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Background: The prevalence and outcomes of unexpected positive intraoperative cultures (UPC) in presumed
aseptic revision total knee arthroplasty (TKA) are unclear. The purpose of this study was to determine the
prevalence ofUPCand infection-free implant survival in this patient population. Secondly,we aimed to compare
the infection-free implant survival between cohorts based on number of UPCs and antibiotic treatment.
Methods: We reviewed our institutional database from 2006 to 2019 for all TKA revisions (n ¼ 1795) to
identify all presumed aseptic TKA revisions with intraoperative culture(s). After exclusions, 775 revisions
were eligible and those with UPC were included in the Kaplan-Meier analysis to determine infection-free
implant survival for the cohorts.
Results: The prevalence of UPC was 9.8%. The 2- and 5-year infection-free survival was 97.4% and 95.3%,
respectively. The 5-year infection-free survival from the same microorganism as the UPC was 98.7%.
Infection-free survival was similar for the 1 versus �2 UPC cohorts (P ¼ .416), however was poorer for the
cohort treated with antibiotics (P ¼ .021). Only one of 3 subsequent PJI-related implant failures was
caused by the same microorganism (polymicrobial) as the UPC. There were no subsequent infections in
patients with a single UPC not treated with antibiotics.
Conclusions: The prevalence of UPC was 9.8% and the infection-free implant survival is excellent.
Infection-free survivorship from PJI caused by the same UPC microorganism is outstanding. Comparisons
between cohorts must be interpreted with caution due to study limitations. A single UPC in patents
without other signs of infection does not require antibiotic treatment.
Level of Evidence: IV.
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Currently over 1 million total knee arthroplasty (TKA) are
performed in North America annually [1,2], and this will increase
markedly [1,3]. At the 10-year mark, up to 12% of primary TKA
require revision surgery [4], and the number of revisions is also
projected to increase substantially [3]. Periprosthetic joint infec-
tion (PJI) is a leading cause for revision, is associated with enor-
mous cost and morbidity, and rates are not declining [5e8].
Despite the immense scientific effort there remains no perfect test
to diagnose PJI in TKA [9e11], and a proportion of presumed
aseptic failures may be unrecognized PJI [12e14]. Thus, unex-
pected positive intraoperative cultures (UPC) in presumed aseptic
revisions do occur and can be expected to remain a problem. UPCs
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Table 1
Baseline, Demographic, and Operative Data of Study Population of 76 UPC Revisions.

Variable

Age (y)a 69.3 (9.0)
Sex, F/M, n (%) 47/29 (61.8/38.2)
BMI (kg/m2)b 33.6 (28.6 to 37.8)
ASA classification, n (%)
1 0 (0)
2 18 (23.7)
3 56 (73.7)
4 2 (2.6)

Smoking, n (%) 10 (13.2)
Diabetes, n (%) 18 (23.7)
Anticoagulation, n (%) 7 (9.2)
Inflammatory condition, n (%) 10 (13.2)
Etiology for primary TKA, n (%)
Osteoarthritis 66 (86.8)
Rheumatoid/inflammatory arthritis 5 (6.6)
Avascular necrosis/SONK 2 (2.6)
Post-traumatic arthritis 2 (2.6)
Other 1 (1.3)

Reasons for revision, n (%)
Aseptic loosening 34 (44.7)
Instability 22 (28.9)
Arthrofibrosis 6 (7.9)
Polyethylene wear ± osteolysis 4 (5.3)
Patellar problem 4 (5.3)
Pain no known source 4 (5.3)
Periprosthetic fracture 1 (1.3)
Pain component malposition 1 (1.3)

Revision numberb 1.0 (1.0 to 1.0)
History of prior TKA revision in study joint, n (%) 11 (14.5)
Age of prosthesis (y)b 8.9 (3.3 to 14.6)
History of PJI in study joint, n (%) 2 (2.6)
Preoperative serum CRP >10 mg/L, n (%) 9 (11.8)
Missing data CRP, n (%) 1 (1.3)

Preoperative serum ESR >30mm/h n (%) 7 (9.2)
Missing data ESR, n (%) 1 (1.3)

Preoperative joint aspirate, n (%) 24 (31.6)
Type of revision, n (%)
Patella 4 (5.3)
Modular exchange 8 (10.5)
1-component 8 (10.5)
2-component 56 (73.7)

Antibiotic cement used, n (%) 70 (92.1)
Cemented stems used, n (%) 9 (11.8)

UPC, unexpected positive intraoperative culture; F, female; M,male; BMI, bodymass
index; ASA, American society of anesthesiologists; TKA, total knee arthroplasty;
SONK, spontaneous osteonecrosis of the knee; PJI, periprosthetic joint infection;
CRP, c-reactive protein; ESR, erythrocyte sedimentation rate.

a Values are mean (standard deviation).
b Values are median (interquartile range).

