.org/10.1007/s00264-010-0990-z
https://doi.org/10.1016/j.jse.2012.07.017
https://doi.org/10.1016/j.jse.2012.07.017
https://doi.org/10.1128/AAC.05552-11
https://doi.org/10.1128/AAC.05552-11
https://doi.org/10.2106/JBJS.G.01370
https://doi.org/10.4103/0973-6042.96991
https://doi.org/10.4103/0973-6042.96991
https://doi.org/10.1016/j.arth.2017.04.009
https://doi.org/10.1186/s12879-016-1869-4
https://doi.org/10.1186/s12891-016-0901-6
https://doi.org/10.1186/s12891-016-0901-6
http://refhub.elsevier.com/S1058-2746(19)30265-4/sref52
http://refhub.elsevier.com/S1058-2746(19)30265-4/sref52
http://refhub.elsevier.com/S1058-2746(19)30265-4/sref52
https://doi.org/10.1016/j.jse.2016.03.011
https://doi.org/10.1016/j.jse.2016.03.011
http://refhub.elsevier.com/S1058-2746(19)30265-4/sref54
http://refhub.elsevier.com/S1058-2746(19)30265-4/sref54
http://refhub.elsevier.com/S1058-2746(19)30265-4/sref54


S96 G.E. Garrigues et al.
55. Groh GI, Groh GM. Complications rates, reoperation rates, and the

learning curve in reverse shoulder arthroplasty. J Shoulder Elbow

Surg 2014;23:388-94. https://doi.org/10.1016/j.jse.2013.06.002

56. Grosso MJ, Frangiamore SJ, Yakubek G, Bauer TW, Iannotti JP,

Ricchetti ET. Performance of implant sonication culture for the

diagnosis of periprosthetic shoulder infection. J Shoulder Elbow Surg

2018;27:211-6. https://doi.org/10.1016/j.jse.2017.08.008

57. Grosso MJ, Sabesan VJ, Ho JC, Ricchetti ET, Iannotti JP. Reinfection

rates after 1-stage revision shoulder arthroplasty for patients with

unexpected positive intraoperative cultures. J Shoulder Elbow Surg

2012;21:754-8. https://doi.org/10.1016/j.jse.2011.08.052

58. Grubhofer F, Imam MA, Wieser K, Achermann Y, Meyer DC,

Gerber C. Staged revision with antibiotic spacers for shoulder

prosthetic joint infections yields high infection control. Clin Orthop

Relat Res 2018;476:146-52. https://doi.org/10.1007/s11999.0000000

000000049

59. Hackett DJ, Hsu JE, Matsen FA. Primary shoulder hemiarthroplasty:

what can be learned from 359 cases that were surgically revised? Clin

Orthop Relat Res 2018;476:1031-40. https://doi.org/10.1007/s11999.

0000000000000167

60. Hernandez NM, Chalmers BP, Wagner ER, Sperling JW, Cofield RH,

Sanchez-Sotelo J. Revision to reverse total shoulder arthroplasty

restores stability for patients with unstable shoulder prostheses. Clin

Orthop Relat Res 2017;475:2716-22. https://doi.org/10.1007/s11999-

017-5429-z

61. Hsu JE, Bumgarner RE, Matsen FA. Propionibacterium in shoulder

arthroplasty: what we think we know today. J Bone Joint Surg Am

2016;98:597-606. https://doi.org/10.2106/JBJS.15.00568

62. Hsu JE, Gorbaty JD, Whitney IJ, Matsen FA. Single-stage revision is

effective for failed shoulder arthroplasty with positive cultures for

Propionibacterium. J Bone Joint Surg Am 2016;98:2047-51. https://

doi.org/10.2106/JBJS.16.00149

63. Hsu JE, Somerson JS, Vo KV, Matsen FA. What is a ‘‘periprosthetic

shoulder infection’’? A systematic review of two decades of publi-

cations. Int Orthop 2017;41:813-22. https://doi.org/10.1007/s00264-

017-3421-6

64. Huang R, Hu CC, Adeli B, Mortazavi J, Parvizi J. Culture-negative

periprosthetic joint infection does not preclude infection control hip.

Clin Orthop Relat Res 2012;470:2717-23. https://doi.org/10.1007/

s11999-012-2434-0

65. Ibrahim MS, Twaij H, Haddad FS. Two-stage revision for the culture-

negative infected total hip arthroplasty: a comparative study. Bone

Joint J 2018;100-B(Supple A):3-8. https://doi.org/10.1302/0301-

620X.100B1.BJJ-2017-0626.R1

66. Ince A, Seemann K, Frommelt L, Katzer A, Loehr JF. One-stage

exchange shoulder arthroplasty for peri-prosthetic infection. J Bone

Joint Surg Br 2005;87:814-8. https://doi.org/10.1302/0301-620X.

87B6.15920

67. Jacobs AM, Van Hooff ML, Meis JF, Vos F, Goosen JH. Treat-

ment of prosthetic joint infections due to Propionibacterium.

Similar results in 60 patients treated with and without rifampicin.

Acta Orthop 2016;87:60-6. https://doi.org/10.3109/17453674.2015.

1094613

68. Jacquot A, Sirveaux F, Roche O, Favard L, Clavert P, Mol�e D. Surgical

management of the infected reversed shoulder arthroplasty: a French

multicenter study of reoperation in 32 patients. J Shoulder Elbow Surg

2015;24:1713-22. https://doi.org/10.1016/j.jse.2015.03.007

69. Jahoda D, Pokorn�y D, Nyc O, Bart�ak V, Hrom�adka R, Landor I, et al.

Infectious complications of total shoulder arthroplasty. Acta Chir

Orthop Traumatol Cech 2008;75:422-8.

