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Abstract. Introduction: Culture-negative (CN) prosthetic joint infections (PJIs) account for approximately
10 % of all PJIs and present significant challenges for clinicians. We aimed to explore the significance of CN PJIs
within a large prospective cohort study, comparing their characteristics and outcomes with culture-positive (CP)
cases. Methods: The Prosthetic joint Infection in Australia and New Zealand Observational (PIANO) study is a
prospective, multicentre observational cohort study that was conducted at 27 hospitals between 2014 and 2017.
We compared baseline characteristics and outcomes of all patients with CN PJI from the PIANO cohort with
those of CP cases. We report on PJI diagnostic criteria in the CN cohort and apply internationally recognized
PJI diagnostic guidelines to determine optimal CN PJI detection methods. Results: Of the 650 patients with
24-month outcome data available, 55 (8.5 %) were CN and 595 were CP. Compared with the CP cohort, CN
patients were more likely to be female (32 (58.2 %) vs. 245 (41.2 %); p= 0.016), involve the shoulder joint
(5 (9.1 %) vs. 16 (2.7 %); p= 0.026), and have a lower mean C-reactive protein (142 mg L−1 vs. 187 mg L−1;
p= 0.016). Overall, outcomes were superior in CN patients, with culture negativity an independent predictor
of treatment success at 24 months (adjusted odds ratio, aOR, of 3.78 and 95 %CI of 1.65–8.67). Suboptimal
diagnostic sampling was common in both cohorts, with CN PJI case detection enhanced using the Infectious
Diseases Society of America PJI diagnostic guidelines. Conclusions: Current PJI diagnostic guidelines vary
substantially in their ability to detect CN PJI, with comprehensive diagnostic sampling necessary to achieve
diagnostic certainty. Definitive surgical management strategies should be determined by careful assessment of
infection type, rather than by culture status alone.
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1 Introduction

Prosthetic joint infection (PJI) is a devastating complica-
tion of joint arthroplasty that is associated with significant
patient morbidity and economic burden (Del Pozo and Pa-
tel, 2009; Moore et al., 2015). PJI complicates 1 %–2 % of
primary arthroplasties (Del Pozo and Patel, 2009) and up
to 8 % of cases following revision arthroplasty (Quinlan et
al., 2020). Identification of pathogenic organisms from cul-
ture of synovial fluid and periprosthetic tissue is a corner-
stone of PJI diagnosis and treatment decisions (Parvizi et al.,
2018; McNally et al., 2021; Osmon et al., 2013). In approx-
imately 10 % of all PJIs the diagnostic criteria indicating a
PJI are met, but no causative pathogen is isolated (Reisener
and Perka, 2018). In these situations, it is unclear if culture-
negative (CN) PJI represents poor specificity of diagnostic
criteria (i.e. not an infection), an infection caused by a fas-
tidious non-culturable organism, or the absence of microbial
growth as a consequence of antibiotic exposure prior to sam-
pling. While previous retrospective analyses have been con-
ducted, inconsistencies in inclusion criteria, classification of
infection type, and treatment success measures limit the op-
portunity for direct comparisons and use in guiding clinical
practice (Reisener and Perka, 2018; Peel et al., 2013).

We aimed to explore the significance of CN PJI within a
large prospective cohort study and to compare their charac-
teristics and outcomes with culture-positive (CP) cases.

2 Methods

2.1 Participants and setting

The Prosthetic joint Infection in Australia and New Zealand
Observational (PIANO) study was a prospective, binational,
multicentre observational cohort study that recruited at 27
hospitals between July 2014 and December 2017. A total
of 783 patients with confirmed PJI were enrolled, compris-
ing predominately knee (n= 427), hip (n= 323), and shoul-
der (n= 25) joints. Detailed study methodology and base-
line cohort characteristics (Manning et al., 2020) as well as
outcomes after 24-months of follow-up have been described
previously (Davis et al., 2022) and are summarized below.