Table 2
Sampling, Microorganism, Treatment, and Outcome Data for Study Population of 76
UPC Revisions.

Variable

Number of samples taken in study revisiona 4 (3.0 to 5.0)
Total samples taken, n 295
Swab samples, n (%) 113 (38.3)
Fluid samples, n (%) 20 (6.8)
Tissue samples, n (%) 162 (54.9)

Total number of UPC’s, n 93
UPC broth, n (%) 48 (51.6)
UPC solid, n (%) 45 (48.4)

1 UPC versus � 2 UPC, n (%)
1 UPC 62 (81.6)
�2 UPC 14 (18.4)

Microorganisms, n (%)b

C. acnes 33 (32.4)
Other CNS 23 (22.5)
MSSE 22 (21.6)
MRSE 1 (1.0)
Streptococcus sp 8 (7.8)
Enterococcus sp 4 (3.9)
Bacillus sp. 3 (2.9)
Corynebacterium sp 2 (2.0)
Others (6 species) 6 (5.9)

Number of revisions resistant UPC, n (%) 4 (5.3)
Number revisions polymicrobial UPC, n (%) 12 (15.8)
Surgical treatment of UPC, n (%) 1 (1.3)
Antibiotic treatment of UPC, n (%) 27 (35.5)
Antibiotic route, n (%)
Oral alone 12 (44.4)
IV alone 9 (33.3)
Combined IV and oral 6 (22.2)

Antibiotic duration, n (%)
�6 wk 25 (92.6)
�3 mo 1 (3.7)
�6 mo 1 (3.7)

Subsequent aseptic revision, n (%)c 4 (5.3)
Etiology subsequent aseptic revision, n (%)
Instability 1 (25.0)
Aseptic loosening 1 (25.0)
Periprosthetic fracture 1 (25.0)
Avascular necrosis patella 1 (25.0)

Time to subsequent aseptic revision (y)d 3.5 (2.7)
Subsequent PJI, n (%) 3 (3.9)
Subsequent PJI microorganism, n (%)
Same as UPC microorganism 0 (0)
Mixed 1 (33.3)
Different than UPC microorganism 2 (66.7)

UPC, unexpected positive intraoperative culture; C. acnes, Cutibacterium acnes; CNS,
coagulase-negative Staphylococcus species; MSSE, methicillin-sensitive Staphylo-
coccus epidermidis; MRSE, methicillin-resistant Staphylococcus epidermidis; sp, spe-
cies; IV, intravenous; PJI, periprosthetic joint infection.

a Values are median (interquartile ranges).
b Reported as microorganism(s) grown from each intraoperative specimen that

was positive (UPC).
c Subsequent aseptic revision after the study revision, censored out of survival

analysis once occurs as subsequent PJI could be caused by subsequent aseptic
revision.

d Values are mean (standard deviation).
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are clinically challenging because the surgeon becomes aware of
the UPC after the presumed aseptic revision surgery, and the
surgical management of aseptic versus infection-related failure
differs substantially.

The prevalence of UPC in presumed aseptic revision TKA re-
mains unclear (4%-38%), as does the optimal treatment and the
clinical consequences in terms of infection-free survival [12,15e19].
The clinical significance of PJI diagnosed by UPC remains contro-
versial, and the significance of a single UPC in presumed aseptic
revision is even more uncertain [15e17,19,20]. The literature on
UPC in revision TKA is inadequate and larger studies are
needed [19].

Our primary aim was to determine the prevalence of UPC in
presumed aseptic revision TKA and the infection-free implant
survival for this cohort. Secondarily, we aimed to compare the
infection-free implant survival between patients with (I) 1
versus �2 UPCs and, (II) UPC(s) treated with antibiotics versus
those presumed to be a contaminant and not treated with
antibiotics.
Patients and Methods

Our prospectivelymaintained institutional databasewas used to
identify all 1,795 revision TKA cases performed at our academic
tertiary care center between January 2006 and April 2019. A retro-
spective review of operative notes and electronic medical records
was performed to apply study inclusion and exclusion criteria. Pa-
tients that underwent presumed aseptic single-stage revision TKA
with intraoperative culture samples(s) taken were eligible for in-
clusion. Revisions with no intraoperative samples taken for culture
were excluded, as were revisions of patellofemoral or uni-
compartmental replacements. Patients on chronic antibiotic sup-
pression for PJI were excluded. Revisions were excluded if PJI was