70. Jawa A, Shi L, O’Brien T, Wells J, Higgins L, Macy J, et al. Pros-

thesis of antibiotic-loaded acrylic cement (PROSTALAC) use for the

treatment of infection after shoulder arthroplasty. J Bone Joint Surg

Am 2011;93:2001-9. https://doi.org/10.2106/JBJS.J.00833

71. Jerosch J, Schneppenheim M. Management of infected shoulder

replacement. Arch Orthop Trauma Surg 2003;123:209-14. https://doi.

org/10.1007/s00402-003-0497-9
72. Johnson AJ, Zywiel MG, Jones LC, Delanois RE, Stroh DA,

Mont MA. Reduced re-infection rates with postoperative oral

antibiotics after two-stage revision hip arthroplasty. BMC

Musculoskelet Disord 2013;14:123. https://doi.org/10.1186/1471-

2474-14-123

73. Jo SH, Kim JY, Cho NS, Rhee YG. Reverse total shoulder arthro-

plasty: salvage procedure for failed prior arthroplasty. Clin Orthop

Surg 2017;9:200-6. https://doi.org/10.4055/cios.2017.9.2.200

74. Kaldalu N, Hauryliuk V, Tenson T. Persistersdas elusive as ever.

Appl Microbiol Biotechnol 2016;100:6545-53. https://doi.org/10.

1007/s00253-016-7648-8

75. Kang JS, Shin EH, Roh TH, Na Y, Moon KH, Park JH. Long-term

clinical outcome of two-stage revision surgery for infected hip

arthroplasty using cement spacer: culture negative versus culture

positive. J Orthop Surg (Hong Kong) 2018;26. https://doi.org/10.

1177/2309499017754095. 2309499017754095.

76. Kany J, Jose J, Katz D, Werthel JD, Sekaran P, Amaravathi RS, et al.

The main cause of instability after unconstrained shoulder prosthesis

is soft tissue deficiency. J Shoulder Elbow Surg 2017;26:e243-51.

https://doi.org/10.1016/j.jse.2017.01.019

77. Kapadia BH, Berg RA, Daley JA, Fritz J, Bhave A, Mont MA.

Periprosthetic joint infection. Lancet 2016;387:386-94. https://doi.

org/10.1016/S0140-6736(14)61798-0

78. Kayupov E, Fillingham YA, Okroj K, Plummer DR, Moric M,

Gerlinger TL, et al. Oral and intravenous tranexamic acid are

equivalent at reducing blood loss following total hip arthroplasty: a

randomized controlled trial. J Bone Joint Surg Am 2017;99:373-8.

https://doi.org/10.2106/JBJS.16.00188

79. Keller SC, Cosgrove SE, Higgins Y, Piggott DA, Osgood G,

Auwaerter PG. Role of suppressive oral antibiotics in orthopedic

hardware infections for those not undergoing two-stage replacement

surgery. Open Forum Infect Dis 2016;3:ofw176. https://doi.org/10.

1093/ofid/ofw176

80. Kelly JD, Hobgood ER. Positive culture rate in revision shoulder

arthroplasty. Clin Orthop Relat Res 2009;467:2343-8. https://doi.org/

10.1007/s11999-009-0875-x

81. Kheir MM, Tan TL, Higuera C, George J, Della Valle CJ, Shen M,

et al. Periprosthetic joint infections caused by enterococci have poor

outcomes. J Arthroplasty 2017;32:933-47. https://doi.org/10.1016/j.

arth.2016.09.017

82. Kim SJ, Kim JH. Unexpected positive cultures including isolation of

Propionibacterium acnes in revision shoulder arthroplasty. Chin Med

J 2014;127:3975-9. https://doi.org/10.3760/cma.j.issn.0366-6999.

20140550

83. Kim YH, Kulkarni SS, Park JW, Kim JS, Oh HK, Rastogi D.

Comparison of infection control rates and clinical outcomes in

culture-positive and culture-negative infected total-knee arthroplasty.

J Orthop 2015;12:S37-43. https://doi.org/10.1016/j.jor.2015.01.020

84. Kim YH, Park JW, Kim JS, Kim DJ. The outcome of infected total

knee arthroplasty: culture-positive versus culture-negative. Arch

Orthop Trauma Surg 2015;135:1459-67. https://doi.org/10.1007/

s00402-015-2286-7

85. Klatte TO, Junghans K, Al-Khateeb H, Rueger JM, Gehrke T,

Kendoff D, et al. Single-stage revision for peri-prosthetic shoulder

infection: outcomes and results. Bone Joint J 2013;95-B:391-5.

https://doi.org/10.1302/0301-620X.95B3.30134

86. Lavergne V, Malo M, Gaudelli C, Laprade M, Leduc S, Laflamme P,

et al. Clinical impact of positive Propionibacterium acnes cultures in

orthopedic surgery. Orthop Traumatol Surg Res 2017;103:307-14.

https://doi.org/10.1016/j.otsr.2016.12.005

87. Lee SH, Kim SJ, Kook SH, Kim JW. Two-stage revision of infected

shoulder arthroplasty using prosthesis of antibiotic-loaded acrylic

cement: minimum three-year follow-up. Int Orthop 2018;42:867-74.

