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QUESTION 3: What is the treatment (if any) for unexpected positive cultures (UPC) in revision 
shoulder arthroplasty without clinical or radiographic signs of infection?

RECOMMENDATION: Unknown. Few publications off er protocols for addressing unexpected positive cultures. Of these, the most common 
options include antibiotics, re-operation and withholding any treatment. The lack of comparative data on outcomes of these therapy regimens 
makes it diffi  cult to conclusively determine optimal management.

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 unexpected positive cultures (UPC) in shoulders 
undergoing revision arthroplasty. Searches for the terms “unex-
pected,” “infection,” “positive culture,” “indolent infection,” “gram-
positive bacterial infections,” “prosthesis-related infections” and 
“shoulder joint,” “shoulder,” “arthroplasty,” “total joint,” “replace-
ment,” “periprosthetic,” “peri-implant,” “shoulder prosthesis” were 
performed using the search engines PubMed, Embase and Scopus. 
These searches were conducted in February 2, 2018 and include 
results published through that time. Inclusion criteria included 
patients undergoing revision shoulder arthroplasty, with no clin-
ical or radiographic signs of infection, who had positive cultures 
taken from the shoulder undergoing the revision. Only studies that 
focused on the potential treatment of these UPCs were included. 
Only English-language studies that presented original data on more 
than fi ve patients meeting inclusion criteria were included. For arti-
cles with both unexpected positive cultures and known septic revi-
sions, the patients with UPC were included in the review if the data 
was reported such that the patients meeting inclusion criteria could 
be separated. Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) criteria were followed. Eight articles met 
inclusion and exclusion criteria.

Of the eight studies [1–8] returned that allude to treatment of 
UPCs, only six described their treatment protocol, but these do not 
allow for defi nitive conclusions to be drawn regarding the eff ect of 
each treatment type on outcomes, if any were reported (see Table 
1) [1–6]. Despite neither providing a methodology for treatment 
assignment, nor results that were not in aggregate, Foruria et al. [3] 
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 [3]. In the study by Hsu et al. [5], a more standard-
ized treatment protocol was developed and applied to their sample 
of 55 patients. However, this study was limited by the use of a control 
cohort (that received a diff erent 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 three patients in both the culture-positive 
cohort (defi ned as at least two UPC, n = 27) and the control cohort 
(zero or one UPC, n = 28) required a subsequent procedure. None 
of these three culture-positive cohort patients, who received the 
extended antibiotic regimen, had subsequent positive cultures at 
their revision, while one of three control cohort patients did [5]. Two 
studies do present this data, but it is not robust [7,8]. Few studies fully 
meet the defi ned inclusion and exclusion criteria, and many of these 
report results in an aggregate. Only two studies compare diff erent 
treatment options using non-aggregated outcomes.

Padegimas et al. [7] compared individuals undergoing shoulder 
arthroplasty revision, 28 of which had UPC and 89 who did not. They 
noted that all patients received the authors’ standard, postoperative 
empirical oral antibiotics for two weeks and then may continue to 
receive antibiotics for an additional six weeks depending on culture 
results, presentation and intraoperative fi ndings. One of the 10 
patients who did not receive the additional 6-week regimen had rein-
fection. Of note though, there were three other patients who did not 
have UPCs who developed reinfection as well. A higher percentage 
of UPC patients underwent reoperation (20.2%) than those without 
UPC (7.1%), but this diff erence did not reach statistical signifi cance 
(p = 0.109) [7].

In the study by Piggot et al. [8], 8 shoulders of the 24 with 
positive C. acnes cultures that they studied were “unexpected” as 
defi ned by our inclusion criteria. The primary outcome used in 
this study was termed “a favorable clinical outcome,” which was 
defi ned as a post-treatment improvement in pain and function 
and a lack of additional operations. This metric was assessed at 
the latest possible clinical visit. Four of these eight UPC patients 
met the favorable clinical outcome endpoint; three did not, and 
one was lost to follow-up. The antibiotics that each of these eight 
patients received varied by clinical judgment and susceptibility 
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and is not well-reported. The addition of rifampin, and its dura-
tion, however, is well-documented. Of the four patients who had 
a favorable outcome, rifampin was added to the unspecifi ed anti-
biotic regimen for each one with an average duration of 608.5 days 
(range 126–1,540 days). Of the three patients without a favorable 
clinical outcome, one received unspecifi ed antibiotics plus 
rifampin for 196 days; one received unspecifi ed antibiotics alone 
for 189 days, and one underwent surgery [8].