Fig. 1. Flowchart of eligible aseptic total knee arthroplasty (TKA) revisions and revisions with unexpected positive intraoperative cultures (UPC). *Infection related surgeries include
1-stage, 2-stage, and debridement, antibiotics, and implant retention with modular exchange for periprosthetic joint infection, as well as revisions with known suppressed infection
or those suspected of being infected. yRevisions that had the endpoint of subsequent infection-related implant failure, or those that had subsequent aseptic revision surgery prior to
1-year follow-up were not excluded from survival analysis.
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knownor suspectedpreoperatively, orwerepartof the treatment for
PJI (debridement, antibiotics with retention of nonmodular im-
plants, 1-stage or 2-stage revision for PJI). Patients lost to follow-up
less than 1-year from the index study revisionwere excluded, unless
this was secondary to a subsequent aseptic revision (censored in
survival analysis) or recurrent PJI (study end-point). The base cohort
to determine the prevalence of UPC was comprised of revisions
meeting inclusion/exclusion criteria, and of these, the final UPC
study cohort was comprised of revisions with a minimum of 1 UPC
(organism in broth or sold medium). Ethics approval was obtained
from our institutional research ethics board.

For the UPC study cohort a manual review of electronic medical
records was performed to obtain patient, demographic, laboratory,
microbiological, surgical, treatment, and outcome data (Tables 1
and 2). All revisions were evaluated preoperatively for PJI both
clinically and with serum C-reactive protein and erythrocyte
sedimentation rate, only obtaining a joint fluid aspirate if any of
these parameters were suspicious for PJI. The number and type
(swab, fluid aspirate, tissue) of intraoperative samples taken for
culture was not standardized and was dependent on the prefer-
ence of the treating surgeon (9 surgeons). For each UPC, the
microorganism, antibiotic sensitivities, and broth or solid medium
status was documented. Each individual intraoperative sample
sent for culture that had growth of a microorganism(s) was
considered a single UPC. All cement in revisions contained anti-
biotics (Bone Cement Antibiotic Simplex P with Tobramycin 1g;
Stryker, Kalamazoo, MI). All patients received postoperative anti-
biotic prophylaxis (Ancef unless patient allergy). The duration of
postoperative prophylactic antibiotics varied (1-5 days) based
solely on the differing routine revision prophylactic preferences of
the treating surgeons.

Antibiotic treatment of UPC(s) was defined as the administra-
tion of microorganism-specific antibiotics for the purpose of
treating an UPC after the UPC was discovered. Postoperative



Table 3
Patient, Operative, Microorganism, and Treatment Data for Revisions With an UPC that had a Subsequent PJI-Related Implant Failure.

Variable Case 1 Case 2 Case 3

Age (y) 73 68 90
Sex Female Female Male
BMI (kg/m2) 30.7 55.8 27.1
Etiology for primary TKA Osteoarthritis Osteoarthritis Osteoarthritis
Revision number 1 1 1
Age of prosthesis (y) 8 17 4
Reason for revision Aseptic loosening Aseptic loosening Instability
History of PJI in study joint No No No
Preoperative serum CRP (mg/L) 0.3 8.5 1.2
Preoperative serum ESR (mm/h) 9 13 7
Preoperative joint aspirate No Yes No
Type of revision 2-component 2-component Modular exchange
Number of UPC’s 1 1 1
UPC solid or broth Solid Broth Broth
UPC microorganism(s) C. acnes Staph warneri MRSE
Surgical treatment UPC No No No
Antibiotic treatment UPC 6 wk oral 6 wk oral 6 wk oral
Time to subsequent PJI (y) 0.2 0.3 2.7
Microorganism(s) subsequent PJI C. acnes þ Proteus Mirabilis MSSA Culture-negative

UPC, unexpected positive intraoperative culture; PJI, periprosthetic joint infection; BMI, body mass index; TKA, total knee arthroplasty; CRP, c-reactive protein; ESR,
erythrocyte sedimentation rate; C. acnes, Cutibacterium acnes; Staph, Staphylococcus; MRSE, methicillin-resistant Staphylococcus epidermidis; MSSA, methicillin-sensitive
Staphylococcus aureus.
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antibiotic prophylaxis was not considered as UPC antibiotic treat-
ment. There was neither a predefined treatment protocol for UPC at
our institution, nor routine interdisciplinary rounds. UPC treatment
decisions were made on a case-by-case basis with the surgeon and
an infectious disease specialist based on a combination of patient,
surgical, and microbiologic factors.

Infection-related implant failure was defined as the occurrence
of infection that required antibiotic treatment or revision surgery
for PJI at any time after the index study revision. Since the year
2012, the diagnosis of PJI at our institution was made according to
Fig. 2. Kaplan-Meier 5-year infection-free survival for entire unexpected positive intraope
data.
the Musculoskeletal Infection Society definition for PJI criteria and
updated versions [9,10]. The causative microorganism(s) of any
subsequent PJI-related failure was recorded and compared to the
microorganism(s) of the index revision surgery UPC. All subse-
quent PJI was treated with surgery and antibiotics. If a subsequent
aseptic revision occurred it was documented, as well as the eti-
ology and time from index study revision. Latest EMR clinical
follow-up was used as latest follow-up, unless subsequent PJI,
subsequent aseptic revision, or death occurred first (in order of
occurrence).
rative culture cohort in presumed aseptic knee revisions. Vertical spikes are censored
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Secondary study aims were accomplished by creating cohorts
from the UPC study cohort: (I) a 1 UPC versus �2 UPC cohort
based on number of UPCs, and (II) an UPC treated with antibiotics
cohort versus not treated with antibiotics cohort (considered
contaminant).