https://doi.org/10.1007/s00264-017-3699-4

88. Levy JC, Triplet J, Everding N. Use of a functional antibiotic spacer

in treating infected shoulder arthroplasty. Orthopedics 2015;38:e512-

9. https://doi.org/10.3928/01477447-20150603-60

https://doi.org/10.1016/j.jse.2013.06.002
https://doi.org/10.1016/j.jse.2017.08.008
https://doi.org/10.1016/j.jse.2011.08.052
https://doi.org/10.1007/s11999.0000000000000049
https://doi.org/10.1007/s11999.0000000000000049
https://doi.org/10.1007/s11999.0000000000000167
https://doi.org/10.1007/s11999.0000000000000167
https://doi.org/10.1007/s11999-017-5429-z
https://doi.org/10.1007/s11999-017-5429-z
https://doi.org/10.2106/JBJS.15.00568
https://doi.org/10.2106/JBJS.16.00149
https://doi.org/10.2106/JBJS.16.00149
https://doi.org/10.1007/s00264-017-3421-6
https://doi.org/10.1007/s00264-017-3421-6
https://doi.org/10.1007/s11999-012-2434-0
https://doi.org/10.1007/s11999-012-2434-0
https://doi.org/10.1302/0301-620X.100B1.BJJ-2017-0626.R1
https://doi.org/10.1302/0301-620X.100B1.BJJ-2017-0626.R1
https://doi.org/10.1302/0301-620X.87B6.15920
https://doi.org/10.1302/0301-620X.87B6.15920
https://doi.org/10.3109/17453674.2015.1094613
https://doi.org/10.3109/17453674.2015.1094613
https://doi.org/10.1016/j.jse.2015.03.007
http://refhub.elsevier.com/S1058-2746(19)30265-4/sref69
http://refhub.elsevier.com/S1058-2746(19)30265-4/sref69
http://refhub.elsevier.com/S1058-2746(19)30265-4/sref69
http://refhub.elsevier.com/S1058-2746(19)30265-4/sref69
http://refhub.elsevier.com/S1058-2746(19)30265-4/sref69
http://refhub.elsevier.com/S1058-2746(19)30265-4/sref69
https://doi.org/10.2106/JBJS.J.00833
https://doi.org/10.1007/s00402-003-0497-9
https://doi.org/10.1007/s00402-003-0497-9
https://doi.org/10.1186/1471-2474-14-123
https://doi.org/10.1186/1471-2474-14-123
https://doi.org/10.4055/cios.2017.9.2.200
https://doi.org/10.1007/s00253-016-7648-8
https://doi.org/10.1007/s00253-016-7648-8
https://doi.org/10.1177/2309499017754095
https://doi.org/10.1177/2309499017754095
https://doi.org/10.1016/j.jse.2017.01.019
https://doi.org/10.1016/S0140-6736(14)61798-0
https://doi.org/10.1016/S0140-6736(14)61798-0
https://doi.org/10.2106/JBJS.16.00188
https://doi.org/10.1093/ofid/ofw176
https://doi.org/10.1093/ofid/ofw176
https://doi.org/10.1007/s11999-009-0875-x
https://doi.org/10.1007/s11999-009-0875-x
https://doi.org/10.1016/j.arth.2016.09.017
https://doi.org/10.1016/j.arth.2016.09.017
https://doi.org/10.3760/cma.j.issn.0366-6999.20140550
https://doi.org/10.3760/cma.j.issn.0366-6999.20140550
https://doi.org/10.1016/j.jor.2015.01.020
https://doi.org/10.1007/s00402-015-2286-7
https://doi.org/10.1007/s00402-015-2286-7
https://doi.org/10.1302/0301-620X.95B3.30134
https://doi.org/10.1016/j.otsr.2016.12.005
https://doi.org/10.1007/s00264-017-3699-4
https://doi.org/10.3928/01477447-20150603-60


Periprosthetic shoulder infection: management S97
89. Li H, Ni M, Li X, Zhang Q, Li X, Chen J. Two-stage revisions for

culture-negative infected total knee arthroplasties: a five-year

outcome in comparison with one-stage and two-stage revisions for

culture-positive cases. J Orthop Sci 2017;22:306-12. https://doi.org/

10.1016/j.jos.2016.11.008

90. Lister JL, Horswill AR. Staphylococcus aureus biofilms: recent de-

velopments in biofilm dispersal. Front Cell Infect Microbiol 2014;4:

178. https://doi.org/10.3389/fcimb.2014.00178

91. Lovy AJ, Keswani A, Beck C, Dowdell JE, Parsons BO. Risk factors

for and timing of adverse events after total shoulder arthroplasty. J

Shoulder Elbow Surg 2017;26:1003-10. https://doi.org/10.1016/j.jse.

2016.10.019

92. Lutz MF, Berthelot P, Fresard A, Cazorla C, Carricajo A, Vautrin AC,

et al. Arthroplastic and osteosynthetic infections due to Propioni-

bacterium acnes: a retrospective study of 52 cases, 1995-2002. Eur J

Clin Microbiol Infect Dis 2005;24:739-44. https://doi.org/10.1007/

s10096-005-0040-8

93. Mahure SA, Mollon B, Yu S, Kwon YW, Zuckerman JD. Definitive

treatment of infected shoulder arthroplasty with a cement spacer.

Orthopedics 2016;39:e924-30. https://doi.org/10.3928/01477447-

20160623-07

94. Malekzadeh D, Osmon DR, Lahr BD, Hanssen AD, Berbari EF. Prior

use of antimicrobial therapy is a risk factor for culture-negative

prosthetic joint infection. Clin Orthop Relat Res 2010;468:2039-45.