Adult patients (> 18 years) with a newly diagnosed PJI
were identified and enrolled following referral from an in-
fectious diseases, microbiology, or orthopaedic team mem-
ber. PJI was defined, using the modified Infectious Diseases
Society of America (IDSA) PJI diagnostic guidelines, (Zim-
merli, 2014) as the clinical suspicion of PJI in the presence
of ongoing symptoms, including at least one of the follow-
ing: (i) the presence of a sinus tract communicating with the
prosthesis; (ii) increased leukocyte count or neutrophil per-
centage in preoperative synovial fluid aspirate (synovial fluid
white blood cell count> 1700 cells µL−1 or neutrophil per-
centage> 65 %); (iii) visible pus around the prosthesis with-
out an alternative explanation; (iv) acute inflammation re-

ported on postoperative examination of periprosthetic tissue
(≥ 5 neutrophils per high-power field); (v) ≥ 2 preoperative
or intraoperative cultures (blood, synovial fluid, peripros-
thetic tissue, or sonication fluid) that yielded the same organ-
ism (indistinguishable based on common laboratory tests);
or (vi) pure growth of Staphylococcus aureus, β-hemolytic
streptococci, or pathogenic aerobic gram-negative rod from
a single synovial fluid or intraoperative tissue/fluid specimen.
Standard culture-based methods were used by all participat-
ing laboratories in processing blood cultures, synovial fluid,
and periprosthetic tissue. The number and type of diagnostic
samples were determined by local hospital policy and treat-
ing clinicians.

2.2 Definitions

Infections were classified according to the duration of symp-
toms and time from arthroplasty implantation, with the ma-
jority of patients classified as either “early postoperative” (di-
agnosis occurring ≤ 30 d after the original arthroplasty op-
eration), “late acute” (diagnosis and onset of symptoms oc-
curring > 30 d from implantation but with a total symptom
duration of ≤ 7 d and no evidence of a sinus overlying the
joint), or “chronic” (> 30 d from implantation and symptoms
duration > 30 d at the time of diagnosis, or the presence of
a sinus). Those with late-onset PJI, a duration of symptoms
between 8 and 30 d, and without the presence of a sinus were
considered to have late indeterminate infections, whereas the
remainder were considered unclassifiable. CN PJIs were de-
fined as those having met study inclusion criteria but with
failure to isolate a causative pathogen from culture of syn-
ovial fluid or periprosthetic tissue specimens obtained at the
time of, or prior to, the initial surgical intervention for sus-
pected infection.

2.3 Data collection

Data were collected and recorded prospectively in a purpose-
built web-based database at baseline, 3, 12, and 24 months
post PJI diagnosis. The primary outcome measure was treat-
ment success at 24 months follow-up, defined as being alive
with no clinical or microbiological evidence of infection, no
longer taking antibiotics for suppression or treatment of the
PJI, and having the “key prosthesis” still in place. The key
prosthesis was defined as follows: (i) the index prosthesis
present at diagnosis for those whose main treatment strategy
at day 90 was debridement and implant retention (DAIR);
(ii) the destination prosthesis for those whose main treatment
strategy at day 90 was two-stage revision, even if the sec-
ond stage was completed after day 90; (iii) the destination
prosthesis for those whose main treatment strategy at day 90
was single-stage revision; and (iv) the index prosthesis for
those who managed with suppressive antibiotics with non-
curative intent. All participants provided written informed
consent. We performed a post hoc retrospective analysis of
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this prospectively collected data. Treatment was not dictated
by authors but was purely observational in design.

2.4 Inclusion criteria

Of 783 patients enrolled, 653 had 24-month outcome data
available and were screened for eligibility for inclusion in the
analysis. Following detailed review, it was unclear in three
cases whether modified IDSA PJI diagnostic criteria were
met. These patients were subsequently excluded, with 650
patients remaining in the analysis.

