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s u m m a r y 

Background: The positive-intraoperative-cultures-type prosthetic joint infection (PIOC-PJI) is considered 

when surgical cultures yield microorganisms in presumed aseptic arthroplasty revisions. Herein we assess 

the risk factors for failure in the largest cohort of PIOC-PJI patients reported to date. 

Methods: A retrospective, observational, multicenter study was performed during 2007–2017. Surgeries 

leading to diagnose PIOC-PJI included only one-stage procedures with either complete or partial prosthe- 

sis revision. Failure was defined as recurrence caused by the same microorganism. 

Results: 203 cases were included (age 72 years, 52% females). Coagulase-negative staphylococci ( n = 125, 

62%) was the main etiology, but some episodes were caused by virulent bacteria ( n = 51, 25%). Pros- 

thesis complete and partial revision was performed in 93 (46%) and 110 (54%) cases, respectively. After 
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Arthroplasty revision surgeries due to non-infectious causes 

i.e., prosthetic loosening) are frequent over the lifetime of a pros- 

hetic joint. 1 In this setting, a number of intraoperative cultures 

ometimes yield clinically significant microorganisms, despite no 

revious clinical suspicion of prosthetic joint infection (PJI) and 

o observable macroscopic signs of infection during the revision 

rocedure. This type of PJI, named positive intraoperative culture s 

PIOC), was initially defined by Tsukayama et al., 2 and its suggested 

verall prevalence is 10.5% (range 4 −38%) of all revision proce- 

ures. 2 –9 

While the unexpected PIOC scenario is considered to have a 

ood prognosis, with long-term cure rates of ≥85%, 2–11 it can still 

ose serious concerns about clinical management in particular sit- 

ations. Microorganisms responsible for PIOC are mainly low vir- 

lence bacteria, typically coagulase-negative staphylococci (CoNS) 

nd Cutibacterium spp, but they may also include more virulent 

solates that can jeopardize the outcome, such as Staphylococcus 

ureus or gram-negative bacilli. Patients are commonly given an- 

ibiotics, which may contribute to the general favorable progno- 

is, although the type and extent of treatment have been poorly 

tudied. Finally, revision procedures sometimes do not involve the 

hole prosthesis, but include partial exchange of the device, leav- 

ng orthopedic hardware in place with a high likelihood of being 

ontaminated. 

Previous studies addressing this complex PIOC problem have 

sually been conducted in single centers with a relatively small 

umber of patients. In recent years, the Spanish Bone and Joint In- 

ection Study Group (GEIO-SEIMC) and the Spanish Network for the 

tudy of Infectious Diseases (REIPI) have been working in multi- 

enter, multidisciplinary collaboration on various osteoarticular in- 

ections. 12 The aim of this particular study was to characterize a 

arge multicenter cohort of patients with PIOC-PJI and assess the 

isk factors for failure. 

ethods 

etting and patients 

A retrospective, observational study was carried out at 20 hos- 

itals belonging to GEIO-SEIMC and REIPI. The study was approved 

y the Ethics Committee of the University Hospital 12 de Octubre 

file number 18/404). 

Patients included were those aged 16 years and above with a 

iagnosis of unexpected PIOC between 2007 and 2017. PIOC was 

onsidered when ≥2 evaluable intraoperative cultures yielded the 

ame microorganism, according to species and antimicrobial re- 

istance profile, during a presumed aseptic revision arthroplasty 

urgery. In the case of virulent microorganisms (i.e., S. aureus 

r gram-negative bacilli), one such culture was considered suffi- 

ient. 13 When available, implant sonication fluid cultures were also 

valuated and interpreted, along with tissue cultures. 14 Patients 

ith pre-operative signs (sinus tract, swollen joint, erythema or 
543 
occurred in 17 episodes (8.4%, 95%CI 5.3–13.1). Partial revision was an

 (HR 3.63; 95%CI 1.03–12.8), adjusted for gram-negative bacilli (GNB) in-

89) and chronic renal impairment (HR 2.40; 95%CI 0.90–6.44). Treatment

rifampin/fluoroquinolones) had a favorable impact on infections caused by

f PIOC-PJI is good, but close follow-up is required in cases of partial revi-

y GNB. 

ritish Infection Association. Published by Elsevier Ltd. All rights reserved.

ever) or intraoperative findings of infection (purulence around the 

rosthesis) were excluded. An isolated mild elevation of preopera- 

ory C-reactive protein was not considered an exclusion criterion. 

