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literature till January 2018 to query, “(shoulder OR ‘upper extremity’) 
AND (arthroplasty OR replacement) AND (infection OR infected) 
AND (PROSTALAC OR ANTIBIOTIC SPACER). After excluding dupli-
cates, a total of 34 articles were screened, and 16 studies focusing on 
use of an antibiotic loaded cement spacer as a temporary or perma-
nent spacer were extracted for further review. After applying fi nal 
exclusion (“one-stage revision,” “antibiotic suppression”) and inclu-
sion criteria, a full text review of the articles was conducted, and 12 
articles were selected for fi nal analysis. All the articles evaluated the 
role of antibiotic loaded cement spacer for the treatment of shoulder 
PJI [2–14].
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QUESTION 2: What are the indications for one- versus two-stage exchange arthroplasty in the 
management of acute shoulder periprosthetic joint infection (PJI)?

RECOMMENDATION: Unknown. Single-stage exchange for shoulder PJI had a statistically signifi cant lower reinfection rate and lower complica-
tion rate than two-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 

A comprehensive literature review was performed to identify all 
studies on revision shoulder arthroplasty for PJI. Terms used for the 
search included “infection,” “shoulder replacement,” “arthroplasty,” 
“1-stage,” “2-stage,” “reimplantation,” “prosthetic-related infection” 
and included “resection,” “spacer” or “exchange” among others 
using PubMed, Scopus and Embase through February 2018. Inclu-
sion criteria for our systematic review were all English studies (Level 
I-IV evidence) that reported on single or two-stage revision, infec-
tion eradication for revision shoulder arthroplasty with a minimum 
follow up of twelve-months and minimum of fi ve patients for 
analysis. Exclusion criteria for our review were all non-English 
studies, papers that exclude single or two-stage exchange, review 
papers, case reports or technique articles without outcome data. 
Preferred Reporting Items for Systematic Reviews and Meta-Anal-
yses (PRISMA) criteria were applied. Title and abstract screening was 
conducted through 248 results; full text review was conducted with 
66 results and produced 31 articles that met inclusion and exclusion 
criteria for review.

Shoulder PJI is a devastating complication with signifi cant 
morbidity. The incidence of PJI after primary shoulder arthroplasty 
has reported ranges of 1-4% and up to 4-15% after revision arthroplasty 

[1,2]. Historically, treatment for shoulder PJI has been infl uenced by 
evidence from hip and knee arthroplasty infection management 
experience [3,4]. Two-stage exchange arthroplasty with implant 
removal, irrigation and debridement (I&D), and insertion of antibi-
otic spacer, followed by delayed re-implantation has been suggested 
as gold standard for shoulder PJI [3]. However, single-stage exchange 
has also been advocated to achieve similar infection control with a 
single surgery [5–7]. The purpose for this review was to understand 
the roles of single-stage and two-stage exchange revision in the 
sett ing of acute shoulder PJI and 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 two-year follow-up minimum. We identifi ed 12 arti-
cles that evaluated one-stage exchange and 27 articles that evaluated 
two-stage exchange. 

While the defi nition and diagnosis of shoulder PJI is beyond the 
scope of this review, it should be noted that the majority of papers 
reported using preoperative laboratory values (including elevated 
white blood cell count, C-reactive protein (CRP) and/or erythrocyte 
sedimentation rate (ESR)), as well as joint aspiration and/or intra-
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operative cultures with bacterial growth to arrive at the diagnosis 
of shoulder PJI. Clinical fi ndings, such as draining sinus, erythema 
or swelling, were inconsistently reported. There was inconsistent 
reporting and defi nition of the timing of infection as acute, sub-
acute or chronic. The majority of studies report timing of infection 
using terms from Sperling et al. and Strickland et al. with acute 
meaning < 3 months, sub-acute meaning 3-12 months and chronic 
> 12 months [8, 9]. There was relatively consistent reporting of the 
pathogens found either pre- or intraoperatively. Cutibacterium acnes 
(C. acnes) was the most common organism identifi ed with 160 cases 
or 32.9% of all cases followed by Coagulase-negative Staphylococcus 
(CoNS) with 93 cases or 19.1% [2,4,7–15]. There were 57 reported cases 
of poly-microbial infections and 27 cultures that resulted in no 
growth [4,7,10–12].

To address the stated question, we reviewed data on acute 
shoulder PJI pertaining to infection eradication using single or 
two-stage exchange and additional functional outcomes, which are 
summarized in Tables 1 and 2. In total, 161 cases were identifi ed as 
treated with single-stage revision and 325 cases of two-stage revision. 
The majority of studies report timing of infection but few report 

the success of treatment with either single or two-stage exchange 
based on timing of infection. Beekman et al. performed analysis on 
three cases of acute PJI treated with single-stage exchange showing 
no cases with reinfection [5]. Two additional studies with a total 
of three cases of acute PJI found no patients had reinfection [6,10]. 
With two-stage exchange, Buchalter et al. [16] described 1 case of 
acute PJI that had no reinfection. Another study reported 1 case of 
acute PJI that failed treatment with two-stage exchange and had 
persistent infection. In total, four studies reported no cases of rein-
fection with two-stage exchange with specifi c analysis of an acute 
PJI subgroup. 

