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Abstract
Aims: Preoperative aspiration culture and intraoperative cultures play pivotal roles in periprosthetic joint
infection (PJI) diagnosis and pathogen identi�cation. But the discordance between preoperative
aspiration culture and intraoperative synovial �uid culture remains unknown. We aim to determine 1 the
discordance between preoperative and intraoperative synovial �uid (SF) culture and. 2) compared to
intraoperative synovial �uid cultures, the sensitivity of preoperative aspiration �uid culture. Then the
following question is tried to be answered: Are intraoperative synovial �uid re-cultures necessary if the
preoperative aspiration culture is positive?

Materials and methods:

Between 2015 and 2019, 187 PJI patients managed with surgeries were included in this study. Compared
to intraoperative synovial �uid culture, the sensitivity, speci�city, positive predictive value (PPV), and
negative predictive value (NPV) of preoperative aspiration culture were calculated. Then, the discordance
between preoperative aspiration culture and intraoperative SF culture was analyzed.

Results:

The sensitivity of preoperative aspiration culture was 81.29% compared to intraoperative synovial �uid
cultures. Concordance was identi�ed in 147 PJI (78.61%) patients and culture discordance occurred in 40
patients (21.39%). In these discordant PJI patients, 24 patients (60%) were polymicrobial and no
intraoperative synovial �uid culture growth was found in 16 PJI cases (40%). Preoperative monomicrobial
staphylococcus results had a sensitivity of and a speci�city of 80.43% and 83.16%, respectively.
Preoperative polymicrobial results had the lowest sensitivity.

Conclusions: The intraoperative synovial �uid re-cultures are necessary if the preoperative aspiration
culture is positive and the discordance between preoperative aspiration culture and intraoperative
synovial �uid culture should be noted especially when streptococcus spp. and more than one pathogen
was revealed by preoperative aspiration culture.

Introduction
Periprosthetic joint infection (PJI), is a serious complication after total joint arthroplasties (TJA) and lays
a huge burden on patients, surgeons, and the health care systems.[1] Unfortunately, the incidence of PJI is
increasing but the diagnosis and treatment of PJI remain challenging and controversial[1].

Identifying the offending pathogens in PJI patients is critical in initiating early antibiotic administration,
choosing optimal surgical management strategy, and predicting prognosis. Preoperative joint aspiration
is pivotal in the management of PJI patients because the preoperative identi�cation of PJI pathogens and
subsequent antibiotics sensitivity test (AST) can guide perioperative antibiotics administration and the
selection of optimal surgery method[2]
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However, to our knowledge, some studies revealed the difference between preoperative aspiration cultures
and intraoperative tissue cultures but no studies comprehensively evaluated the concordance between
preoperative aspiration culture and intraoperative synovial �uid culture[3]. Based on the EBJIS criteria of
periprosthetic joint infection, both synovial �uid and at least �ve reliable tissue samples must be obtained
using separate instruments and immediately transferred to the laboratory for culture. If a microorganism
of high virulence was revealed in a single specimen from the patients, the PJI was diagnosed[4]. If a
microorganism of low virulence was detected in a single specimen, PJI was highly suspected. However,
according to these criteria, a problem was raised: are intraoperative synovial �uid re-cultures necessary if
preoperative aspiration culture is positive. If a microorganism of high-virulence was detected in the
preoperative aspiration culture, there may be no need to perform intra-op synovial �uid culture again
because the PJI pathogen has been identi�ed and extra tests increase the cost of PJI management. If a
microorganism of low-virulence was detected in the preoperative aspiration culture, it may be necessary
to perform an intra-op synovial �uid culture to further identify the speci�c PJI pathogen.

To address this problem, a retrospective study was conducted in a tertiary joint center to determine 1) the
discordance between preoperative synovial �uid culture and intraoperative synovial �uid culture. 2)
compared to intraoperative synovial �uid cultures, the diagnostic sensitivity and speci�city, positive
predictive value (PPV), and negative predictive value (NPV) of preoperative aspiration culture. Based on
these data, we try to answer this question: Are intraoperative synovial �uid cultures necessary if the
preoperative aspiration culture is positive.