Baseline demographic and clinical features were com-
pared between CN and CP cohorts. A comparison of treat-
ment success at 24 months post PJI diagnosis was performed
and presented for the overall cohort as well as for infection
type and 90 d surgical management strategy.

2.5 PJI diagnostic guidelines

In addition to the previously assessed modified IDSA diag-
nostic criteria, we applied the following diagnostic criteria
to all CN cases: (i) 2013 International Consensus Meeting
(ICM) (Parvizi et al., 2013); (ii) 2018 ICM (Parvizi et al.,
2018), and (iii) 2021 European Bone and Joint Infection So-
ciety (EBJIS) (McNally et al., 2021). An erythrocyte sedi-
mentation rate (ESR) was not available; hence, an elevated
C-reactive protein (CRP) (> 10 mg L−1) was judged as hav-
ing met the 2013 ICM diagnostic criteria for elevated inflam-
matory markers in this cohort.

2.6 Statistical analysis

Statistical analyses were conducted using IBM SPSS Statis-
tics (version 26.0 Chicago, Illinois). Data were summarized
using the mean (standard deviation) or median (interquartile
range) for normally and non-normally distributed variables
respectively. Categorical variables were compared using chi-
squared tests or Fisher’s exact tests as appropriate. Means of
continuous variables were compared using an independent-
samples t test where data were normally distributed, and me-
dians were compared using a Mann–Whitney U test for non-
parametric variables. Multivariate logistic regression using
backward stepwise selection was used to determine indepen-
dent predictors of success, with the 95 % confidence intervals
presented. Two-tailed P values of < 0.05 were considered
statistically significant.

3 Results

3.1 Demographics

Of the 650 patients eligible for inclusion in this subgroup
analysis, 55 (8.5 %) were classified as CN. The baseline char-
acteristics of the CN patients did not differ from those of the
CP patients (Table 1), apart from sex (CN more likely to be
female), joint affected (CN more likely to be shoulder joint

than CP), and mean baseline C-reactive protein (lower in CN
cases).

Late acute PJI was the most common CN infection type,
present in 21 of 55 (38.2 %) cases. A total of 16 of 55 cases
(29.1 %) were early postoperative, 12 of 55 cases (21.8 %)
were chronic, and 6 of 55 cases (10.9 %) were not classifi-
able (1 late indeterminate and 5 late unclassifiable). No dif-
ferences in infection type were observed between CN and
CP groups. Two patients (3.6 %) died within the 24-month
follow-up period.

No significant differences in diagnostic sampling were ob-
served between CN and CP (Table 2). It is of note that
only one laboratory routinely performed sonication, while
16S polymerase chain reaction (PCR) was not routinely per-
formed or requested by any laboratory.

3.2 PJI diagnostic criteria

When compared to the 2014 modified IDSA criteria, the
2013 ICM (70.9 %), 2018 ICM (63.6 %), and 2021 EBJIS
(definite and likely) (80 %) criteria were less likely to diag-
nose PJI in this cohort (Table 3). Amongst the 10 CN patients
who failed to meet the 2021 EBJIS diagnostic criteria, sub-
optimal diagnostic sampling and visible purulence around
the prosthesis were found to be uniformly present (see Ta-
ble S1 in the Supplement). Following detailed review, only 1
of these 10 cases (patient no. 6, Table S1) was deemed un-
likely to have a true PJI, having failed to demonstrate defini-
tive histopathological or microbiological evidence of infec-
tion despite an extensive diagnostic workup having been per-
formed.

3.3 Surgical management and 24-month treatment
success

Within the CN cohort, DAIR was the most common surgical
treatment strategy (30 of 55 cases, 54.6 %), followed by two-
stage revision (13 of 55 cases, 23.6 %) (Table 4).