Statistical Analysis

Statistical analysis was performed using the SPSS v26.0 (IBM
Inc, Armonk, NY). Medians and interquartile ranges (IQR) or
means and standard deviations (SD) were used, when appro-
priate. The Kaplan-Meier technique with 95% confidence
intervals (CI) was used to determine the infection-free implant
survival at 2 and 5-years for UPC study cohort, with subsequent
PJI as the end-point. Patients who died, underwent subsequent
aseptic revision, or were lost to follow-up after the 1-year mark
were censored. The 5-year Kaplan-Meier survival was repeated
for the entire UPC cohort using subsequent PJI caused by same
microorganism as the UPC as the end-point. The 5-year infection-
free survival was also calculated for all cohorts of interest. Log-
rank tests were used to compare infection-free survival
between cohorts. Continuous data was compared using Mann-
Whitney U tests or 2-sample t tests for nonparametric and
parametric data, respectively. The ShapiroeWilk test was used to
test normality. Categorical data was compared using the Pear-
son’s chi-squared test or Fisher’s exact test, when appropriate.
Statistical significance was 2-tailed and set at a P-value � .05.

Results

The base cohort was comprised of 775 single-stage presumed
aseptic revisions with intraoperative cultures taken (Fig. 1). The
prevalence of �1 UPC in presumed aseptic revision TKA was 9.8%
Fig. 3. Kaplan-Meier 5-year infection-free survival for entire unexpected positive intraoper
microorganism as the UPC as the endpoint. Vertical spikes are censored data.
(76/775).No revisionswere lost to follow-upbefore1-year for reasons
other than subsequent aseptic revision or PJI. The median follow-up
time was 3.6 years (IQR 2.0 to 6.2). Ten revisions with an UPC died
at a mean of 5.3 years (SD 2.5), none before the 1-year mark.

Baseline and operative data for UPC cohort is shown in Table 1.
Aseptic loosening and instability were the dominant modes of
failure, preoperative serum C-reactive protein and erythrocyte
sedimentation rate were elevated in 11.8% (9) and 9.2% (7) of
revisions, and 31.6% (24) of revisions underwent a preoperative
joint aspiration. The majority (73.7%) of patients underwent a
2-component revision. Microbiological, treatment, and outcome
data analyzed (Table 2) show that 54.9% (162) of operative samples
for culture were tissue and a median 4 samples (IQR 3 to 5) were
taken per revision. Nearly 82% (62) of the cohort had a single UPC
and 51.6% (48) of UPCs were grown in broth only. Coagulase-
negative Staphylococcus species comprised 45.1% of all microor-
ganisms, with 21.6% methicillin-sensitive Staphylococcus epi-
dermidis and 23.5% other Coagulase-negative Staphylococcus species
(Table 2). The most common microorganism grown in UPC was
Cutibacterium acnes (C. acnes) (32.4%). Only 35.5% (27) of patients
received antibiotic treatment for their UPC, the vast majority
(92.6%) for duration of �6 weeks, though route of antibiotics varied
(Table 2).

Three patientswerediagnosedwith a subsequent PJI at amean of
1.1 years (SD 1.4) (Table 3). Of note, 2/3 of subsequent PJIs were
caused by a different microorganism than the UPC, and 1/3 was
polymicrobial with 1 causative microorganism the same as the UPC
(Tables 2 and 3). The 2- and 5-year infection-free survival for the
entireUPC cohortwas97.4% (95%CI 95.6% to99.2%) and95.3% (92.6%
to 98.0%), respectively (Fig. 2). When considering only infection-
related implant failure caused by the same microorganism as the
UPC as the endpoint, the 5-year infection-free survival for the entire
UPC cohort was 98.7% (95% CI 97.4% to 100%) (Fig. 3).
ative culture (UPC) cohort with subsequent periprosthetic joint infection by the same



Table 4
Baseline, Demographic, Operative, Microbiological, Treatment, and Outcome Data for Revisions With 1 UPC Versus �2 UPC.