https://doi.org/10.1007/s11999-010-1338-0

95. Marcheggiani Muccioli GM, Huri G, Grassi A, Roberti di Sarsina T,

Carbone G, Guerra E, et al. Surgical treatment of infected shoulder

arthroplasty. A systematic review. Int Orthop 2017;41:823-30. https://

doi.org/10.1007/s00264-017-3399-0

96. Marculescu CE, Berbari EF, Hanssen AD, Steckelberg JM,

Harmsen SW, Mandrekar JN, et al. Outcome of prosthetic joint in-

fections treated with debridement and retention of components. Clin

Infect Dis 2006;42:471-8. https://doi.org/10.1086/499234

97. Marschall J, Lane MA, Beekmann SE, Polgreen PM,

Babcock HM. Current management of prosthetic joint infections in

adults: results of an Emerging Infections Network survey. Int J

Antimicrob Agents 2013;41:272-7. https://doi.org/10.1016/j.ijanti-

micag.2012.10.023

98. Maynou C, M�enager S, Senneville E, Bocquet D, Mestdagh H.

Clinical results of resection arthroplasty for infected shoulder

arthroplasty. Rev Chir Orthop Reparatrice Appar Mot 2006;92:

567-74. https://doi.org/10.1016/S0035-1040(06)75914-1

99. McGoldrick E, McElvany MD, Butler-Wu S, Pottinger PS,

Matsen FA. Substantial cultures of Propionibacterium can be found

in apparently aseptic shoulders revised three years or more after the

index arthroplasty. J Shoulder Elbow Surg 2015;24:31-5. https://doi.

org/10.1016/j.jse.2014.05.008

100. Melis B, Bonnevialle N, Neyton L, L�evigne C, Favard L, Walch G,

et al. Glenoid loosening and failure in anatomical total shoulder

arthroplasty: is revision with a reverse shoulder arthroplasty a reliable

option? J Shoulder Elbow Surg 2012;21:342-9. https://doi.org/10.

1016/j.jse.2011.05.021

101. Mook WR, Garrigues GE. Diagnosis and management of peri-

prosthetic shoulder infections. J Bone Joint Surg Am 2014;96:956-

65. https://doi.org/10.2106/JBJS.M.00402

102. Moran E, Masters S, Berendt AR, McLardy-Smith P, Byren I,

Atkins BL. Guiding empirical antibiotic therapy in orthopaedics: the

microbiology of prosthetic joint infection managed by debridement,

irrigation and prosthesis retention. J Infect 2007;55:1-7. https://doi.

org/10.1016/j.jinf.2007.01.007

103. Morgenstern M, Post V, Erichsen C, Hungerer S, B€uhren V, Militz M,

et al. Biofilm formation increases treatment failure in Staphylococcus

epidermidis device-related osteomyelitis of the lower extremity in

human patients. J Orthop Res 2016;34:1905-13. https://doi.org/10.

1002/jor.23218

104. Morris BJ, O’Connor DP, Torres D, Elkousy HA, Gartsman GM,

Edwards TB. Risk factors for periprosthetic infection after reverse
shoulder arthroplasty. J Shoulder Elbow Surg 2015;24:161-6. https://

doi.org/10.1016/j.jse.2014.05.020

105. Muh SJ, Streit JJ, Lenarz CJ, McCrum C, Wanner JP, Shishani Y,

et al. Resection arthroplasty for failed shoulder arthroplasty. J

Shoulder Elbow Surg 2013;22:247-52. https://doi.org/10.1016/j.jse.

2012.05.025

106. Nelson GN, Davis DE, Namdari S. Outcomes in the treatment of

periprosthetic joint infection after shoulder arthroplasty: a systematic

review. J Shoulder Elbow Surg 2016;25:1337-45. https://doi.org/10.

1016/j.jse.2015.11.064

107. Ortmaier R, Resch H, Hitzl W, Mayer M, Stundner O, Tauber M.

Treatment strategies for infection after reverse shoulder arthroplasty.

Eur J Orthop Surg Traumatol 2014;24:723-31. https://doi.org/10.

1007/s00590-013-1251-9

108. Padegimas EM, Lawrence C, Narzikul AC, Zmistowski BM,

Abboud JA, Williams GR, et al. Future surgery after revision

shoulder arthroplasty: the impact of unexpected positive cultures. J

Shoulder Elbow Surg 2017;26:975-81. https://doi.org/10.1016/j.jse.

2016.10.023

109. Padegimas EM, Maltenfort M, Ramsey ML, Williams GR, Parvizi J,

Namdari S. Periprosthetic shoulder infection in the United States:

incidence and economic burden. J Shoulder Elbow Surg 2015;24:

741-6. https://doi.org/10.1016/j.jse.2014.11.044

110. Padegimas EM, Narzikul A, Lawrence C, Hendy BA, Abboud JA,

Ramsey ML, et al. Antibiotic spacers in shoulder arthroplasty:

comparison of stemmed and stemless implants. Clin Orthop Surg

2017;9:489-96. https://doi.org/10.4055/cios.2017.9.4.489

111. Parvizi J, Erkocak OF, Della Valle CJ. Culture-negative peri-

prosthetic joint infection. J Bone Joint Surg Am 2014;96:430-6.

https://doi.org/10.2106/JBJS.L.01793

112. Parvizi J, Ghanem E, Joshi A, Sharkey PF, Hozack WJ, Rothman RH.

Does ‘‘excessive’’ anticoagulation predispose to periprosthetic

infection? J Arthroplasty 2007;22(Suppl 2):24-8. https://doi.org/10.

1016/j.arth.2007.03.007

113. Patel A, Calfee RP, Plante M, Fischer SA, Green A. Propionibacte-

rium acnes colonization of the human shoulder. J Shoulder Elbow

Surg 2009;18:897-902. https://doi.org/10.1016/j.jse.2009.01.023

114. Patel H, Khoury H, Girgenti D, Welner S, Yu H. Burden of surgical

site infections associated with select spine operations and involve-

ment of Staphylococcus aureus. Surg Infect (Larchmt) 2017;18:461-

73. https://doi.org/10.1089/sur.2016.186

115. Pavoni GL, Giannella M, Falcone M, Scorzolini L, Liberatore M,

Carlesimo B, et al. Conservative medical therapy of prosthetic joint

infections: retrospective analysis of an 8-year experience. Clin

Microbiol Infect 2004;10:831-7. https://doi.org/10.1111/j.1469-0691.