Despite this, culture negativity was associated with an in-
creased likelihood of treatment success overall (41 of 55
cases, 74.5 %, vs. 308 of 595 cases, 51.8 %; p= 0.001),
and it was an independent predictor of treatment success at
24 months (adjusted odds ratio, aOR, of 3.78 and 95 %CI of
1.65–8.67) (Table 5).

By infection type, improved outcomes were demonstrated
only in late acute CN PJIs and was most pronounced in those
managed with DAIR (13 of 17 cases, 81.3 %, vs. 66 of 147
cases, 44.9 %; aOR of 5.3 and 95 %CI of 1.5–19.5) (Tables 4,
S2).

4 Discussion

This multicentre retrospective analysis offers important in-
sights into the presenting features, demographics, and ex-
pected treatment outcomes in CN PJI. In contrast to previ-
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Table 1. Baseline characteristics of CN patients compared with CP patients.

Patient demographics CN (n= 55) CP (n= 595) P value

Age 70.5 (15.8) 69.7 (15.3) 0.252

Gender

Male 23 (41.8) 350 (58.8) 0.016

BMI 31 (10.7) 31 (9.9) 0.158

Comorbidities

Diabetes 17 (30.9) 126 (21.3) 0.1
Rheumatoid arthritis 7 (12.7) 41 (6.9) 0.171
Chronic renal impairment 5 (9.1) 50 (8.4) 0.802
ESRF 0 5 (0.8) 1.0
Cirrhosis 2 (3.6) 5 (0.8) 0.113
Malignancy 3 (5.5) 24 (4.1) 0.494
Congestive cardiac failure 2 (3.6) 33 (5.6) 0.759
Ischemic heart disease 12 (21.8) 95 (16) 0.270
Corticosteroid use 2 (3.6) 56 (9.5) 0.215
Immunosuppressed 4 (7.3) 35 (5.9) 0.563
Active orders limiting life-sustaining treatment 1 (1.8) 6 (1.0) 0.465

Joint affected

Knee 31 (56.4) 324 (54.5) 0.785
Hip 18 (32.7) 249 (41.8) 0.188
Shoulder 5 (9.1) 16 (2.7) 0.026
Elbow 1 (1.8) 4 (0.7) 0.358
Ankle 0 2 (0.3) 1.0

Side

Right 30 (54.5) 337 (56.6) 0.765

Timing

Time from implant to symptoms (d) 286 (1491) 249 (1381) 0.798
Time from implant to diagnosis (d) 666 (2312) 332 (1497) 0.634
Time from symptoms to diagnosis (d) 3 (12) 4 (12) 0.56

Indication for original implant

Primary 45 (81.8) 478 (80.3) 0.791
Infection 0 29 (4.9) 0.162
Other/unknown 10 (18.2) 75 (12.6) 0.241

Clinical features at time of presentation

Fever: temperature > 38◦ on at least one occasion ±48 h 21 (38.2) 236 (39.7) 0.83
Local inflammation: redness or warmth around the index joint 48 (87.3) 471 (79.2) 0.151
Sepsis: systolic BP< 90 mmHg despite adequate IV fluids or the need for vasopressors/inotropes 2 (3.6) 26 (4.4) 1.0

Laboratory findings

Leukocyte count (× 109 L−1) 11 (6.3) 11.2 (6.7) 0.921
Neutrophil count (× 109 L−1) 8.4 (6.3) 8.5 (6.2) 6.33
C-reactive protein (mg L−1) 116 (126) 175.5 (208) 0.01
Creatinine (µmol L−1) 83 (33) 85 (46) 0.875
Albumin (g L−1, mean (SD)) 31 (6) 31 (7) 0.503

The abbreviations used in the table are as follows: d – days, IV – intravenous, BMI – body mass index, ESRF – end-stage renal failure, and DAIR – debridement and implant retention.
Data are no. (%) for categorical variables and median (interquartile range) for continuous variables, unless otherwise stated.
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Table 2. Prosthetic joint infection diagnostic criteria.