There is a clear need for additional research into treatment 
options for UPC. The comparative studies are weak and under-

powered and a dearth of randomized controlled trials of medical 
management is apparent. No conclusion can be made at this time as 
to what treatment option, if any, is appropriate for UPCs.
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QUESTION 4: What is the role of quantitative evaluation (e.g., density of bacteria, 
cuti (propi) score) of positive cultures from the shoulder?

RECOMMENDATION: Semi-quantitative and quantitative reporting of bacterial culture results may have clinical utility for the diagnosis of 
shoulder periprosthetic joint infection (PJI) and may be used to interpret the relevance of positive cultures.

LEVEL OF EVIDENCE: Limited

DELEGATE VOTE: Agree: 96%, Disagree: 0%, Abstain: 4% (Unanimous, Strongest Consensus)

RATIONALE

Introduction
Approaches to quantifying the bacterial load at the time of revision 
shoulder arthroplasty.

Infection is an especially problematic and potentially devas-
tating complication of elective major joint arthroplasty. There is 
extensive recent interest in PJI of knee and hip arthroplasty leading 
to protocols for prevention, evaluation and management of PJI. 
Investigation of PJI of the shoulder has lagged in part due to the 
limited numbers of primary shoulder arthroplasty cases, the rela-
tively infrequent recognition of PJI, and the diffi  culty in applying 
the traditional criteria for hip and knee PJI to the shoulder due to the 
issue of “stealth” presentation of Propionibacterium, frequently occur-
ring at times long after the index procedure. 

The diagnosis and management of a prosthetic joint infection 
is dependent upon identifying the pathogen. Prior to the recogni-
tion of Cutibacterium as a defi nite pathogen, it was not uncommon 
for cases of shoulder PJI to be unrecognized. More recent studies 
have att empted to determine the optimal approach to evaluation of 
potential shoulder PJI. This includes specifi c approaches to specimen 
harvest, culturing method and culture observation appropriate for 
identifying Cutibacterium. 

While the results of a specimen culture are often reported as 
being “positive” or “negative,” it is now apparent that the degree of 
positivity – that is the number of bacteria in the specimen – can vary 
widely. Quantitative cultures have been used by clinicians to esti-
mate the threshold above which the bacterial burden will likely be 
of clinical signifi cance [1]. Low levels of bacterial growth from a spec-
imen may be of less clinical signifi cance than high levels. In deter-
mining the clinical importance of any level of bacterial growth, it is 
also important to know the degree to which control specimens (i.e., 
a sterile sponge opened in the operating room (OR) without contact 
with the patient’s tissue) demonstrate bacterial growth [2,3].

Quantitative culture results have been used to evaluate wound 
infection, urinary tract infections and bronchial brushings. In the 
case of urine the actual colony count of a urine specimen is neces-
sary (one colony equals one colony-forming unit or CFU) and a 

positive culture with 100,000 CFU is considered to be indicative of 
a urinary tract infection [4]. A number of studies have investigated 
the relevance of bacterial count to wound healing. Bacterial counts 
above 10,000 to 100,000 are thought to be indicative of infection 
and delayed healing [5]. More recent work supports this concept 
but suggests that there is litt le to no benefi t of quantitative biopsy 
analyses or quantitative wound surface cultures, with several studies 
fi nding a low correlation of culture to infection. The problem with 
any threshold, such as 100,000 CFU is that there can be no clinically 
signifi cant diff erence between a count of 100,010 and 99,990.

Most standard bacterial cultures are evaluated using a semi-
quantitative technique in which cultures are inoculated onto 
medium using a sterile loop that sequentially dilutes the specimen 
from the fi rst area or quadrant of the medium to the last area or quad-
rant. Results are often reported as 1+, 2+, 3+ or 4+ (or as text, using 
such terms as “trace,” “few,” “moderate” or “abundant”), depending 
on which areas or quadrants demonstrate bacterial growth [1,6,7].

Bacterial load, the virulence of the organism, variations in host 
response and wound environment all may contribute to deter-
mining the eff ect of the bacteria in the wound. Despite this, the 
literature on shoulder PJI suggests wide variability in culture prac-
tice and rarely considers semi-quantitative or quantitative culture 
results [8]. The purpose of this systematic review was to identify 
information regarding quantitative evaluation of bacterial cultures 
and to relate this to the evaluation and management of shoulder PJI.

Methods
A Scopus search was performed with the query “(shoulder OR 

“upper extremity”) AND (arthroplasty OR replacement OR revision) 
AND (culture OR microbiologic OR microbiology).” The resulting 
titles, abstracts and full text (127) from this query were reviewed for 
relevance to the question of number of samples for culture, spec-
imen type and anatomic locations. All pertinent articles were then 
fully reviewed and any other pertinent citations in these gathered 
articles were obtained and reviewed. Based upon the fi ndings of this 
review and review of the manuscript reference lists, an additional 


