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Abstract

Purpose This prospective study was undertaken to evalu-
ate the diagnostic accuracy of the Synovasure™ «-defensin
lateral flow assay to detect or exclude infection and to com-
pare it to the sensitivity and specificity of other diagnostic
criteria according to the International Consensus Group on
Periprosthetic Joint Infection (PJI).

Methods Al patients who have undergone revision total
knee arthroplasty (TKA) from September 2015 to July 2016
were included: 16 chronic (more than 3 months after per-
forming arthroplasty) infections and 35 aseptic joints were
identified. The diagnostic performance of single test was
assessed by receiver operating characteristic (ROC) curve
analyses. The sensitivity and specificity were calculated
for each of the cut-off values and the area under the curve
(AUC) was also calculated.

Results The median synovial fluid (SF) leukocyte count,
as well as the neutrophil percentage, was significantly
higher in patients with PJI than in those with aseptic fail-
ure (p <0.001). The sensitivity of a-defensin was 87.5%
(95%; CI 74.6-94.7), the specificity was 97.1% (95% CI
86.9-99.7), the positive predictive value 93.3% (95% CI
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81.8-98.1), and negative predictive value was 94.4% (95%
CI 83.2-98.6). The results in terms of sensitivity and nega-
tive predictive value were greater than those of the other
tests (cultures, synovial cell count, erythrocyte sedimenta-
tion rate, and C-reactive protein). The diagnostic accuracy of
o-defensin, with an area under the curve of 0.92, was found
to be higher than all the minor criteria for PJI.

Conclusions In this study, the a-defensin lateral flow test
was found to have the highest performance of all tests stud-
ied to identify PJI. Synovasure™ holds the potential to be
included in the daily clinical practice.

Level of evidence Level I diagnostic study.

Keywords Periprosthetic joint infection - Synovial fluid -
a-Defensin - Revision knee arthroplasty

Introduction

Periprosthetic joint infection (PJI) is one of the most serious
complications after total knee arthroplasty (TKA). PJI can
cause pain and extensive morbidity and imposes a major
economic burden on healthcare systems [4, 21]. Although
making an accurate and early diagnosis of PJI is essential
for proper surgical decision-making, doing so still remains
a challenge as there is no gold-standard test available for
PJI. In an attempt to overcome this limitation, the Musculo-
skeletal Infectious Society (MSIS) proposed a multi-criteria
definition of PJI based on a combination of clinical find-
ings, laboratory tests, and tissue histology [25]. Even though
these criteria, as modified during the International Consen-
sus Meeting in 2013, provide a useful tool for retrospective
diagnosis and research, the definition of PJI continues to be
controversial [24].
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In the last few years, the attention of diagnosticians of
PJI has been focused on synovial fluid biomarkers, and in
particular on a-defensin [11, 13, 16, 17, 19, 23]. This peptide
is released in the synovial fluid by polymorphonuclear leu-
kocytes in response to bacterial pathogens, and it is viewed
as a promising biomarker of PJI [13, 22, 23]. Reports on the
diagnostic accuracy of a-defensin measured in a laboratory
setting with immunoassay of the synovial fluid suggest a
high accuracy with a sensitivity ranging from 63 to 100%
for diagnosing PJI [4, 16, 18, 23]. Recently, a new rapid test
that can be used intra-operatively to detect the presence of
a-defensin (Synovasure™, Zimmer, Warsaw, IN, USA) has
been introduced. Thus far, only three clinical studies have
reported the diagnostic value of this lateral flow assay, and
their results should be corroborated by other clinical trials
on selected case series of patients underwent knee or hip
revision surgery [6, 20, 26].

For these reasons, this prospective study was under-
taken to evaluate the diagnostic accuracy of the Synovasure
a-defensin lateral flow assay to detect or exclude infection
and to compare it to the sensitivity and specificity of other
diagnostic criteria according to the International Consensus
Group on PJI in a cohort of patients with failed total knee
arthroplasty.