Variable 1 UPC (n ¼ 62) �2 UPC (n ¼ 14) P Value

Age (y)a 69.2 (8.8) 69.6 (9.8) .872
Sex, F/M, n (%) 36/26 (58.1/41.9) 11/3 (78.6/21.4) .154
BMI (kg/m2)b 33.3 (28.5 to 38.0) 34.7 (31.3 to 38.2) .445
ASA classification, n (%) .294
1 0 (0) 0 (0)
2 16 (25.8) 2 (14.3)
3 45 (72.6) 11 (78.6)
4 1 (1.6) 1 (7.1)

Diabetes, n (%) 15 (24.2) 3 (21.4) 1.000
Inflammatory condition, n (%) 9 (14.5) 1 (7.1) .678
Etiology for primary TKA, n (%) .678
Osteoarthritis 53 (85.5) 13 (92.9)
Other 9 (14.5) 1 (7.1)

Reasons for revision, n (%) .926
Aseptic loosening 29 (46.8) 5 (35.7)
Instability 17 (27.4) 5 (35.7)
Arthrofibrosis 5 (8.1) 1 (7.1)
Polyethylene wear ± osteolysis 3 (4.8) 1 (7.1)
Patellar problem 3 (4.8) 1 (7.1)
Pain no known source 3 (4.8) 1 (7.1)
Periprosthetic fracture 1 (1.6) 0 (0)
Pain component malposition 1 (1.6) 0 (0)

History of prior TKA revision in study joint n (%) 10 (16.1) 1 (7.1) .678
Age of prosthesis (y)b 8.7 (3.1 to 13.9) 12.0 (5.5 to 16.3) .366
History of PJI in study joint, n (%) 2 (3.2) 0 (0) 1.000
Pre-operative serum CRP >10 mg/L, n (%) 8 (12.9) 1 (7.1) 1.000
Pre-operative serum ESR >30 mm/h, n (%) 6 (9.7) 1 (7.1) 1.000
Preoperative joint aspirate, n (%) 20 (32.3) 4 (28.6) 1.000
Type of revision, n (%) .391
Patella 2 (3.2) 2 (14.3)
Modular exchange 7 (11.3) 1 (7.1)
1-component 7 (11.3) 1 (7.1)
2-component 46 (74.2) 10 (71.4)

Number of samples taken in study revisionb 4.0 (3.0 to 5.0) 4.0 (3.0 to 5.0) .217
Swab used for culture in revision, n (%) 43 (69.4) 11 (78.6) .745
Fluid used for culture in revision, n (%) 16 (25.8) 4 (28.6) 1.000
Tissue used for culture in revision, n (%) 50 (80.6) 9 (64.3) .284
UPC broth or solid, n (%) .379
Broth 30 (48.4) 18 (58.1)
Solid 32 (51.6) 13 (41.9)

Microorganisms, n (%)c .029
C. acnes 24 (36.9) 9 (24.3)
Other CNS 16 (24.6) 7 (18.9)
MSSE 8 (12.3) 14 (37.8)
MRSE 1 (1.5) 0 (0)
Streptococcus sp 6 (9.2) 2 (5.4)
Enterococcus sp 1 (1.5) 3 (8.1)
Others 9 (13.8) 2 (5.4)

Number of revisions resistant UPC, n (%) 2 (3.2) 2 (14.3) .152
Antibiotic treatment of UPC, n (%) 18 (29.0) 9 (64.3) .027
Antibiotic route, n (%) .123
Oral alone 10 (55.6) 2 (22.2)
IV alone 6 (33.3) 3 (33.3)
Combined IV and oral 2 (11.1) 4 (44.4)

Antibiotic duration, n (%) .103
�6 wk 18 (100.0) 7 (77.8)
�3 mo 0 (0) 1 (11.1)
�6 mo 0 (0) 1 (11.1)

Subsequent aseptic revision, n (%)d 2 (3.2) 2 (14.3) .152
Subsequent PJI, n (%) 3 (4.8%) 0 (0) 1.000
Subsequent PJI microorganism, n (%) Not applicable
Same as UPC microorganism 0 (0) Not applicable
Mixed 1 (33.3) Not applicable
Different than UPC microorganism 2 (66.7) Not applicable

UPC, unexpected positive intraoperative culture; F, female; M, male; BMI, body mass index; ASA, American society of anesthesiologists; TKA, total knee arthroplasty; PJI,
periprosthetic joint infection; CRP, c-reactive protein; ESR, erythrocyte sedimentation rate; C. acnes, Cutibacterium acnes; CNS, coagulase-negative Staphylococcus species;
MSSE, methicillin-sensitive Staphylococcus epidermidis; MRSE, methicillin-resistant Staphylococcus epidermidis; sp, species; IV, intravenous.