2004.00928.x

116. Pellegrini A, Legnani C, Macchi V, Meani E. Management of peri-

prosthetic shoulder infections with the use of a permanent articu-

lating antibiotic spacer. Arch Orthop Trauma Surg 2018;138:605-9.

https://doi.org/10.1007/s00402-018-2870-8

117. P�erez-Prieto D, Portillo ME, Puig-Verdi�e L, Alier A, Gamba C,

Guirro P, et al. Preoperative antibiotic prophylaxis in prosthetic joint

infections: not a concern for intraoperative cultures. Diagn Microbiol

Infect Dis 2016;86:442-5. https://doi.org/10.1016/j.diagmicrobio.

2016.09.014

118. Piggott DA, Higgins YM, Melia MT, Ellis B, Carroll KC,

McFarland EG, et al. Characteristics and treatment outcomes of

Propionibacterium acnes prosthetic shoulder infections in adults.

Open Forum Infect Dis 2016;3:ofv191. https://doi.org/10.1093/ofid/

ofv191

119. Pinder EM, Ong JC, Bale RS, Trail IA. Ten questions on prosthetic

shoulder infection. Shoulder Elbow 2016;8:151-7. https://doi.org/10.

1177/1758573216632464

120. Pottinger P, Butler-Wu S, Neradilek MB, Merritt A, Bertelsen A,

Jette JL, et al. Prognostic factors for bacterial cultures positive for

Propionibacterium acnes and other organisms in a large series of

revision shoulder arthroplasties performed for stiffness, pain, or

https://doi.org/10.1016/j.jos.2016.11.008
https://doi.org/10.1016/j.jos.2016.11.008
https://doi.org/10.3389/fcimb.2014.00178
https://doi.org/10.1016/j.jse.2016.10.019
https://doi.org/10.1016/j.jse.2016.10.019
https://doi.org/10.1007/s10096-005-0040-8
https://doi.org/10.1007/s10096-005-0040-8
https://doi.org/10.3928/01477447-20160623-07
https://doi.org/10.3928/01477447-20160623-07
https://doi.org/10.1007/s11999-010-1338-0
https://doi.org/10.1007/s00264-017-3399-0
https://doi.org/10.1007/s00264-017-3399-0
https://doi.org/10.1086/499234
https://doi.org/10.1016/j.ijantimicag.2012.10.023
https://doi.org/10.1016/j.ijantimicag.2012.10.023
https://doi.org/10.1016/S0035-1040(06)75914-1
https://doi.org/10.1016/j.jse.2014.05.008
https://doi.org/10.1016/j.jse.2014.05.008
https://doi.org/10.1016/j.jse.2011.05.021
https://doi.org/10.1016/j.jse.2011.05.021
https://doi.org/10.2106/JBJS.M.00402
https://doi.org/10.1016/j.jinf.2007.01.007
https://doi.org/10.1016/j.jinf.2007.01.007
https://doi.org/10.1002/jor.23218
https://doi.org/10.1002/jor.23218
https://doi.org/10.1016/j.jse.2014.05.020
https://doi.org/10.1016/j.jse.2014.05.020
https://doi.org/10.1016/j.jse.2012.05.025
https://doi.org/10.1016/j.jse.2012.05.025
https://doi.org/10.1016/j.jse.2015.11.064
https://doi.org/10.1016/j.jse.2015.11.064
https://doi.org/10.1007/s00590-013-1251-9
https://doi.org/10.1007/s00590-013-1251-9
https://doi.org/10.1016/j.jse.2016.10.023
https://doi.org/10.1016/j.jse.2016.10.023
https://doi.org/10.1016/j.jse.2014.11.044
https://doi.org/10.4055/cios.2017.9.4.489
https://doi.org/10.2106/JBJS.L.01793
https://doi.org/10.1016/j.arth.2007.03.007
https://doi.org/10.1016/j.arth.2007.03.007
https://doi.org/10.1016/j.jse.2009.01.023
https://doi.org/10.1089/sur.2016.186
https://doi.org/10.1111/j.1469-0691.2004.00928.x
https://doi.org/10.1111/j.1469-0691.2004.00928.x
https://doi.org/10.1007/s00402-018-2870-8
https://doi.org/10.1016/j.diagmicrobio.2016.09.014
https://doi.org/10.1016/j.diagmicrobio.2016.09.014
https://doi.org/10.1093/ofid/ofv191
https://doi.org/10.1093/ofid/ofv191
https://doi.org/10.1177/1758573216632464
https://doi.org/10.1177/1758573216632464


S98 G.E. Garrigues et al.
loosening. J Bone Joint Surg Am 2012;94:2075-83. https://doi.org/

10.2106/JBJS.K.00861

121. Pradier M, Nguyen S, Robineau O, Titecat M, Blondiaux N,

Valette M, et al. Suppressive antibiotic therapy with oral doxycycline

for Staphylococcus aureus prosthetic joint infection: a retrospective

study of 39 patients. Int J Antimicrob Agents 2017;50:447-52. https://

doi.org/10.1016/j.ijantimicag.2017.04.019

122. Pradier M, Robineau O, Boucher A, Titecat M, Blondiaux N,

Valette M, et al. Suppressive antibiotic therapy with oral tetracyclines

for prosthetic joint infections: a retrospective study of 78 patients.