Materials and method

Data for all patients who have undergone TKA revision in
two orthopaedic centres between September 2015 and July
2016 were analysed. All patients who presented with failed
or painful joint arthroplasty underwent standardised diag-
nostic protocol to identify those with a PJI. The standard
workup included clinical evaluation coupled with C-reactive
protein (CRP) and erythrocyte sedimentation rate (ESR);
joint aspiration for white blood cell (WBC) count, percent-
age of polymorphonuclear leukocytes (PMN), and cultures.
The diagnosis of chronic infection (> 90 days after the index
procedure) was made based on International Consensus
Group (ICM) definition of PJI [24]. Chronic inflammatory
joint diseases (e.g. rheumatoid arthritis, psoriatic arthri-
tis); acute (<90 days after the index procedure) and late
haematogenous (symptoms of less than 3 weeks duration)
infections [9]; and an inadequate amount of synovial fluid
(210 mL) for culture, WBC, and PMN (neutrophil) percent-
age determinations were considered as exclusion criteria.
Patients included in the study had to withdraw any antibiotic
treatment at least 2 weeks before the diagnostic procedure.

For all of the subjects included in the study, we have
collected the following data: demographics (sex and age),
medical history, initial clinical presentation, laboratory
investigations, and microbiological analysis. A preoperative
joint aspiration was performed after a 2-week antibiotic-free
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period under sterile conditions. The synovial fluid (SF)
aspirate was processed for a cell count and microbiological
analysis to establish the diagnosis of PJI before the surgery.
According to ICM PJI criteria, SF WBC values of more than
3000 cells/uL and a PMN percentage higher than 80% were
classified as positive results.

The SF aspirate was transferred into two different vials:
the one for the cell counts contained ethylenediaminetet-
raacetic acid (EDTA with either K2 or K3) and 4-5 mL
of the aspirate was inoculated into aerobic and anaerobic
blood culture bottles (Bact-Alert FA, FN; bioMericux,
Marcy I’Etoile, France) and incubated for 14 days. The PJI
lateral flow tests were performed preoperatively or in the
operating room during surgery by a trained operator. The
intraoperative aspiration was performed after surgical inci-
sion but before capsulotomy to avoid any contamination with
blood. Subsequently, synovial fluid was serially diluted in
disposable tubes before the specimen was added to the pre-
measured dilution buffer. Finally, three drops of the diluted
synovial fluid sample were applied to the Synovasure PJI
testing cassette. Test results were available within 10 min.
Results of the PJI lateral flow test were not used to make
changes in the operative plan.

Additionally, at least five samples for periprosthetic tissue
were also collected in different sterile universal receptacles
in all patients for microbiological analysis. Tissue specimens
were homogenised in 3 mL of brain—heart infusion broth
(bioMerieux) for 1 min, and the homogenate was inoculated
into aerobic and anaerobic blood culture bottles (Bact-Alert
FA, FN; bioMerieux) and incubated at 37° for 14 days. The
broth was then subcultured onto a blood agar plate and a
chocolate agar plate and incubated under a CO,-enriched
atmosphere for 7 days and onto a Schaedler agar plate incu-
bated in an anaerobic atmosphere for 7 days as soon as it
becomes cloudy or on the 14th day [5]. Ethical approval was
obtained from the Internal Review Board (IRB) of Istituto
Fiorentino di Cura e Assistenza, Florence, Italy, in accord-
ance with the Declaration of Helsinki (ID 166bis).

Statistical analysis

Descriptive statistics were used for continuous variables, and
proportions for categorical variables. Continuous variables
were compared by the Mann—Whitney U test and categorical
variables by Fisher’s exact test or Chi-squared test.

The sensitivity, specificity, positive predictive value, and
negative predictive value of single diagnostic tests were cal-
culated using 2 X 2 contingency tables with the International
Consensus Group definition criteria of PJI as the diagnostic
standard. Receiver operating characteristic (ROC) curves,
which depict the relationship between true-positive results
(sensitivity) and false-negative results (1—specificity), were
constructed and areas under the ROC curves (AUC) were
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also assessed to better evaluate the diagnostic accuracy of a
single test. An AUC of 1 represents an ideal test with 100%
sensitivity and 100% specificity, whereas an area AUC <0.5
indicates that the diagnostic test is less useful. A p value of
<0.05 was considered statistically significant.