a Values are mean (standard deviation).
b Values are median (interquartile ranges).
c Reported as microorganism(s) grown from each intraoperative specimen that was positive (UPC).
d Subsequent aseptic revision after the study revision, censored out of survival analysis once occurs as subsequent PJI could be caused by subsequent aseptic revision.
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Fig. 4. Kaplan-Meier 5-year infection-free survival for the 1 versus �2 unexpected positive intraoperative culture (UPC) cohorts. Vertical spikes are censored data.
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The vast majority of variables showed no statistical difference
between the 1 UPC versus �2 UPC cohorts, however there was
variability (Table 4). C. acnes was the most common microor-
ganism in the single UPC cohort whereas methicillin-sensitive
Staphylococcus epidermidis was in the �2 UPC cohort, and the
proportions of microorganisms differed (P ¼ .029). The �2 UPC
cohort was more likely to receive antibiotic treatment (64.3%
versus 29.0%, P ¼ .027). The differences in route (P ¼ .123) and
duration (P ¼ .103) of antibiotic treatment between cohorts were
not statistically significant. All 3 of the subsequent PJIs were in
the single UPC cohort (P ¼ 1.000). However, the 5-year infection-
free survival was similar for the 1 UPC versus �2 UPC cohorts, at
94.3% (95% CI 91.0% to 97.6%) and 100%, respectively (P ¼ .416)
(Fig. 4).

The majority of variables were statistically similar for the UPC
cohorts that did versus did not receive antibiotic treatment,
however important differences were noted (Table 5). The anti-
biotic treatment cohort had a higher proportion of �2 UPCs
(33.3% versus 10.2%, P ¼ .027). Differences in American Society of
Anesthesiologists classification (P ¼ .078), UPCs from swab
samples (P ¼ .064), UPCs from tissue samples (P ¼ .094), UPC
microorganisms (P ¼ .100), and antibiotic resistant microorgan-
isms (P ¼ .125) between cohorts were not statistically significant.
All 3 subsequent PJIs were in the antibiotic treatment cohort
(P ¼ .042) and the 5-year infection-free survival was worse for
the antibiotic treatment cohort compared to the no antibiotic
treatment cohort, at 87.4% (95% CI 80.5% to 94.3%) and 100%,
respectively (P ¼ .021) (Fig. 5). However, no patient with a single
UPC without antibiotic treatment had a subsequent PJI-related
implant failure. Of note, there were no recurrent infections in
patients with �2 UPCs, but the majority received antibiotic
treatment and numbers were low.
Discussion

Literature on the prevalence, clinical significance, and outcomes
of UPC in presumed aseptic revision TKA is limited, with no clear
consensus. By examining a large cohort from our institution, we
sought to determine the prevalence of UPC and infection-free
implant survival in this patient population.

The prevalence of 9.8% in our study is consistent with the
mean prevalence of 10.5% (379/3,605) for revision total hip (THA)
and TKA reported in a review of the literature (19). However, the
reported prevalence varied substantially (4%-38%), only 111 TKA
with UPC were included, and UPC in THA was twice more com-
mon than TKA [19]. This variability is due to significant hetero-
geneity between studies [19]. We included broth only UPCs
because the specificity of these cultures has been shown to be
high [21], and other studies have as well [15e17]. Studies that
include a single UPC tend to report a higher incidence
[17,22e24], however, this is not universal [15], and those
reporting on �2 UPC vary as well [19]. Barrack et al [15] reported
a prevalence of UPC in presumed aseptic revision TKA of 5.9%
with 29/41 single UPCs, Saleh et al [17] reported 10% combined
for TKA and THA including single UPCs, and Jacobs et al [16]
reported 7.9% in TKA patients when only considering �2 UPC as
significant. In our institution the prevalence of �2 UPC was only
1.8%. Our results support the indolent nature of microorganisms
in UPC [15e17], however virulent and antibiotic resistant mi-
croorganisms did occur but were rare [17,19].

The 2- and 5-year infection-free survival for the entire UPC
cohort was excellent at 97.4% and 95.3%, respectively. The causative
microorganism in 2/3 of the subsequent PJIs was different than the
UPC and the 5-year infection-free survival was outstanding (98.7%)
when considering only infection-related failure caused by UPC



Table 5
Baseline, Demographic, Operative, Microbiological, Treatment, and Outcome Data for UPC Revisions Treated With Antibiotics Versus Those Not Treated With Antibiotics.