Cases with PIOC were identified from previously registered PJI 

atabases or the general archives at each hospital. Data on clini- 

al presentation, baseline characteristics, the specifics of the revi- 

ion procedure, and the type and duration of antimicrobials were 

ecorded in a specifically designed database. All cases were criti- 

ally reviewed by 2 authors (M.M-L. & J.L-T.). Any disagreements 

r contradictions were doubled-checked by the investigator at each 

ospital. 

Implant age was defined as time since prosthesis placement or 

he last revision surgery immediately prior to the one when the 

iagnosis of PIOC was made. The Charlson Comorbidity Index was 

lso used for assessment of comorbidities. 15 

urgical procedure and clinical management 

Surgical revisions leading to a diagnosis of PIOC-PJI involved 

nly single-stage procedures and included either complete or par- 

ial revision of the prosthesis. A complete revision involved the 

xchange of both components of the prosthesis (i.e., the femoral 

nd pelvic components of a hip prosthesis), whereas a partial revi- 

ion involved only one of the two components, leaving the other 

n place. The decision was made according to orthopedic crite- 

ia, based on the stability of each component, the remaining bone 

tock, and the risk of periprocedural fracture, especially in elderly 

atients. Cement was removed when surgically feasible, as rec- 

mmended. Cases involving surgery that left no orthopedic device 

n the joint (i.e., complete prosthesis removal, Girdlestone arthro- 

lasty) and those undergoing the second surgery of a two-step ex- 

hange procedure were excluded. 

Surgical samples were collected as per protocol and processed 

outinely: seeded in liquid (thioglycollate) and solid media (5% 

heep blood, chocolate, and MacConkey agar) and incubated for at 

east 7 days. Microorganisms were identified by phenotypic bio- 

hemical techniques or MALDI-TOF mass spectrometry, as appro- 

riate. Bone histological examination was recorded when available 

mong patients with prosthesis loosening. 

Once the microbiological information was available, the inter- 

retation of cultures and the decision to start antibiotics in each 

atient was made on a multidisciplinary basis, involving surgeons, 

nfectious diseases physicians and microbiologists at each center. 

utcome and follow-up 

The primary endpoint was microbiological failure , defined as 

ersistence or relapse of the infection caused by the same mi- 

roorganism isolated in the initial revision surgery. Patients were 

ollowed until death, microbiological failure, infections caused by 

icroorganisms other than those isolated at the revision surgery, 

ew operations due to orthopedic reasons, or loss to follow-up. 
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Table 1 

Description of the cohort according to the indication for surgery revision. 

All cases 1 Loosening Luxation Fractures 

p n = 203 n = 145 (75%) n = 32 (16%) n = 17 (9%) 

Age (years) ∗ 72 (63–79) 71 (60–76) 80 (73–83) 73 (64–81) < 0.001 

Sex (women) 105 (52%) 73 (50%) 21 (66%) 5 (29%) 0.049 

Charlson Index ∗ 0 (0–1) 0 (0–1) 1 (0–2) 1 (0–2) 0.190 

Diabetes mellitus 35 (17%) 22 (15%) 8 (25%) 3 (18%) 0.352 

Rheumatoid arthritis 10 (5%) 7 (5%) 3 (9%) 0 (0%) 0.512 

Chronic renal impairment 43 (21%) 24 (17%) 12 (38%) 4 (24%) 0.029 

Dementia 7 (3%) 3 (2%) 4 (13%) 0 (0%) 0.035 

Immunosuppressant therapy 12 (6%) 9 (6%) 3 (10%) 0 (0%) 0.524 

Prosthetic location 

Hip arthroplasty 154 (76%) 105 (72%) 30 (94%) 15 (88%) 0.065 

Total hip arthroplasty 140 (69%) 99 (68%) 22 (69%) 15 (88%) 0.001 

Hip hemiarthroplasty 14 (7%) 6 (4%) 8 (25%) 0 (0%) 

Total knee arthroplasty 47 (23%) 38 (26%) 2 (6%) 2 (12%) 

Shoulder arthroplasty 2 (1%) 2 (1%) 0 (0%) 0 (0%) 