This review has highlighted gaps that exist in current literature. 
All studies identifi ed were retrospective and thus have substantial 
selection bias. While the fi ndings in aggregate suggest single-stage 
exchange is a viable option for PJI, the numbers were small, and 
there are no studies that control for various risk factors and selec-
tion biases such as the particular pathogen, its antibiotic resistance 
profi le, timing of infection or diagnostic features such as obvious 
clinical fi ndings of infection. Furthermore, there are insuffi  cient 
numbers of studies that provide analysis for treatment of acute 

TABLE 1. Reinfection and complication

One-Stage Patients Reinfection % Pathogens Constant Score Complications

12 Papers 161 Total 5.6% Reinfection 72 P. acnes 49.1 12.70%

6 Acute p < 0.05 29 CoNS 44 Patients 79 Patients

13 Subacute 20 MSSA p < 0.11 p < 0.05

8 Chronic 3 MRSA

Two-Stage Patients Reinfection % Pathogens Constant Score Complications

27 Papers 325 Patients 11.4% 88 P. acnes 51.1 21.90%

47 Acute p < 0.05 64 CoNS 102 Patients 205 Patients

46 Subacute 33 MRSA p < 0.05 p < 0.05

74 Chronic 56 MSSA

TABLE 2. Functional outcome

One-Stage Neer (total) ASES (mean) SST (mean) DASH FF (mean) ABD (mean) ER (mean)

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

Two-Stage Neer (total) ASES (mean) SST (mean) DASH FF (mean) ABD (mean) ER (mean)

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
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shoulder PJI using either single or two-stage exchange with regard to 
complications or functional outcomes. 
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QUESTION 3: What are the indications for one- versus two-stage revision in subacute or chronic 
shoulder periprosthetic joint infection (PJI)?

RECOMMENDATION: The indications for one-stage versus two-stage exchange are unclear at this time. The pooled data demonstrate one-stage 
exchange to be superior to two-stage exchange, 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

A comprehensive literature review was performed to identify all 
studies on revision shoulder arthroplasty for periprosthetic joint 
infection (PJI). Terms used for the search included “infection,” 
“shoulder replacement,” “arthroplasty,” “1-stage,” “2-stage,” “reim-
plantation,” “prosthetic-related infection” and included “resection,” 
“spacer” or “exchange” among others using PubMed, Scopus and 
Embase through February 2018. Inclusion criteria for our systematic 
review were all English language studies (Level I-IV evidence) that 
reported on single or two-stage revision, infection eradication for 
revision shoulder arthroplasty with a minimum follow up of twelve-
months and minimum of fi ve patients for analysis. Exclusion criteria 
for our review were all non-English language studies, papers that 
exclude single or two-stage exchange, review papers, case reports or 
technique articles without outcome data. Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA) criteria were 
applied. Title and abstract screen was conducted of 248 results and 
a full text review of 66, identifi ed 31 articles that met inclusion and 
exclusion criteria for fi nal review.

The purpose for this review was to understand and compare 
the role of single-stage and two-stage exchange for the treatment 
of shoulder PJI. Two-stage exchange arthroplasty with implant 
removal, irrigation and debridement (I&D), insertion of antibiotic 
spacer, antibiotic treatment, followed by re-implantation has been 

suggested as gold standard for treatment of shoulder PJI [1]. Varying 
studies collected demographics, timing of infection, associated 
pathogens, surgical treatment, antibiotics, eradication rate for infec-
tion, surgical complications and functional outcomes with two-year 
follow-up minimum. We identifi ed 12 articles that evaluated one-
stage exchange and 27 articles that evaluated two-stage exchange. The 
majority of papers reported preoperative laboratory values to diag-
nose PJI based on elevated white blood cell count, C-reactive protein 
and/or erythrocyte sedimentation rate. Clinical fi ndings such as 
draining sinus, erythema or swelling were inconsistently reported. 
Most studies reported the number of joint aspirations performed 
and resulted positive with 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 al. and 
Strickland et al. with acute meaning < 3 months, sub-acute meaning 
3-12 months and chronic > 12 months [2,3]. There was consistent 
reporting of the pathogens found either pre- or intraoperatively. 
Cutibacterium acnes (C. acnes) was the most common organism iden-
tifi ed with 160 cases followed by Coagulase-negative Staphylococcus 
(CoNS) with 93 cases [2,4–14]. There were 57 reported cases of poly-
microbial cases and 27 cultures that resulted in no growth [4–8]. 

To address the stated question, we reviewed studies in aggregate 
for sub-acute and chronic infection when treated with either single 