Materials And Methods
Patients:

Institutional Review Board approval was attained before the commencement of this study and then, this
study was performed in a tertiary care orthopedic center. A longitudinally institutional PJI database was
queried from 2015 to 2019 for all PJI patients who were managed with surgeries (including DAIR, one-
stage revision, and two-staged arthroplasty) at a single tertiary care joint center.

All PJI patients within this database met the 2011 MSIS criteria[5] and the inclusion criteria were as
follows:

1) PJI patients diagnosed by the 2011 MSIS criteria

2) PJI patients managed with revisions at this tertiary joint center

3) patients with preoperative aspiration culture results from preoperative intra-articular aspiration within
90 days from revisions.

4) Only the latest aspiration culture results were included in this study if repeated joint aspirations were
performed before revisions.



Page 4/15

Patients were excluded if the only available preoperative aspiration culture was performed at the outside
hospital.

The process of inclusion and exclusion was shown in �gure 1.

Chart Review and Data Collection:

Following demographic variables of included patients were also scrutinized and collected: the age,
gender, BMI, joint, ASA scores, and comorbidities. Moreover, the culture results of preoperative and
intraoperative specimens and corresponding AST were also recorded.

Microbiological cultures:

In this tertiary joint center, preoperative joint aspiration cultures were performed routinely in these PJI
patients according to our institutional standards and this process had been described in previous
studies[6]. All preoperative aspirations and the surgeries for PJI were done at the same treating institution,
and the intraoperative aspiration before capsular incision was considered as the intraoperative aspiration
for comparison to pre-op results. The process of preoperative aspiration culture and intraoperative
synovial �uid culture were summarized in �gure 2.

The obtained synovial �uid was injected into a BacT/ALERT FA FAN (fastidious antimicrobial
neutralization) (BioM´erieux) bottle for anaerobic bacterial culture and a BacT/ALERT PF Pediatric FAN
(BioM´erieux) bottle for aerobic bacterial and fungal culture. Each bottle was incubated for 2 weeks, and
VITEK-MS (BioM´erieux) was used for microorganism identi�cation if pathogens were detected[7].

If a microorganism was revealed in either an aerobic bottle or an anaerobic bottle, this pathogen was
recorded as the preoperative aspiration culture results. Then, antibiotic sensitivity tests were performed by
disk diffusion according to the laboratory standard protocols.

Antibiotics administration:

According to the institutional protocols for PJI, if the patient received antibiotics within 2 weeks before
joint aspiration, the joint aspiration was delayed until the patient was away from antibiotics for 2 weeks.
Besides, no antibiotics were administrated before obtaining specimens sent for cultures in the PJI
management surgeries.

De�nition:

The de�nition of concordance and discordance was consistent with previous studies and the patients
were divided into 2 categories: the concordant group, and the discordance group[2]. The concordant
group was de�ned if both preoperative aspiration and intraoperative synovial �uid cultures revealed the
same bacteria species with identical antibiotic resistance pro�les. Otherwise, discordant cultures were
de�ned.
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To calculate the SE, SP, PPV, and NPV of preoperative aspiration culture and compare the difference
between preoperative aspiration culture and intraoperative synovial �uid culture, the result of
intraoperative synovial �uid culture was considered as the “gold” standard).

If the discordant rate between preoperative aspiration culture results and the intraoperative synovial �uid
cultures results were signi�cantly (95%CIlower>0), the necessity of intraoperative synovial �uid cultures
was de�ned.

 Statistical analysis:

The baseline characterizes of the patients are described as continuous data and dichotomous data. The
continuous data were presented as means or medians. The T-test is adapted to compare these data if the
normal distribution is achieved for continuous variables. Otherwise, the rand-sum test is utilized.
Dichotomous data were presented as frequencies and percentages. Then, these data were compared by
chi-squared test or Fisher exact test. Statistical signi�cance was de�ned if P<0.05 and statistical analysis
was performed on SPSS (IBM version: 22.0), Power BI (Microsoft version: 2019), and Excel (Microsoft
version: 2018). Power analysis was performed on PASS 11.0.