Revision prosthesis 62 (31%) 38 (26%) 14 (44%) 5 (29%) 0.145 

Prosthesis age (years) 2 ∗ 3.92 (1.22–9.53) 5.37 (2.38–10.6) 0.13 (0.07–0.58) 3.95 (0.69–10.5) < 0.001 

C-reactive protein (mg/L) ∗ 8 (3–22) 8 (2–20) 15 (3–39) 26 (18–57) 0.032 

Microbial etiology 

S. aureus 13 (6%) 8 (6%) 3 (9%) 1 (6%) 0.674 

MRSA 3 2 (1%) 2 (1%) 0 (0%) 0 (0%) 1.000 

CoNS 3 125 (62%) 93 (64%) 16 (50%) 11 (65%) 0.314 

Enterococcus spp 14 (7%) 8 (6%) 3 (9%) 1 (6%) 0.674 

Gram-positive bacilli 29 (14%) 26 (18%) 0 (0%) 2 (12%) 0.013 

Gram-negative bacilli 25 (12%) 11 (8%) 12 (38%) 2 (12%) < 0.001 

Polymicrobial infection 16 (8%) 11 (8%) 4 (13%) 1 (6%) 0.669 

Partial revision 110 (54%) 74 (51%) 25 (78%) 8 (47%) 0.016 

Antimicrobial treatment 163 (80%) 114 (79%) 30 (94%) 11 (65%) 0.028 

Antimicrobial treatment duration (days) ∗ 56 (42–90) 56 (42–91) 57 (42–73) 59 (41–92) 0.850 

Antimicrobial treatment delay (days) ∗ 5 (3–12) 6 (3–13) 5 (2–7) 5 (1–9) 0.202 

Failure 17 (8%) 12 (8%) 4 (13%) 0 (0%) 0.354 

Follow-up (years) ∗ 3.20 (1.52–5.04) 3.32 (1.98–4.95) 1.67 (0.32–4.40) 3.93 (3.12–5.10) 0.008 

1 All cases include patients with prosthetic loosening, prosthesis luxation, peri–prosthetic fracture, and the addition of 9 patients with other 

indications (painful prosthesis without loosening [ n = 7], instability [ n = 1], and rigidity [ n = 1]. 2 Prosthesis age: time since the prosthesis 

placement or last previous revision to the revision surgery in which diagnosis of PIOC was made. 3 Abbreviations. MRSA: methicillin-resistant 

Staphylococcus aureus. CoNS: coagulase-negative staphylococci. ∗Continuous variables are expressed as median and interquartile range. 
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tatistical analysis 

Continuous variables were expressed as medians and interquar- 

ile range, and categorical variables as counts and valid percent- 

ges. Comparative analyses were performed with the X 

2 or Fisher’s 

est for categorical variables, and the Student’s t -test, Mann- 

hitney U test or Kruskall-Wallis test for continuous variables, as 

ppropriate. The Saphiro-Wilk test was used to test for normal 

istribution of variables. Parameters associated with failure were 

dentified by Kaplan-Meier curves (log-rank test) and univariate 

nd multivariate Cox regression analysis. Variables showing a p 

alue < 0.30 in univariate analysis were included in the multivari- 

te model using a backward stepwise selection process. All analy- 

es were 2-tailed and a P value < 0.05 was considered statistically 

ignificant. Data were analyzed with Stata (version 15). 

esults 

Two hundred and fifty-nine episodes were initially identified, 

ut 56 were discarded for a number of reasons (Supplementary 

ig. 1). Two hundred and three patients with PIOC were finally 

ncluded; 105 (52%) were women, median age was 72 years (in- 

erquartile range [IQR] 63–79) and median Charlson index was 0 

IQR 0–1). There were 154 (76%) hip arthroplasties, 47 (23%) total 

nee prostheses, and 2 (1%) shoulder arthroplasties. Median im- 

lant age at the time of revision was 3.92 years (IQR 1.22–9.53). 

The indication for revision surgery was prosthetic loosening 

n 145 (71%) episodes, prosthesis luxation in 32 (16%), and peri–

rosthetic fracture in 17 (8%). Nine patients (4%) presented with 

ther indications such as painful prosthesis, rigidity, or instability. 

 comparison of cases classified according to indication for surgery 
544 
s summarized in Table 1 . Patients in the luxation group, almost 

ll with hip prostheses (25% with hemiarthroplasty), were signifi- 

antly older and had more dementia and chronic renal impairment 

han those in the other groups. Implant age was also significantly 

ower and there was a higher proportion of partial exchange of 

ip prosthesis. Notably, the number of episodes caused by gram- 

egative bacilli was higher in this group. 