Sample size was calculated based on a one-sample com-
parison of proportions. The reference proportion was the
sensitivity value reported by Sigmund et al. of 69% [26]. An
expected increment of 15% was compared to this value. With
a value of alpha of 0.05 and a power of 0.8, the required
sample size was of 47 patients. Considering a 0.35 ratio
between PJI and aseptic loosening, the patients required in
each group were 16 and 31, respectively.

SPSS Statistical software 21.0.0.1 IBM Corp, Armonk,
NY, USA) was used for the database construction and the
statistical analysis.

Table 1 Baseline demographics retrieved in the 51 patients undergo-
ing revision total knee arthroplasty

Results

Fifty-one patients (45% men) with a median age of 63
(interquartile range, or IQR of 48-79) years were enrolled.
The baseline demographic findings are reported in Table 1.
On the basis of the criteria specified above, 16 knees were
judged to be infected. The most common types of microor-
ganism identified by positive cultures were coagulase-neg-
ative Staphylococci. One case was considered to be infected
despite negative pre- and intra-operative cultures.

Table 2 provides a summary of the median and IQR of
the preoperative ESR and CRP levels, WBC count and per-
centage of PMNs in the SF aspirated from both infected
and non-infected knees. All values were significantly dif-
ferent between the two groups. A significant correlation
between all diagnostic measures and PJI (p <0.001) except
for a single positive culture was retrieved (Table 3). The
single positive culture was higher in patients with aseptic
loosening of the TKA (11/35, 31.4%) than in those with sep-
tic TKA (3/16, 18.7%) but this finding was not statistically

Variable Frequency significant. Coagulase-negative Staphylococci were cultured
N 63 (4879 in all cases without infection. In two of these patients, the
Mgt; (yearj) ’ (45;/ ) single positive culture was associated with elevated serum
e gendet (45%) CRP and ESR values, without any other diagnostic criteria
Indication for revision surgery . .
Asentic | ) 18 (350 of infection.
PJSICPUC oosening 6 (31;) The PJI lateral flow test showed positive results in 15
Wea e ; (14;) patients and negative results in 36. When matching these
) earb(.);teo yoIs ; (14;) data with the diagnosis based on ICM PJI criteria, the test
Sn_sft? Tty 3 (6‘7 %) correctly identified 14 of 16 patients with an infection and
tiiness (6%) 34 of 35 aseptic revision patients. The test results were
Risk factors . e ..
) ) considered false positive in one case and false negative in
Diabetes mellitus 11 21%) e e .. ..

) i two cases. The sensitivity, specificity, positive predictive
Cardiovascular diseases 15 (29%) . . . .
Chronic hepatic s (10% value, and negative predictive value for all the diagnostic

Isol mzlc .epdtms . (10%) criteria including a-defensin test are shown in Table 4. The
s;)dat; T;lll_cmorfgamm; . MRSA 4 (16% sensitivity of a-defensin was 87.5% (95%; CI 74.6-94.7),
Meth?c?u%n-remstan'tblza;) Y ZCIOCCMS aureus ( MSS)A o (30(;) the specificity was 97.1% (95% CI 86.9-99.7), the positive
Cet 1011 m_subcéptl ¢ ;af Y OC,OCCMS aureus ( ) " (45(;) predictive value 93.3% (95% CI 81.8-98.1), and negative

oagulase-negative staphylococel @5%)  bredictive value was 94.4% (95% CI 83.2-98.6). The results
Enterococcus spp 2(7.7%) . e . ..
Psoud ) | (3.8% in terms of sensitivity and negative predictive value were
seu ?mon_as aerugimosa (3-8%) greater than those of the other tests (cultures, synovial cell
Polymicrobial 0 (0%)

Taple 2 S.ummar.y re.su'lts for Median (IQR) p value

perioperative testing in infected

and non-infected knees Infected (N=16) Non-infected (N=35)