Results

1. Demographic characteristics:
Between 2015 and 2019, a total of 187 PJI patients managed with surgeries (including Debridement,
Antibiotics and Implant Retention, one-stage revision, and two-staged arthroplasty) were included in this
study �nally. The PJI patients included in this study were divided into the concordant group and
discordant group based on the concordance between preoperative aspiration cultures and intraoperative
SF culture. The mean age in these two groups was 62.18 years and 61.5 years, respectively. The mean
BMI in these two groups was 25.73kg/m2 years and 25.11kg/m2 years. The details on the demographic
characteristics of these two groups were shown in Table 1.
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Table 1
The demographic characteristics of PJI patients included in this study.

  Total

N = 187

Concordant

Group

N = 147

Discordant

Group

N = 40

P-value
(concordant
vs
discordant)

Age** 62.04(60.09,63.99) 62.18(59.89,64.48) 61.5(57.86,65.14) 0.434

Male** 98, 52.41% 77/147, 52.38% 21/40, 52.5% 0.989

BMI** 25.59(25.08,26.10) 25.73(25.12,26.30) 25.11(23.96,26.25) 0.446

Knee** 103, 55.08% 89/147, 60.54% 14/40, 35%  

Comorbidity

Diabetes 19, 10.16% 17, 11.56% 2, 5% 0.374

IJD 5, 2.67% 4, 2.72% 1, 2.5% 1.00

ASA score

1 1, 0.53% 1, 0.68% 0% 1.00

2   128, 87.07% 39, 97.5% 0.081

3 19, 10.16% 18, 12.24% 1, 2.5% 0.081

4 0 0 0 1.00

Organisms

Culture negative 46, 24.60% 37,25.17% 9, 22.5% 0.728

Staphylococcus 90, 48.13% 74, 50.34% 16, 40% 0.246

enterococcus 11, 5.88% 9, 6.12% 2, 5% 1.00

streptococcus 12,6.41% 4, 2.72% 8,20% 0.001*

gram positive
bacillus

4,2.14% 4, 2.7% 0 0.579

gram negative 11, 5.88% 10, 6.8% 1, 2.5% 0.462

fungus 9, 4.81% 8, 5.44% 1, 2.5% 0.687

polymicrobial
PJI

4, 2.13% 1, 0.68% 3, 7.5% 0.031

**Values were given as means with the 95%CI in the parentheses.

*P < 0.05
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2. The concordance in PJI Organism Between preoperative
Aspiration and Intraoperative synovial �uid Culture.
The total concordant rate between preoperative aspiration cultures and intraoperative synovial �uid
cultures was 85%. The concordant rate between these two cultures was about 82.22% in monomicrobial
staphylococcus PJI patients. The concordant rate between these two cultures was 81.82% in
monomicrobial enterococcus PJI patients. The concordant rate between these two cultures was 25% in
polymicrobial PJI patients. The details about the concordant rate between these two groups were
summarized in Table 2. Then, a Sankey plot was built to show the discordant pathogens between
preoperative aspiration culture and intraoperative synovial �uid cultures in detail. (Fig. 3).

Table 2
the concordance and discordance in PJI Organism Between preoperative Aspiration and Intraoperative

synovial �uid Culture.
pathogens Concordant rate, (n,

%)
Discordant

Rate (%)

False negative

Rate of intraoperative synovial culture
(n, %)

Culture-negative 37/46, 80.43% 19.57% 37/46, 80.43%

Staphylococcus
Spp

74/90, 82.22% 17.78% 9/90, 10%

Enterococcus Spp 9/11, 81.82% 18.96% 1/11, 9.98%

Streptococcus Spp 4/12, 33.33% 66.67% 4/12, 33.33%

gram positive
ballius

4/4

100%

0  

gram negative 10/11, 81.81% 18.18% 1/11, 18.18%

Fungus 8/9, 88.88% 11.12% 1/9, 11.12%

polymicrobial PJI 1/4, 25% 75% 0

 