A detailed description of the etiology is presented in Table 2 . 

he median number of samples submitted per case was 5 (range 

–6). The median number of positive cultures from tissue sam- 

les was 2 (IQR 2–3). Cultures of sonication fluid from prostheses 

ere performed in 78 (38%) episodes and were used to define PIOC 

ases together with a single standard culture in 15/78 cases (19%), 

ll of them caused by CoNS or Cutibacterium spp. 

Total prosthesis revision was performed in 93 (46%) patients. 

artial prosthetic exchange ( n = 110 [54%]) was more frequent 

mong older patients, patients with revision hip surgery due to 

uxation, and in cases of revision prosthesis ( Table 3 ). 

Once a diagnosis of PIOC was confirmed, 163 (80%) patients 

eceived antimicrobial treatment for a median time of 56 days 

IQR 42–90). Median time delay between surgery and treatment 

nset was 5 days (IQR 3–12). Median intravenous and oral treat- 

ent lasted 6 days (IQR 0–14) and 49 days (IQR 35–84), respec- 

ively. There were differences between patients who received and 

id not receive antimicrobial treatment ( Table 3 ). Apart from dif- 

erences between centers (the majority of patients who did not re- 

eive antibiotics belonged to a single center [27/40, 68%]), antibi- 

tics were more frequently prescribed for infections caused by vir- 

lent bacteria, such as S. aureus or gram-negative bacilli (95% vs. 

7%, p = 0.013). There was also a trend towards prescribing more 



M. Mancheño-Losa, J. Lora-Tamayo, M. Fernández-Sampedro et al. Journal of Infection 83 (2021) 542–549 

Table 2 

Microbial etiology a . 

Gram-positive bacteria 190 (86%) 

Coagulase-negative staphylococci 131 (60%) 

Cutibacterium spp 23 (10%) 

Staphylococcus aureus 13 (6%) 

MRSA 2 (1%) 

Enterococcus spp b 14 (6%) 

Corynebacterium spp 6 (3%) 

Streptococcus spp c 3 (1%) 

Gram-negative bacteria 27 (12%) 

Pseudomonas aeruginosa 7 (3%) 

Escherichia coli 7 (3%) 

Klebsiella pneumoniae 4 (2%) 

Proteus mirabillis 3 (1%) 

Enterocbacter cloacae 3 (1%) 

Serratia marcescens 2 (1%) 

Achromobacter spp 1 (0.5%) 

Other d 3 (1%) 

a 220 Isolates in 203 episodes. Polymicrobial infection occurred in 

16 episodes. b 11 E. faecalis , 3 E. faecium . c 2 S. agalactiae , 1 S. gordonii . 
d 1 Brucella abortus , 1 Peptococcus niger , 1 Peptostreptococcus micros . 

Abbreviations: MRSA: methicillin-resistant S. aureus. 
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ntibiotics in patients managed with partial revision than to those 

anaged with total revision (84% vs. 76%, p = 0.193). Finally, when 

he diagnosis of PIOC caused by non-virulent bacteria was based 

n sonication (one positive tissue culture plus one positive soni- 

ation culture), the odds of receiving antibiotics were significantly 

ower than in cases where the diagnosis was made on two or more 

ositive standard cultures (44% vs 81%, p = 0.002). Indeed, there 

as a linear trend between the number of positive cultures of non- 

irulent microorganisms and the odds of receiving antibiotics (Sup- 

lementary Fig. 2). 
Table 3 

Surgical and antimicrobial management. 

Total revision Partial revisio

n = 93 (46%) n = 110 (54%

Age (years) ∗ 71 (60–77) 73 (64–80) 

Sex (women) 53 (57%) 52 (47%) 

Charlson Index ∗ 0 (0–1) 0 (0–1) 

Diabetes mellitus 14 (15%) 21 (19%) 

Rheumatoid arthritis 6 (6%) 4 (4%) 

Chronic renal impairment 3 (3%) 1 (1%) 

Immunosuppression 7 (8%) 5 (5%) 

Hip arthroplasty 55 (59%) 99 (90%) 

Revision prosthesis 20 (22%) 42 (39%) 

Prosthesis age (years) ∗ 4.53 (2.60–9.08) 3.17 (0.63–1

Indication for revision 

Loosening 71 (76%) 74 (67%) 