Infection 2018;46:39-47. https://doi.org/10.1007/s15010-017-1077-1

123. Prendki V, Ferry T, Sergent P, Oziol E, Forestier E, Fraisse T, et al.

Prolonged suppressive antibiotic therapy for prosthetic joint infection

in the elderly: a national multicentre cohort study. Eur J Clin

Microbiol Infect Dis 2017;36:1577-85. https://doi.org/10.1007/

s10096-017-2971-2

124. Prendki V, Sergent P, Barrelet A, Oziol E, Beretti E, Berlioz-

Thibal M, et al. Efficacy of indefinite chronic oral antimicrobial

suppression for prosthetic joint infection in the elderly: a comparative

study. Int J Infect Dis 2017;60:57-60. https://doi.org/10.1016/j.ijid.

2017.05.008

125. Prendki V, Zeller V, Passeron D, Desplaces N, Mamoudy P,

Stirnemann J, et al. Outcome of patients over 80 years of age on

prolonged suppressive antibiotic therapy for at least 6 months for

prosthetic joint infection. Int J Infect Dis 2014;29:184-9. https://doi.

org/10.1016/j.ijid.2014.09.012

126. Puhto AP, Puhto TM, Niinim€aki TT, Leppilahti JI, Syrj€al€a HP. Two-

stage revision for prosthetic joint infection: outcome and role of

reimplantation microbiology in 107 cases. J Arthroplasty 2014;29:

1101-4. https://doi.org/10.1016/j.arth.2013.12.027

127. Rao N, Crossett LS, Sinha RK, Le Frock JL. Long-term sup-

pression of infection in total joint arthroplasty. Clin Orthop Relat

Res 2003:55-60. https://doi.org/10.1097/01.blo.0000087321.60612.

cf

128. Ricchetti ET, Frangiamore SJ, Grosso MJ, Alolabi B, Saleh A,

Bauer TW, et al. Diagnosis of periprosthetic infection after shoulder

arthroplasty: a critical analysis review. JBJS Rev 2013;1. https://doi.

org/10.2106/JBJS.RVW.M.00055

129. Richards J, Inacio MC, Beckett M, Navarro RA, Singh A, Dillon MT,

et al. Patient and procedure-specific risk factors for deep infection

after primary shoulder arthroplasty. Clin Orthop Relat Res 2014;472:

2809-15. https://doi.org/10.1007/s11999-014-3696-5

130. Rispoli DM, Sperling JW, Athwal GS, Schleck CD, Cofield RH. Pain

relief and functional results after resection arthroplasty of the

shoulder. J Bone Joint Surg Br 2007;89:1184-7. https://doi.org/10.

1302/0301-620X.89B9.19464

131. Roman�o CL, Borens O, Monti L, Meani E, Stuyck J. What treatment

for periprosthetic shoulder infection? Results from a multicentre

retrospective series. Int Orthop 2012;36:1011-7. https://doi.org/10.

1007/s00264-012-1492-y

132. Sabesan VJ, Ho JC, Kovacevic D, Iannotti JP. Two-stage reimplan-

tation for treating prosthetic shoulder infections. Clin Orthop Relat

Res 2011;469:2538-43. https://doi.org/10.1007/s11999-011-1774-5

133. Saltzman MD, Marecek GS, Edwards SL, Kalainov DM. Infection

after shoulder surgery. J Am Acad Orthop Surg 2011;19:208-18.

https://doi.org/10.5435/00124635-201104000-00005

134. Saper M, Stephenson K, Heisey M. Arthroscopic irrigation and

debridement in the treatment of septic arthritis after anterior cruciate

ligament reconstruction. Arthroscopy 2014;30:747-54. https://doi.

org/10.1016/j.arthro.2014.02.015

135. Segreti J, Nelson JA, Trenholme GM. Prolonged suppressive anti-

biotic therapy for infected orthopedic prostheses. Clin Infect Dis

1998;27:711-3.

136. Shelton TJ, Skaggs AW, Pereira GC. Self-resolution of a draining sinus

tract in a patient with chronic periprosthetic hip infection. Case Rep

Orthop 2018;2018:8657562. https://doi.org/10.1155/2018/8657562
137. Singh JA, Sperling JW, Schleck C, Harmsen W, Cofield RH. Peri-

prosthetic infections after shoulder hemiarthroplasty. J ShoulderElbow

Surg 2012;21:1304-9. https://doi.org/10.1016/j.jse.2011.08.067

138. Singh JA, Sperling JW, Schleck C, Harmsen WS, Cofield RH. Per-

iprosthetic infections after total shoulder arthroplasty: a 33-year

perspective. Journal of Shoulder and Elbow Surgery 2012;21:1534-

41. https://doi.org/10.1016/j.jse.2012.01.006

139. Siqueira MB, Saleh A, Klika AK, O’Rourke C, Schmitt S,

Higuera CA, et al. Chronic suppression of periprosthetic joint in-

fections with oral antibiotics increases infection-free survivorship. J

Bone Joint Surg Am 2015;97:1220-32. https://doi.org/10.2106/JBJS.

N.00999

140. Sperling JW, Kozak TK, Hanssen AD, Cofield RH. Infection after

shoulder arthroplasty. Clin Orthop Relat Res 2001:206-16.

141. Stephens BC, Simon P, Clark RE, Christmas KN, Stone GP,

Lorenzetti AJ, et al. Revision for a failed reverse: a 12-year review of

a lateralized implant. J Shoulder Elbow Surg 2016;25:e115-24.

https://doi.org/10.1016/j.jse.2015.09.027

142. Stevens NM, Kim HM, Armstrong AD. Functional outcomes after

shoulder resection: the patient’s perspective. J Shoulder Elbow Surg

2015;24:e247-54. https://doi.org/10.1016/j.jse.2015.03.027

143. Stine IA, Lee B, Zalavras CG, Hatch G, Itamura JM. Management of

chronic shoulder infections utilizing a fixed articulating antibiotic-

loaded spacer. J Shoulder Elbow Surg 2010;19:739-48. https://doi.

org/10.1016/j.jse.2009.10.002

144. Stone GP, Clark RE, O’Brien KC, Vaccaro L, Simon P, Lorenzetti AJ,

et al. Surgical management of periprosthetic shoulder infections. J

Shoulder Elbow Surg 2017;26:1222-9. https://doi.org/10.1016/j.jse.