3. The sensitivity, speci�city, PPV, and NPV of positive
preoperative synovial �uid culture by organism pro�le.
The intraoperative synovial �uid cultures were considered as the “gold” standards of pathogens.
Regarding the diagnostic performance of preoperative aspiration culture, monomicrobial staphylococcal
PJI cases had a sensitivity of 80.43%, a speci�city of 83.16%, a NPV of 81.44%, and a PPV of 82.22%.
Streptococcus spp demonstrated a sensitivity of 66.67%, a speci�city of 95.58%, a PPV of 33.33%, and a
NPV of 98.86%. The enterococcus PJI cases had a sensitivity of 90%, a speci�city of 98.87%, a PPV of
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81.82%, and a NPV of 99.43%. The fungus PJI cases had a sensitivity of 100%, a speci�city of 99.44%, a
PPV of 89%, and a NPV of 100%. The gram-positive bacillus PJI cases had a sensitivity of 80%, a
speci�city of 100%, a PPV of 100%, and a NPV of 99.45%. However, polymicrobial PJI exhibited
signi�cantly lower sensitivity (50%). The details about the SE, SP, PPV, and NPV of preoperative aspiration
culture and corresponding 95% con�dence interval (CI) were summarized in Table 3.

Table 3
the sensitivity, speci�city, PPV, and NPV of positive preoperative synovial �uid culture by organism pro�le

Pathogens sensitivity speci�city PPV NPV

Staphylococcus
spp

80.43%,
(72.2%,88.7%)

83.16%
(75.5%,90.8%)

82.22%
(74.2%,90.3%)

81.44%
(73.6%,89.3%)

Enterococcus spp. 90%
(67.4%,100%)

98.87%
(97.3%,100%)

81.82%
(54.6%,100%)

99.43%
(98.3%,100%)

Streptococcus spp. 66.67%
(12.5%,100%)

95.58%
(92.6%,98.6%)

33.33%
(2%,64.6%)

98.86%
(97.3%,100%)

gram positive
bacillus

80%
(24.5%,100%)

100%
(100%,100%)

100%
(100%,100%)

99.45%
(98.4%,100%)

fungus 100%
(100%,100%)

99.44%
(98.3%,100%)

88.89%
(63.3%,100%)

100%
(100%,100%)

gram negative
pathogens

100%
(100%,100%)

99.44%
(98.3%,100%)

90.91%
(70.7%,100%)

100%
(100%,100%)

Polymicrobial
infection

50%(5.3%,94.7%) 100%
(100%,100%)

100%
(100%,100%)

97.81%
(95.7%,100%)

The values were given as percentages with the 95% CI (con�dence interval) in the parentheses.

Discussion
The discordance between preoperative aspiration culture and intraoperative synovial �uid culture was
about 20% (95%CI: 18.9%—61.1%). Despite that the preoperative aspiration cultures were positive, it is still
necessary to perform intraoperative synovial �uid re-cultures because this intraoperative culture can
detect discordant pathogens in about 15% PJI patients compared to preoperative aspiration culture,
especially when streptococcus spp (discordant rate: 33.33%) and more than one pathogen (discordant
rate: 50%) was detected in preoperative aspiration cultures.

Pathogen identi�cation is pivotal in the management of PJI since the information on PJI pathogens can
guide perioperative antibiotics administration, treatment protocols and predict prognosis[1]. Although
preoperative aspiration cultures are more convenient than intraoperative cultures, these culture results
were obtained preoperatively, raising the possibility of suboptimal treatment protocol if discordant
cultures were encountered[2, 3, 8]. Up to now, only one study investigated the concordance between
preoperative aspiration and intraoperative SF culture, but these efforts were restricted to the limited
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number of PJI and septic arthritis patients[3]. We studied a large PJI cohort to comprehensively evaluate
the difference between preoperative aspiration cultures and intraoperative synovial �uid cultures. A total
of 187 patients were included in this study and power analysis was performed in this study. The study
has 94% power, at an alpha of 0.05, to identify a difference of 15% in this PJI cohort. (The details were
shown in the appendix). Therefore, the sample size of the study was enough to support our conclusion.

Inconsistent with previous studies, intraoperative cultures revealed more pathogens than preoperative
aspiration cultures[2]. This fact can be attributed to multiple specimens sent for culture during revisions
by which the sensitivity of cultures was improved and more pathogens were identi�ed. It highlights the
need for doctors to re-evaluate PJI pathogens during revisions and trim the antibiotic protocol after
revisions.