Luxation 7 (8%) 25 (23%) 

Fracture 9 (10%) 8 (7%) 

Other 6 (6%) 3 (3%) 

C-reactive protein (mg/L) 6.5 (2–25) 10 (3–20) 

Microbial etiology 

CoNS 59 (63%) 66 (60%) 

S. aureus 7 (8%) 6 (5%) 

Gram-negative bacilli 7 (8%) 18 (16%) 

Gram-positive bacilli 19 (20%) 10 (9%) 

Enterococcus spp 4 (4%) 10 (9%) 

Polymicrobial infection 5 (5%) 11 (10%) 

Antimicrobial treatment 71 (76%) 92 (84%) 

Antimicrobial duration (days) ∗ 55 (41–90) 61 (43–91) 

Antimicrobial treatment delay (days) ∗ 5 (3–13) 5 (3–11) 

Partial revision – –

Failure 3 (3%) 15 (14%) 

Follow-up (years) ∗ 3.39 (1.98–5.10) 3.18 (1.31–4

Abbreviations. CoNS: coagulase-negative staphylococci. ∗Continuous variables 

545 
utcome and follow-up 

Median follow-up of patients without microbiological failure 

as 3.40 years (IQR 1.96–5.10). Follow-up was uneventful in most 

ases (171, 84%), although 8 (4%) needed additional surgery for or- 

hopedic reasons without evidence of infection. Six (3%) patients 

eveloped a new postoperative infection caused by a different mi- 

roorganism from the one initially responsible for the PIOC-PJI. Mi- 

robiological failure occurred in 17 episodes (8.4%, 95% confidence 

nterval [95%CI]: 5.3 −13.1%) after a median time of 8.5 months 

IQR 6.8–26.2). Parameters associated with failure are summarized 

n Table 4 . The number of positive cultures used to identify PIOC 

id not predict the likelihood of failure. Multivariate analysis iden- 

ified partial revision of the prosthesis as an independent predictor 

f failure (HR 3.63, 95%CI 1.03–12.8; p = 0.045), adjusted for in- 

ection caused by gram-negative bacilli (HR 2.68, 95%CI 0.91–7.89; 

 = 0.073) and chronic renal impairment (HR 2.40, 95%CI 0.90–

.44; p = 0.082). 

In the subgroup of patients with prosthetic loosening, parame- 

ers predicting failure were similar as those observed in the whole 

ohort (data not shown). Bone histological examination was per- 

ormed in 84 patients (58%), but the presence of inflammation was 

ot associated with a higher likelihood of failure (HR 1.62 95%CI 

.40–6.47, p = 0.492). 

Since antibiotic therapy was not prescribed in the same way 

n all cases, we analyzed the efficacy of antimicrobials in partic- 

lar situations. Of interest, failure rates of long antimicrobial reg- 

mens of more than 6 weeks’ duration ( n = 126, median 68 days, 

QR 53–92 days) versus shorter courses ( n = 37, median 31 days, 

QR 27–36 days) were not lower (9% vs. 8%, p = 0.813). Also, we 

oted the impact of using biofilm-active antimicrobials for par- 

icular microbiological etiologies ( Fig. 2 ). Fluoroquinolones were 

sed in combination with rifampin in 55/136 (40%) patients with 

taphylococcal infection for a median duration of 45 days (IQR 
n p Antibiotic treatment No treatment p 

) n = 163 (80%) n = 40 (20%) 

0.096 72 (64–79) 70 (57–79) 0.311 

0.167 85 (52%) 20 (50%) 0.676 

0.958 0 (0–1) 1 (0–1) 0.251 

0.448 30 (18%) 5 (13%) 0.376 

0.518 7 (4%) 3 (8%) 0.417 

0.334 42 (26%) 1 (3%) 0.001 

0.364 11 (7%) 1 (3%) 0.465 

< 0.001 125 (78%) 29 (73%) 0.492 

0.009 48 (30%) 14 (35%) 0.510 

0.4) 0.094 3.79 (0.94–9.08) 4.74 (2.16–11.2) 0.197 

0.016 114 (70%) 31 (78%) 0.059 

30 (18%) 2 (5%) 

11 (7%) 6 (15%) 

8 (5%) 1 (3%) 