2016.11.054

145. Strickland JP, Sperling JW, Cofield RH. The results of two-stage re-

implantation for infected shoulder replacement. J Bone Joint Surg Br

2008;90:460-5. https://doi.org/10.1302/0301-620X.90B4.20002

146. Tande AJ, Patel R. Prosthetic joint infection. Clin Microbiol Rev

2014;27:302-45. https://doi.org/10.1128/CMR.00111-13

147. Tetreault MW, Wetters NG, Aggarwal V, Mont M, Parvizi J, Della

Valle CJ. The Chitranjan Ranawat Award: should prophylactic anti-

biotics be withheld before revision surgery to obtain appropriate

cultures? Clin Orthop Relat Res 2014;472:52-6. https://doi.org/10.

1007/s11999-013-3016-5

148. Themistocleous G, Zalavras C, Stine I, Zachos V, Itamura J. Pro-

longed implantation of an antibiotic cement spacer for management

of shoulder sepsis in compromised patients. J Shoulder Elbow Surg

2007;16:701-5. https://doi.org/10.1016/j.jse.2007.02.118

149. Topolski MS, Chin PY, Sperling JW, Cofield RH. Revision shoulder

arthroplasty with positive intraoperative cultures: the value of pre-

operative studies and intraoperative histology. J Shoulder Elbow Surg

2006;15:402-6. https://doi.org/10.1016/j.jse.2005.10.001

150. Torrens C, Santana F, Puig L, Sorli L, Alier A. Results of cement

spacer sonication in the second stage of two-stage treatment of

shoulder arthroplasty infection. J Orthop Surg Res 2018;13:58.

https://doi.org/10.1186/s13018-018-0763-8

151. Tsukayama DT, Wicklund B, Gustilo RB. Suppressive antibiotic

therapy in chronic prosthetic joint infections. Orthopedics 1991;14:

841-4.

152. Twiss TJ, Crosby LA. Treatment of the infected total shoulder

arthroplasty with antibiotic-impregnated cement spacers. J Shoulder

Elbow Surg 2010;21:204-8. https://doi.org/10.1053/j.sart.2010.06.

013

153. Ueda Y, Comer GC, Saleh JR, Costouros JG. Simultaneous bilateral

resection total shoulder arthroplasty with anatomic antibiotic cement

spacer retention. JSES Open Access 2017;1:129-32. https://doi.org/

10.1016/j.jses.2017.07.003

154. Updegrove GF, Armstrong AD, Kim HM. Preoperative and intra-

operative infection workup in apparently aseptic revision shoulder

arthroplasty. J Shoulder Elbow Surg 2015;24:491-500. https://doi.

org/10.1016/j.jse.2014.10.005

https://doi.org/10.2106/JBJS.K.00861
https://doi.org/10.2106/JBJS.K.00861
https://doi.org/10.1016/j.ijantimicag.2017.04.019
https://doi.org/10.1016/j.ijantimicag.2017.04.019
https://doi.org/10.1007/s15010-017-1077-1
https://doi.org/10.1007/s10096-017-2971-2
https://doi.org/10.1007/s10096-017-2971-2
https://doi.org/10.1016/j.ijid.2017.05.008
https://doi.org/10.1016/j.ijid.2017.05.008
https://doi.org/10.1016/j.ijid.2014.09.012
https://doi.org/10.1016/j.ijid.2014.09.012
https://doi.org/10.1016/j.arth.2013.12.027
https://doi.org/10.1097/01.blo.0000087321.60612.cf
https://doi.org/10.1097/01.blo.0000087321.60612.cf
https://doi.org/10.2106/JBJS.RVW.M.00055
https://doi.org/10.2106/JBJS.RVW.M.00055
https://doi.org/10.1007/s11999-014-3696-5
https://doi.org/10.1302/0301-620X.89B9.19464
https://doi.org/10.1302/0301-620X.89B9.19464
https://doi.org/10.1007/s00264-012-1492-y
https://doi.org/10.1007/s00264-012-1492-y
https://doi.org/10.1007/s11999-011-1774-5
https://doi.org/10.5435/00124635-201104000-00005
https://doi.org/10.1016/j.arthro.2014.02.015
https://doi.org/10.1016/j.arthro.2014.02.015
http://refhub.elsevier.com/S1058-2746(19)30265-4/sref135
http://refhub.elsevier.com/S1058-2746(19)30265-4/sref135
http://refhub.elsevier.com/S1058-2746(19)30265-4/sref135
https://doi.org/10.1155/2018/8657562
https://doi.org/10.1016/j.jse.2011.08.067
https://doi.org/10.1016/j.jse.2012.01.006
https://doi.org/10.2106/JBJS.N.00999
https://doi.org/10.2106/JBJS.N.00999
http://refhub.elsevier.com/S1058-2746(19)30265-4/sref139
http://refhub.elsevier.com/S1058-2746(19)30265-4/sref139
https://doi.org/10.1016/j.jse.2015.09.027
https://doi.org/10.1016/j.jse.2015.03.027
https://doi.org/10.1016/j.jse.2009.10.002
https://doi.org/10.1016/j.jse.2009.10.002
https://doi.org/10.1016/j.jse.2016.11.054
https://doi.org/10.1016/j.jse.2016.11.054
https://doi.org/10.1302/0301-620X.90B4.20002
https://doi.org/10.1128/CMR.00111-13
https://doi.org/10.1007/s11999-013-3016-5
https://doi.org/10.1007/s11999-013-3016-5
https://doi.org/10.1016/j.jse.2007.02.118
https://doi.org/10.1016/j.jse.2005.10.001
https://doi.org/10.1186/s13018-018-0763-8
http://refhub.elsevier.com/S1058-2746(19)30265-4/sref150
http://refhub.elsevier.com/S1058-2746(19)30265-4/sref150
http://refhub.elsevier.com/S1058-2746(19)30265-4/sref150
https://doi.org/10.1053/j.sart.2010.06.013
https://doi.org/10.1053/j.sart.2010.06.013
https://doi.org/10.1016/j.jses.2017.07.003
https://doi.org/10.1016/j.jses.2017.07.003
https://doi.org/10.1016/j.jse.2014.10.005
https://doi.org/10.1016/j.jse.2014.10.005