Variable Antibiotic Treatment (n ¼ 27) No Antibiotic Treatment (n ¼ 49) P Value

Age (y)a 69.6 (9.9) 69.1 (8.5) .808
Sex, F/M, n (%) 19/8 (70.4/29.6) 28/21 (57.1/42.9) .256
BMI (kg/m2)b 34.2 (29.3 to 39.5) 32.8 (27.9 to 37.7) .259
ASA classification, n (%) .078
1 0 (0) 0 (0)
2 4 (14.8) 14 (28.6)
3 21 (77.8) 35 (71.4)
4 2 (7.4) 0 (0)

Diabetes, n (%) 6 (22.2) 12 (24.5) .824
Inflammatory condition, n (%) 4 (14.8) 6 (12.2) .737
Etiology for primary TKA, n (%) .737
Osteoarthritis 23 (85.2) 43 (87.8)
Other 4 (14.8) 6 (11.2)

Reasons for revision, n (%) .684
Aseptic loosening 14 (51.9) 20 (40.8)
Instability 7 (25.9) 15 (30.6)
Arthrofibrosis 1 (3.7) 5 (10.2)
Polyethylene wear ± osteolysis 3 (11.1) 1 (2.0)
Patellar problem 1 (3.7) 3 (6.1)
Pain no known source 1 (3.7) 3 (6.1)
Periprosthetic fracture 0 1 (2.0)
Pain component malposition 0 1 (2.0)

History of prior TKA revision in study joint n (%) 3 (11.1) 8 (16.3) .737
Age of prosthesis (y)b 10.9 (4.0 to 17.0) 8.6 (2.9 to 13.4) .373
History of PJI in study joint, n (%) 1 (3.7) 1 (2.0) 1.000
Pre-operative serum CRP >10mg/L, n (%) 4 (14.8) 5 (10.2) .714
Pre-operative serum ESR >30mm/h, n (%) 2 (7.4) 5 (10.2) 1.000
Preoperative joint aspirate, n (%) 8 (29.6) 16 (32.7) .786
Type of revision, n (%) .690
Patella 2 (7.4) 2 (4.1)
Modular exchange 2 (7.4) 6 (12.2)
1-component 4 (14.8) 4 (8.2)
2-component 19 (70.4) 37 (75.5)

Number of samples taken in study revisionb 4 (3.0 to 5.0) 4 (3.0 to 5.0) .485
1 UPC versus � 2 UPC, n (%) .027
1 UPC 18 (66.7) 44 (89.8)
�2 UPC 9 (33.3) 5 (10.2)

UPC from swab sample, n (%) 22 (56.4) 20 (37.0) .064
UPC from fluid sample, n (%) 0 (0) 1 (1.9) 1.000
UPC from tissue sample, n (%) 17 (43.6) 33 (61.1) .094
UPC broth or solid, n (%) .371
Broth 18 (46.2) 30 (55.6)
Solid 21 (53.8) 24 (44.4)

Microorganisms, n (%)c .100
C. acnes 11 (24.4) 22 (38.6)
Other CNS 11 (24.4) 12 (21.1)
MSSE 14 (31.1) 8 (14.0)
MRSE 1 (2.2) 0 (0)
Streptococcus sp 2 (4.4) 6 (10.5)
Enterococcus sp 3 (6.7) 1 (1.8)
Others 3 (6.7) 8 (14.0)

Number of revisions resistant UPC, n (%) 3 (11.0) 1 (2.0) .125
Subsequent aseptic revision, n (%) 2 (7.4) 2 (4.1) .612
Subsequent PJI, n (%) 3 (11.1) 0 (0) .042
Subsequent PJI microorganism, n (%)d Not applicable
Same as UPC microorganism 0 (0) Not applicable
Mixed 1 (33.3) Not applicable
Different than UPC microorganism 2 (66.7) Not applicable

UPC, unexpected positive intraoperative culture; F, female; M, male; BMI, body mass index; ASA, American society of anesthesiologists; TKA, total knee arthroplasty; PJI,
periprosthetic joint infection; CRP, c-reactive protein; ESR, erythrocyte sedimentation rate; C. acnes, Cutibacterium acnes; CNS, coagulase-negative Staphylococcus species;
MSSE, methicillin-sensitive Staphylococcus epidermidis; MRSE, methicillin-resistant Staphylococcus epidermidis; sp, species.

a Values are mean (standard deviation).
b Values are median (interquartile ranges).
c Reported as microorganism(s) grown from each intraoperative specimen that was positive (UPC).
d Subsequent aseptic revision after the study revision, censored out of survival analysis once occurs as subsequent PJI could be caused by subsequent aseptic revision.
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microorganism. Although subsequent PJIs caused by different mi-
croorganisms than the UPC likely represent a new infection, it is
plausible that these microorganisms were present during the study
revision but missed due to the limited sensitivity of cultures in PJI
[25]. A high proportion of subsequent PJI caused by a different
microorganism than the UPC is common, however factors associ-
ated with re-infection by the same microorganism have been
identified [12,16,17,19]. Our results were consistent with the



Fig. 5. Kaplan-Meier 5-year infection-free survival for the unexpected positive intraoperative culture cohort treated with antibiotics (yes) versus not treated with antibiotics (no).
Vertical spikes are censored data.
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majority of literature [16,17,19,23,24,26], however, only 2 studies
report the survival of TKA separate from THA [15,16], and most
studies reporting similar survival were limited by short term
follow-up or used advanced molecular or sonification techniques
[12,24,27,28]. Barrack et al [15] reported that only 2/41 of presumed
aseptic TKA revisions with UPCwent onto subsequent PJI. However,
Jacobs et al [16] showed a 2-year survival of 88% in 17 TKAwith �2
UPC, lower than that of the true aseptic TKA cohort.