0.616 9.5 (3–25) 4 (2–11) 0.116 

0.665 97 (60%) 28 (70%) 0.222 

0.548 13 (8%) 0 (0%) 0.076 

0.056 23 (14%) 2 (5%) 0.177 

0.021 23 (14%) 6 (15%) 0.885 

0.180 11 (7%) 3 (8%) 1.000 

0.223 14 (9%) 2 (5%) 0.743 

0.193 – –

0.127 – –

0.949 – –

92 (56%) 18 (45%) 0.193 

0.009 14 (9%) 3 (8%) 1.000 

.69) 0.320 3.01 (1.45–4.77) 3.81 (2.52–5.45) 0.072 

are expressed as median and interquartile range. 
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Table 4 

Univariate and multivariate analysis of parameters predicting failure. 

Univariate analysis Multivariate analysis 

Categories Failure ∗/n (%) Follow-up time b HR (95% CI) p c aHR (95% CI) p 

Sex Women 8/104 (8) 37.83 1.15 (0.44–2.97) 0.778 

Men a 9/98 (9) 39.15 

Age (per year) 1.00 (0.96–1.04) 0.944 

Diabetes mellitus Yes 4/35 (11) 36.14 1.46 (0.48–4.49) 0.502 

No a 13/167 (8) 39.52 

Rheumatoid arthritis Yes 2/10 (20) 30.39 2.68 (0.61–11.7) 0.173 

No a 15/192 (8) 39.10 

Chronic renal impairment Yes 7/43 (16) 29.14 2.97 (1.13–7.82) 0.020 2.40 (0.90–6.44) 0.082 

No a 10/159 (6) 39.95 

Immunosuppressant therapy Yes 1/12 (8) 26.10 1.13 (0.15–8.53) 0.907 

No a 16/184 (9) 39.79 

Prosthetic location Knees 2/47 (4) 34.27 0.41 (0.09–1.81) 0.227 

Hips a 15/153 (10) 40.57 

Type of prosthesis Revision 7/62 (11) 31.66 1.67 (0.64–4.40) 0.292 

Primary a 10/140 (7) 39.79 

Prosthetic loosening Yes 12/144 (8) 39.79 0.86 (0.30–2.46) 0.785 

No a 5/58 (9) 35.30 

Infection by CoNS Yes 9/125 (7) 41.72 0.62 (0.24–1.62) 0.327 

No a 8/77 (10) 29.14 

Infection by S. aureus Yes 1/12 ∗ (8) 49.13 0.88 (0.12–6.70) 0.908 

No a 16/190 (8) 37.63 

Infection by GPB Yes 1/29 (3) 28.62 0.43 (0.06–3.23) 0.396 

No a 16/173 (10) 40.74 

Infection by GNB Yes 5/25 (20) 26.15 3.54 (1.24–10.1) 0.012 2.68 (0.91–7.89) 0.073 

No a 12/177 (7) 40.57 

Infection by Enterococcus spp Yes 2/14 (14) 37.29 1.76 (0.40–7.69) 0.448 

No a 15/188 (8) 38.42 

Polymicrobial infection Yes 2/16 (13) 39.15 1.58 (0.36–6.95) 0.536 

No a 15/186 (8) 37.98 

Type of surgery Partial revision 14/109 (13) 40.74 4.25 (1.22–14.8) 0.013 3.63 (1.03–12.8) 0.045 

Total revision a 3/93 (3) 38.18 

Antimicrobial treatment Yes 14/162 (9) 36.11 1.27 (0.37–4.45) 0.701 

No a 3/40 (8) 45.75 

Antimicrobial treatment delay (per day) 0.98 (0.94–1.04) 0.635 

∗ Patients with unknown outcome ( n = 1) were excluded from this analysis. a Reference category for each univariate analysis. b Follow-up time in months 

expressed in median and interquartile range. c P-value corresponding to log-rank test. Abbreviations. HR: hazard ratio. 95% CI: 95% confidence interval. aHR: 

adjusted hazard ratio. CoNS: Coagulase-negative staphylococci. GPB: Gram-positive bacilli. GNB: Gram-negative bacilli. 
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8–60), which was associated with a better outcome (2% failure 

s. 11%, p = 0.03). Likewise, fluoroquinolones were used in 15/26 

58%) infections caused by gram-negative bacilli for a median of 48 

ays (IQR 38–67), also with a trend towards a lower rate of failure 

7% vs 36%, p = 0.08) ( Fig. 1 ). 

iscussion 

This is, to the best of our knowledge, the largest cohort of pa- 

ients with PIOC-PJI analyzed to date. Our results show an overall 

ow rate of failure in the mid-to-long term (8.4%), but identified 

articular situations at risk of worse prognosis, mainly in relation 

o partial-component revision of arthroplasty and infections caused 

y gram-negative bacilli. 