PJI diagnostic criterion Culture negative, N (%) Culture positive, N (%) P value

Presence of a sinus tract 15 of 55 (27.3) 120 of 595 (20.2) 0.214
Visible purulence at operation 31 of 55 (56.4) 269 of 595 (45.2) 0.112
Preoperative closed-needle joint aspiration done 24 of 55 (43.6) 258 of 595 (43.4) 0.969
Intra-operative synovial fluid collected 38 of 49 (77.6) 464 of 576 (80.6) 0.612
Number of periprosthetic specimens sent for culture 4.1 (1.7) 4.0 (1.9) 0.757
≥ 1 tissue sent for histopathology 17 of 45 (37.8) 154 of 526 (29.3) 0.232
Number of periprosthetic specimens sent for histology 0.89 (1.8) 0.45 (1.0) 0.104
Serum C-reactive protein > 10 mg L−1 50 of 55 (98) 554 of 578 (96.4) 1.0

The abbreviations used in the table are as follows: PJI – prosthetic joint infection, IV – intravenous fluids, WCC – white cell count, and CRP – C-reactive
protein.

Table 3. Comparison of modified IDSA, EBJIS, and ICM diagnostic criteria with IDSA for CN PJI.

Diagnostic criteria CN cases meeting PJI diagnostic criteria (n= 55)

2014 Modified Infectious Diseases Society of America criteria

Definite 55 (100)

2013 International Consensus Meeting criteria

Definite 39 (70.9)

2018 International Consensus Meeting criteria

Definite 35 (63.6)
Inconclusive 14 (25.5)
Not infected 5 (9.1)

2018 European Bone and Joint Infection Society criteria

Definite 41 (83.6)
Likely 4 (74.6)

The abbreviations used in the table are as follows: CN – culture negative and PJI – prosthetic
joint infection

ous reports (Parikh and Antony, 2015), our findings do not
support the notion that atypical pathogens play a significant
role in CN PJI. Instead, striking similarities between CN and
CP patients mean that risk factors, such antibiotic exposure,
suboptimal sampling practices, and delays in laboratory pro-
cessing, are more likely to be implicated (Kang et al., 2018).

Of those eligible for study inclusion, 8.5 % were classi-
fied as being CN, which is lower than the reported pooled
incidence rate of 11 % (Reisener and Perka, 2018). This may
relate to differences in diagnostic approaches or laboratory
processing methods across geographical locations and health
networks. It is of note that sonication was only routinely used
at one of the participating laboratories.

Overall, baseline demographics were similar between the
CN and CP cohorts. However, it is interesting to note the
higher proportion of shoulder infections within the CN co-
hort, which is likely explained by difficulties encountered
in the isolation of Cutibacterium acnes using typical cul-
ture methods, with an extended incubation time of up to 14 d
sometimes required (Foster et al., 2021). While standard cul-

ture techniques were utilized by all participating laborato-
ries, the duration of extended culture was not standardized
and may have resulted in the reduced sensitivity of pathogen
detection. In contrast to previously studied CN cohorts (Choi
et al., 2013; Kim et al., 2015), late acute PJI was found to be
the predominant infection type; while heterogenous infection
type definitions may have contributed to this (Tsukayama et
al., 1996), crystal arthropathy as a mimicker of bacterial PJI
may provide an alternate explanation for this finding (Khal-
faoui and Yassa, 2015).

The EBJIS criteria were not met for 10 (18.2 %) of the CN
cohort. This could either mean that the 2021 EBJIS criteria
are less sensitive than the 2014 modified IDSA criteria or that
they are more specific. As there is no gold standard test for
PJI in the absence of culture positivity, it is not possible to
definitively say which of these is the true explanation.

Both the number and type of periprosthetic specimens sub-
mitted for bacterial culture are known to impact upon the sen-
sitivity and specificity of pathogen detection in PJIs (Peel et
al., 2017). While the mean number of specimens collected
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Table 4. Infection type, index surgery, and treatment success in culture-negative and culture-positive prosthetic joint infections.