Periprosthetic shoulder infection: management S99
155. Urish KL, Bullock AG, Kreger AM, Shah NB, Jeong K,

Rothenberger SD, et al. A multicenter study of irrigation and

debridement in total knee arthroplasty periprosthetic joint infection:

treatment failure is high. J Arthroplasty 2018;33:1154-9. https://doi.

org/10.1016/j.arth.2017.11.029

156. Verhelst L, Stuyck J, Bellemans J, Debeer P. Resection arthro-

plasty of the shoulder as a salvage procedure for deep shoulder

infection: does the use of a cement spacer improve outcome? J

Shoulder Elbow Surg 2011;20:1224-33. https://doi.org/10.1016/j.

jse.2011.02.003

157. Walker M, Willis MP, Brooks JP, Pupello D, Mulieri PJ, Frankle MA.

The use of the reverse shoulder arthroplasty for treatment of failed

total shoulder arthroplasty. J Shoulder Elbow Surg 2012;21:514-22.

https://doi.org/10.1016/j.jse.2011.03.006

158. Wang J, Wang Q, Shen H, Zhang X. Comparable

outcome of culture-negative and culture-positive periprosthetic

hip joint infection for patients undergoing two-stage revi-

sion. Int Orthop 2018;42:469-77. https://doi.org/10.1007/s00

264-018-3783-4

159. Weber P, Utzschneider S, Sadoghi P, Andress HJ, Jansson V,

M€uller PE. Management of the infected shoulder prosthesis: a

retrospective analysis and review of the literature. Int Orthop 2011;

35:365-73. https://doi.org/10.1007/s00264-010-1019-3
160. Wouthuyzen-Bakker M, Nijman JM, Kampinga GA, van Assen S,

Jutte PC. Efficacy of antibiotic suppressive therapy in patients with a

prosthetic joint infection. J Bone Jt Infect 2017;2:77-83. https://doi.

org/10.7150/jbji.17353

161. Yoon HK, Cho SH, Lee DY, Kang BH, Lee SH, Moon DG, et al. A

review of the literature on culture-negative periprosthetic joint

infection: epidemiology, diagnosis and treatment. Knee Surg Relat

Res 2017;29:155-64. https://doi.org/10.5792/ksrr.16.034

162. Zavala JA, Clark JC, Kissenberth MJ, Tolan SJ, Hawkins RJ. Man-

agement of deep infection after reverse total shoulder arthroplasty: a

case series. J Shoulder Elbow Surg 2012;21:1310-5. https://doi.org/

10.1016/j.jse.2011.08.047

163. Zhang AL, Feeley BT, Schwartz BS, Chung TT, Ma CB. Manage-

ment of deep postoperative shoulder infections: is there a role for

open biopsy during staged treatment? J Shoulder Elbow Surg 2015;

24:e15-20. https://doi.org/10.1016/j.jse.2014.04.007

164. ZimmerliW, TrampuzA,Ochsner PE. Prosthetic-joint infections. NEngl

J Med 2004;351:1645-54. https://doi.org/10.1056/NEJMra040181

165. Zimmerli W, Widmer AF, Blatter M, Frei R, Ochsner PE. Role of

rifampin for treatment of orthopedic implant-related staphylo-

coccal infections: a randomized controlled trial. Foreign-Body

Infection (FBI) Study Group. JAMA 1998;279:1537-41. https://

doi.org/10.1001/jama.279.19.1537

https://doi.org/10.1016/j.arth.2017.11.029
https://doi.org/10.1016/j.arth.2017.11.029
https://doi.org/10.1016/j.jse.2011.02.003
https://doi.org/10.1016/j.jse.2011.02.003
https://doi.org/10.1016/j.jse.2011.03.006
https://doi.org/10.1007/s00264-018-3783-4
https://doi.org/10.1007/s00264-018-3783-4
https://doi.org/10.1007/s00264-010-1019-3
https://doi.org/10.7150/jbji.17353
https://doi.org/10.7150/jbji.17353
https://doi.org/10.5792/ksrr.16.034
https://doi.org/10.1016/j.jse.2011.08.047
https://doi.org/10.1016/j.jse.2011.08.047
https://doi.org/10.1016/j.jse.2014.04.007
https://doi.org/10.1056/NEJMra040181
https://doi.org/10.1001/jama.279.19.1537
https://doi.org/10.1001/jama.279.19.1537

	Proceedings from the 2018 International Consensus Meeting on Orthopedic Infections: management of periprosthetic shoulder i ...
	Treatment for unexpected positive cultures
	Antibiotic treatment for PJI
	Bone graft
	Component retention
	Implant
	Indications for irrigation and débridement
	Indications for reverse shoulder arthroplasty
	Indications for hemiarthroplasty
	Indications for TSA

	Resection
	Revision
	Disclaimer
	Supplementary data
	References