All efforts should be made to rule out infection before sub- 

itting a given patient to prosthesis revision. However, PIOC-PJI 

o occur, 2–10 and the physician’s misfortune when faced with 

hese infections is that the partial or complete exchange is al- 

eady a fait accompli by the time notification of the positive cul- 

ures is received. Several questions arise at this point, concern- 

ng not only the prognosis and the meaning of the samples, but 

lso the indication for antimicrobial therapy, its type and duration. 

nexpected PIOC-PJI has mainly been described in the context of 

rthroplasty revision for presumed aseptic loosening, 2 , 3 , 5 , 6 , 11 , 16 as 

as the case in our study. However, we noted that prosthesis lux- 

tion and periprosthetic fracture were responsible for 25% of our 

IOC-PJI cases, which is a clinical scenario that has not previously 

een highlighted. Interestingly, the prosthesis luxation group had a 

orse outcome (13% failure rate) than the other groups. PIOC-PJI in 
546 
his context mainly involved elderly patients with more comorbidi- 

ies who were promptly submitted (median 1.5 months) to partial 

evision of hip arthroplasty. In addition, these patients presented 

IOC-PJI caused by high proportions of gram-negative bacilli, which 

re common colonizers of the fecal-perineal area. Overall, we ob- 

erved that this group includes a variety of risk factors related to 

oor prognosis and should therefore be regarded with caution. The 

ost’s condition and baseline characteristics are also important for 

rognosis. In our study, chronic renal impairment was associated 

ith failure, as has been shown in other studies. 17 , 18 

In our analysis, partial revision of the prosthesis was an inde- 

endent risk factor for infection relapse, with an absolute differ- 

nce of 9% in failure rate. Partial revision was in fact the most 

ommon procedure in our series, as in other reports, 5 , 11 , 16 and was 

requently used in cases that underwent surgery for hip prothe- 

is luxation. Indeed, retaining chronically contaminated orthopedic 

ardware is one of the traditional reasons for recurrent infection. 19 

espite this, we observed that the majority of patients undergoing 

artial exchange did well for more than three years of follow-up. In 

his context, there is successful experience of planned partial pros- 

hetic exchange for previously diagnosed infected prostheses. 20–22 

lthough in such cases surgical debridement would be more ex- 

austive than in a presumably aseptic revision. In addition, the 

istribution of chronic PJI is also known to be patchy, not neces- 

arily involving all prosthetic parts, so that the prosthetic compo- 

ent left in place may not be infected. 23 Overall, our cohort con- 

rms that patients undergoing partial exchange, who are usually 

ld and have less bone stock, are at higher risk of infection re- 

apse, but may keep the potentially contaminated hardware in the 
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Fig. 1. Predictors of microbiological failure among the cohort of patients with prosthetic joint infection type positive-intraoperative cultures. The figure shows Kaplan- 

Meier curves of variables with a log-rank test p < 0.05 in the univariate analysis. Panel A: Comparison of cases by the type of surgery performed, partial revision ( n = 109, 14 

failures) or total revision ( n = 93, 3 failures), log-rank test p = 0.013. Panel B: Cases caused by gram-negative bacilli ( n = 25, 5 failures) vs the rest of etiologies ( n = 177, 12 

failures), log-rank test p = 0.012. Panel C: Patients with ( n = 43, 7 failures) or without chronic renal impairment ( n = 159, 10 failures), log-rank test p = 0.020. Abbreviations. 

GNB: gram-negative bacilli. 

Fig. 2. Impact of antimicrobial treatment in particular etiologies of prosthetic joint infection type positive-intraoperative cultures. Panel A: Kaplan-Meier curves of 

staphylococcal infections treated with quinolone-rifampin combinations ( n = 54, 1 failure) compared to those in which this combination was not used ( n = 82, 9 failures), 

log-rank test p = 0.033. Panel B: Kaplan-Meier curves of infections caused by Gram-negative bacilli treated (1/24 failures) and not treated with fluoroquinolones (4/11 

failures), log-rank test p = 0.082. 
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id-to-long term. Management, therefore, should be conservative 

ith close follow-up. 