Treatment success at 24 months

Infection category Main management strategy at day 90 Culture negative, N (%) Culture positive, N (%) P value

All infection types combined (n= 650) All combined 41 of 55 (74.5) 308 of 595 (51.8) 0.001

Late acute (n= 267) All management types combined 15 of 21 (71.4) 117 of 246 (47.6) 0.036
DAIR (n= 162) 13 of 16 (81.3) 66 of 147 (44.9) 0.006
Two-stage revision (n= 57) 1 of 2 (50) 40 of 55 (72.7) 0.486

Early (n= 160) All management types combined 14 of 16 (87.5) 105 of 144 (72.9) 0.364
DAIR (n= 111) 10 of 11 (90.9) 78 of 100 (78) 0.454
Two-stage revision (n= 29) 2 of 2 (100) 21 of 27 (77.8) 1.0

Chronic (n= 141) All management types combined 6 of 12 (50) 57 of 129 (44.2) 0.698
DAIR (n= 44) 0 of 2 15 of 42 (35.7) 0.540
Two-stage revision (n= 61) 5 of 7 (71.4) 30 of 54 (55.6) 0.688

Table 5. Independent predictors of treatment success at 24 months (n= 650).

Variable OR Rx success 95 % CI aOR 95 % CI P value
at 24 months

Age 0.97 0.96–0.99
Body mass index 1.02 1.0–1.05
Hip 1.58 1.15–2.16
Knee 0.6 0.44–0.81 0.57 0.38–0.87 0.009
Shoulder 1.42 0.58–3.47
Symptom duration ≤ 7 d at diagnosis 1.59 1.14–2.22
Symptom duration ≤ 21 d at diagnosis 1.5 1.01–2.23
Early postoperative 3.29 2.21–4.89 3.04 1.83–5.05 0.002
Late acute 0.75 0.55–1.02
Chronic 0.63 0.43–0.92
Baseline CRP > 10 mg L−1 0.33 0.12–0.89
Baseline CRP > 100 mg L−1 0.68 0.48–0.95
Baseline albumin 1.05 1.03–1.08 1.05 1.02–1.08 0.001
≥ 1 comorbidity 0.56 0.41–0.77 0.62 0.42–0.92 0.016
Sinus present 0.65 0.44–0.95 0.58 0.35–0.95 0.032
DAIR at 90 d 1.22 0.9–1.66 2.41 1.39–4.18 0.002
Two-stage revision at 90 d 1.89 1.31–2.72 5.47 2.94–10.15 < 0.001
Culture negative 2.81 1.5–5.24 3.78 1.65–8.67 0.002

“OR Rx success” refers to the odds ratio of treatment success.

was less than guideline-based recommendations (Osmon et
al., 2013; Peel et al., 2017), this did not appear to contribute
to a reduction in identifiable causative pathogens, with no
significant differences in diagnostic sampling observed be-
tween the two groups. Suboptimal diagnostic sampling meth-
ods did appear to impact on PJI diagnostic certainty, how-
ever, with a notable absence of histopathological examina-
tion and synovial fluid analysis in the majority of the 10 cases
that failed to meet the 2021 EBJIS PJI criteria (Table S1). In-
stead, visible purulence around the prosthesis was the sole
definitive diagnostic criterion present in all 10 cases. While
the value of visible purulence has been questioned due to
its subjective nature and poor specificity (Alijanipour et al.,
2015), our findings highlight the potential value of this di-

agnostic criterion when applied in a real-life setting, where
suboptimal diagnostic sampling is frequently encountered.