Our infection-free survival was similar for the 1 UPC versus �2
UPC cohorts. This must be interpreted with caution due to differ-
ences between cohorts (microorganisms, antibiotic treatment). In
addition, all of the subsequent infections were in the 1 UPC cohort,
which is contrary to most literature [15,19,29], but not all [17].
Possible explanations for this in our study include differences in the
proportion treated with antibiotics and causative microorganisms,
the high proportion of 2-component revisions, the low sample size of
the �2 UPC cohort, or other differences between cohorts not
accounted for due to the retrospective nature of the study. In addi-
tion, the higher proportion of antibiotic treatment in the �2 UPC
cohort may have significantly improved the infection-free survival.

Treatment protocols vary considerably in the literature
[15,19,26]. In our study only 35.5% (27) of patients received anti-
biotic treatment for their UPC(s), and of these, 92.6% (25) were
treated for �6 weeks. Surprisingly, the infection-free survival was
worse for the antibiotic treatment cohort. Similar results have been
reported [12,26], however, one can’t conclude that antibiotic
treatment is associated with a higher risk of subsequent PJI based
on our data. Differences between cohorts, lack of a standardized
UPC treatment protocol, and the retrospective nature of our study
introduced a selection bias for those treated with antibiotics. Pa-
tients treated with antibiotics likely shared a higher degree of
clinical suspicion for PJI or other factors that influenced clinicians to
treat medically. The worse survival of the antibiotic treatment
cohort may reflect that those treated with antibiotics were more
likely to be true PJI as compared to noninfected cases.

Several studies excluded revisions with only a single UPC
[16,19,26], while others have questioned their clinical significance
[15,19,23]. No patient in our study with a single UPC deemed not to
require antibiotic treatment had a subsequent PJI-related implant
failure. These results suggest that a single UPC without signs of
infection is likely a contaminant and does not require antibiotic
treatment, and support the conclusions of Barrack et al [15]. We are
unable to draw any meaningful conclusions on antibiotic treatment
and the significance of all �2 UPC in presumed aseptic revisions,
however it has been shown that even a single UPC with a high
virulence microorganism in a patient not meeting Musculoskeletal
Infection Society criteria may represent an infection and require
antibiotic treatment [17].

Our study has several limitations. Lack of a standardized UPC
treatment protocol, preoperative PJI screening protocol, and the
retrospective design of this study is subject to associated biases,
most of which are discussed above. Frozen sections are not
routinely sent during aseptic revisions at our institution. It is
possible that utilization of intraoperative frozen sections may have
impacted UPC number. Common to most of the UPC literature, the
type and number of intraoperative samples taken for culture was
not standardized and both are important in detecting microor-
ganisms and PJI [22,30,31]. This in an important confounding factor
to consider when interpreting our results as allocation of cases into
study cohorts may have been affected. However, the majority of our
cohort had an extended anerobic incubation time of 10 days [32].
Our study had no exclusions for death or inadequate/loss to follow-
up, but not all patients were at the survival analysis time endpoints
from the study revision surgery. Patients can be to be lost to follow-
up at tertiary care centers, however when revisions we perform
have complications, they are sent back to us for management or at
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minimum we are notified. Lastly, our study was underpowered to
detect differences between cohorts for secondary outcomes of in-
terest. Although encouraging, our low event rate (n ¼ 3) prohibited
use of regression analysis to identify factors associated with sub-
sequent infection-related failure. Nevertheless, this study is the
largest series of UPC in TKA in the literature, does not confound TKA
results with those of THA [16], and inclusion of a single UPC pro-
vides data on a common and clinically relevant challenge for
clinicians.

In conclusion, the prevalence of UPC in presumed aseptic revi-
sion TKA is 9.8% and the 2- and 5-year infection-free survival is
excellent. Infection-free survival when only considering subse-
quent PJI caused by the same UPC microorganism is outstanding.
The majority of subsequent PJI-related failures were caused by a
different microorganism than the UPC. Infection-related survival
was similar between the 1 and �2 UPC cohorts and the cohort
treated with antibiotics had an inferior survival compared to those
not treated with antibiotics. However, these findings must be
interpreted with caution due to selection biases and study limita-
tions. Patients with a single UPC deemed not to require antibiotic
treatment had no subsequent PJI-related implant failures, strongly
suggesting that a single UPC without signs of infection is likely a
contaminant and does not require antibiotic treatment.
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