With respect to antibiotic therapy, the majority of patients in 

ur study received antimicrobials, which may have contributed to 

he overall favorable prognosis. Trying to interpret the overall im- 

act of antimicrobial treatment in the whole cohort could be mis- 

eading, due to the heterogeneity of clinical and microbiological 

ata. The odds for prescribing antibiotics varied depending on the 

ituation, being higher in patients with partial exchange, and in- 

ections caused by virulent bacteria or by indolent microorganisms 

ut isolated in a significant number of samples. It seems reason- 

ble that these factors would have weighed heavily in favor of pre- 

cribing antimicrobials, especially bearing in mind that the patient 

ad just undergone a revision procedure and a new revision for 

eptic reasons would have been highly undesirable. 24 

In order to determine PIOC-PJI and consider the administration 

f antimicrobials, the interpretation of intraoperative cultures is 

ot straightforward, especially when bacteria are not isolated in all 

amples and in the case of low virulence microorganisms. Whether 

s contaminants in the sampling process or as true colonizers of 

rthopedic hardware with no obvious pathogenic role, CoNS and 

ome gram-positive bacilli may be regarded as innocent bystanders 

hat are not worth the effort of treatment. Indeed, in our study, 

hese low-virulence microorganisms were isolated in more than 

0% of PIOC-PJI cases, which is consistent with previous studies, 

nd there was also considerable heterogeneity in the interpretation 

f culture results among participating centers. We observed that 

hen diagnosis of infection depended on a positive culture from 

onicated samples, there was a higher likelihood of not receiving 

ntibiotic treatment and that this fact did not affect the outcome. 

evertheless, it is well known that the isolation of low virulence 

icroorganisms has been associated with prosthetic infection and 

remature loosening of the prosthesis. 7 , 23 Overall, this remains an 

nresolved issue that calls for further studies. 

The recommended use of antimicrobials for PIOC-PJI has tradi- 

ionally been 4 to 6 weeks. 2 , 12 In our cohort, median duration of 

ntibiotic therapy was in fact longer than this, although we ob- 

erved that antibiotic courses of more than 6 weeks did not show 

 better prognosis than shorter schedules. A recent controlled trial 

as failed to prove the non-inferiority of a 6-week treatment vs 

2-week treatment, but this study did not include PIOC-PJI cases 
5 . The choice of a longer course of antibiotics (i.e., suppressive an- 

imicrobial therapy) has been suggested for some cases elsewhere, 

ut this is not sustained by our results, and the decision should be 

ade on an individual basis, bearing in mind the risks and ben- 

fits of antimicrobial therapy. 11 All in all, and while waiting for 

ore robust studies focused on this issue, our results are in line 

ith current recommendations. 

Finally, we note that PIOC-PJI caused by virulent bacteria 

namely gram-negative bacilli) had a significantly worse progno- 

is than other etiologies. In this context, our results supported 

he activity of anti-biofilm antibiotics, such as rifampin or fluo- 

oquinolones. Indeed, the use of rifampin-based combinations for 

taphylococci, and fluoroquinolones for gram-negative bacilli was 

ssociated with a lower likelihood of failure, as has been observed 

n other PJI scenarios. 17 , 26 

Several limitations of our study should be mentioned. First, 

t has the inherent biases of retrospective observational research. 

evertheless, this is the largest analysis performed to date on 

his particular type of PJI, which it would be impractical to ad- 

ress with alternative study designs, such as prospective or exper- 

mental. Also, the study included many centers and reflects real 

orld practice, which increases the external validity of our re- 

ults. Second, despite the large sample recruited, the number of 

ailures observed was low, limiting the statistical power and con- 

equently the identification of risk factors for failure. Finally, the 
548 
se of antibiotic-loaded cement during the revision surgery was 

ot specifically registered, so its role in the overall good prognosis 

f the series could not have been addressed. 

In conclusion, the presence of unexpected positive intraopera- 

ive cultures at the time of a presumed aseptic prosthetic revision 

mplies a low but significant risk of infection relapse in the mid- 

erm, especially among patients with partial revision and infections 

aused by gram-negative bacilli. Prescribing antibiotics with good 

ntibiofilm activity for 6 weeks seems reasonable. 
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