In accordance with existing literature about CN PJI (Kang
et al., 2018; Choi et al., 2013; Paz et al., 2021), we demon-
strate improved overall outcomes when compared with CP
cases, despite no observed difference in the incidence of
fever or sepsis between cohorts (Paz et al., 2021). When com-
pared with CP patients, CN late acute infections managed
with DAIR were 5.3 times more likely to experience treat-
ment success (95 %CI of 1.5–19.5). This finding has not been
demonstrated in other CN cohorts (Kim et al., 2015; Choi et
al., 2013) but may be explained by the factors outlined in
the following. Firstly, pre-administration of antibiotics is a
known predictor of CN PJI (Berbari et al., 2007; Malekzadeh
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et al., 2010); hence, in late acute presentations, CN PJI may
represent a cohort in which the causative pathogen is more
readily eradicated or suppressed. A lack of biofilm forma-
tion and increased pathogen susceptibility does not provide
a complete explanation for these findings, however, given
similar outcomes observed in early postoperative CN and
CP cohorts. Instead, this finding further supports the con-
cept that late acute PJI represents a heterogenous cohort,
where a subset of CN late acute infections may represent
chronic bacterial infections with short overt symptom dura-
tions (Davis et al., 2022). Additionally, crystal arthropathies
due to monosodium urate and calcium pyrophosphate dihy-
drate deposition do not form part of routine PJI investigation
and may account for a proportion of late acute presentations
and improved outcomes. While further inaccuracies in the di-
agnosis of CN PJI could also explain these findings, detailed
examination of the presenting features and diagnostic crite-
rion of this cohort (see Table S2) does not support this.

Our study does have some limitations. For example, an-
tibiotic exposure prior to diagnostic sampling was not mea-
sured in either cohort, which may have contributed to cul-
ture negativity in the absence of other major demographic
differences. While data were collected prospectively, the ret-
rospective nature of this analysis and missing data mean that
definitive conclusions are unable to be drawn with regards to
the sensitivity and utility of current diagnostic criteria in the
setting of CN PJI.

Despite improved outcomes, CN PJI continues to repre-
sent a significant management challenge for surgeons and
physicians alike. As such, clarity with regards to optimal sur-
gical management strategies is needed. While it has been pre-
viously recommended that two-stage revisions be considered
as the optimal definitive surgical management strategy in all
CN PJIs (Ibrahim et al., 2018), our findings instead empha-
size the importance of precise infection-type classifications
in allowing for a more nuanced approached to CN PJI di-
agnosis and management. This important interplay has been
described previously (Davis et al., 2022) and highlights a cru-
cial need to base definitive surgical management decisions on
PJI infection type using standardized classification methods,
regardless of culture status.

The use of a standardized yet comprehensive approach
to PJI diagnostic sampling is reliant upon the collaborative
efforts of infectious diseases physicians, pathologists, and
orthopaedic surgeons, and it should be guided by available
evidence to optimize the sensitivity and specificity of PJI
detection. In high-volume centres, preprepared sterile sam-
pling kits have the potential to optimize sampling technique
and uniformity (Larsen et al., 2014), while laboratory-based
protocols addressing PJI specimen processing and multidis-
ciplinary case-based discussions should be implemented to
foster a culture of best practice and improve PJI outcomes.

5 Conclusions

In conclusion, CN PJIs are almost indistinguishable from a
broader CP PJI cohort while possessing an overall improved
prognosis. When applied in a real-life setting, current PJI di-
agnostic guidelines vary substantially in their ability to de-
tect CN PJI; this highlights the importance of comprehen-
sive diagnostic sampling, including non-culture-based meth-
ods, at the time of any revision arthroplasty or DAIR pro-
cedure. Like CP PJI, definitive surgical management strate-
gies should be determined by careful assessment of infection
type, rather than by culture status alone.

Data availability. The PIANO dataset is not yet publicly available,
as preplanned analyses by the PIANO study group are ongoing. In
the meantime, a de-identified version of the dataset can be accessed
by submitting a research proposal to the PIANO study management
committee (who are the data custodians) for approval. Proposals can
be addressed to Joshua Davis (joshua.davis@health.nsw.gov.au).
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