The sensitivity of preoperative synovial �uid culture and intraoperative synovial �uid culture for PJI
diagnosis was comparable. And the concordant rate between preoperative aspiration culture and
intraoperative synovial �uid culture is about 80%. This result suggested that intraoperative synovial �uid
culture was valuable despite preoperative SF culture was positive. If the preoperative synovial �uid
culture results are negative, the intraoperative SF culture can identify pathogens in about 20% of
preoperative culture-negative PJI patients. When the preoperative synovial �uid culture results were
positive, the intraoperative SF culture can detect discordant pathogens and improve the detection rate of
polymicrobial PJI in about 22% of preoperative culture-positive PJI patients.

In this study, some interesting �ndings were revealed. When streptococcus spp. and gram-positive
bacillus were identi�ed in preoperative aspiration cultures, the intraoperative SF culture was more likely to
identi�ed discordant pathogens compared to preoperative aspiration cultures. This result was consistent
with previous studies where these pathogens were more common in polymicrobial PJI compared to other
pathogens such as CNS[9, 10]. It suggests that intraoperative SF culture was strongly recommended
when these pathogens were identi�ed by preoperative aspiration cultures. Besides, in these patients,
intraoperative culture results should be followed up promptly in a bid to adjust the antibiotics timely.
Several studies also revealed that some speci�c pathogens such as streptococcus spp. and Enterococcus
spp. were associated with a higher risk of polymicrobial PJI[9, 11].

In most preoperative aspiration culture-positive PJI cases, the pathogens were identi�ed in two blood
culture bottles (aerobic and anaerobic blood culture bottles) therefore PJI was identi�ed based on the
major criteria of 2011 MSIS criteria in these cases (two positive cultures of the same organism). However,
in 6 cases, the pathogens were only identi�ed in one blood culture bottle. In the PJI cases caused by
fungi, these fungi were only identi�ed in the aerobic blood culture bottles preoperatively. But these fungi
revealed in aerobic blood culture bottles were further identi�ed in subsequent intraoperative cultures.
These �ndings suggested the high accuracy of this blood culture system when these blood culture bottles
were used to enrich pathogens in synovial �uids.

Considering the difference between preoperative aspiration culture and intraoperative synovial �uid
culture, the antibiotics were not recommended after aspiration but before surgery because the antibiotics
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administration can impair culture results. And the antibiotics were recommended to be administrated
after specimen collection during surgeries.

There are still some limitations in this study. Firstly, this study was performed in a single joint center
retrospectively and selection bias was imperative. Therefore, further examination of a multi-center study
is necessary. Second, these PJI pathogens were identi�ed by mass spectrum in this study and no
biochemical identi�cation results were compared. Some pathogens were classi�ed into G-positive
bacillus and no further identi�cation was performed. These ambiguous identi�cations also added some
bias to this study. Finally, the difference in outcomes between those with concordance vs discordance
was not evaluated in this study and this �eld needs to be explored further.

Conclusion
The monomicrobial results of preoperative aspiration cultures can guide clinicians in the selection of
treatment strategies in most monomicrobial PJI cases. But the discordant rate between preoperative
aspiration culture and intraoperative SF culture should be noted. Intraoperative SF culture can identify the
pathogens which haven’t been revealed by preoperative aspiration culture in about 20% of PJI cases.
Therefore, the intraoperative synovial �uid re-cultures are necessary whether the preoperative aspiration
culture is positive or not Furthermore, special caution about the antibiotic administration and
microbiological diagnosis are need when streptococcus spp. and more than one pathogen was revealed
by preoperative aspiration culture.
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Figure 1

The �owchart of patients included in this study
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Figure 2

The process of preoperative aspiration culture and intraoperative synovial �uid culture were summarized
in �gure 2.
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Figure 3

Sankey diagram of preoperative aspiration and intraoperative synovial �uid culture results.
1=Staphylococcus spp.; 2=enterococcus spp.; 3=streptococcus spp.; 5=gram positive bacillus; 7=gram
negative pathogens; 8=fungus;9=polymicrobial PJI; 0=culture negative Poly: polymicrobial PJI; Mono:
monomicrobial PJI