ESR (mm/h) 59.1 (31-108) 25.6 (4-85) <0.001*
CRP (mg/L) 22 (9.3-50) 3.7 (1.1-3.7) 0.031*
SF WBC count (cells/uL) 5106 (3250-28,420) 752 (342-1740) <0.001*
SF PMN percentage 84 (72-92) 45 (32-61) <0.001*

CRP C-reactive protein, ESR erythrocyte sedimentation rate, /QR interquartile range, PMN polymorphonu-
clear, SF synovial fluid, WBC white blood cell

*Significance levels with Mann—Whitney U test
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Table 3 Comparison of the

i, .. Number (%) p value

positive results of clinical and

laboratory tests according Infected (n=16) Non-infected (n=35)

to criteria proposed by the

international consensus meeting Two positive periprosthetic cultures with pheno- 12 (75) 0(0) <0.001*

on PJI and a-defensin typically identical organisms
A sinus tract communicating with the joint 4(25) 0(0) 0.007*
Elevated CRP (> 10 mg/L) and ESR (>30 mm/h) 13 (81.3) 6(17.1) <0.001%*
SF WBC count > 3000/uL 12 (75) 3(8.6) <0.001*
SF PMN percentage > 80% 12 (75) 1(2,8) <0.001*
A single positive culture 3(18.7) 11 (31.4) N.s.*
Alpha-defensin (Synovasure™) 14 (87.5) 1(2.8) <0.001*

CRP C-reactive protein, ESR erythrocyte sedimentation rate, /QR interquartile range, MSIS Musculoskel-
etal Infection Society, PMN polymorphonuclear, SF synovial fluid, WBC white blood cell

*Significance levels by Fisher’s exact test.

**Significance levels by Chi-squared test

Table 4 Diagnostic accuracy of the criteria proposed by the International Consensus Meeting on Chronic infection and a-defensin

Test Sensitivity®

Specificity® PPV? NPV*

Two positive periprosthetic cultures with phenotypi-
cally identical organisms

A sinus tract communicating with the joint
Elevated CRP (> 10 mg/L) and ESR (> 30 mm/h)
SF WBC count >3000/uL.

SF PMN percentage > 80%

A single positive culture

Alpha-defensin (Synovasure)

75.0 (60.6-85.6)

25 (14.4-39.4)
81.3 (67.4-90.3)
75.0 (60.6-85.6)

75 (60.6-85.6)
18.8 (9.7-31.2)
87.5 (74.6-94.7)

100 (91.3-100) 100 (91.3-100) 89.7 (77.3-96.1)

100 (91.3-100)
82.9 (69.2-91.5)
91.4 (79.3-97.1)

97 (86.9-99.7)
75.6 (62.6-85.3)
97.1 (86.9-99.7)

100 (91.3-100)
68.4 (53.8-80.3)
80 (66-89.4)
92.3 (80.4-97.5)
21.4 (12.4-34.1)
93.3 (81.8-98.1)

74.5 (60-85.2)

90.6 (78.3-96.6)
88.9 (76.2-95.5)
89.5 (76.9-95.9)
72.3(59.2-82.7)
94.4 (83.2-98.6)

PPV positive predictive value, NPV negative predictive value

aThe 95% confidence intervals are shown in parenthesis

count, erythrocyte sedimentation rate, and C-reactive pro-
tein) (Table 4). ROC curves obtained for each parameter are
shown in Fig. 1.

Discussion

The most important finding of this present study was the
highest performance of a-defensin lateral flow assay of all
ICM criteria in the diagnosis of chronic knee prosthetic
infections.

Although a definite preoperative diagnosis of septic fail-
ure of a TKA is imperative for proper treatment and man-
agement, the diagnosis of PJI remains clinically challeng-
ing. Preoperative aspiration with fluid analysis represents
the best diagnostic tool because it is rapid and inexpensive,
and does not require specialised equipment [1, 3]. Recently,
however, the use of synovial fluid biomarkers such as
a-defensin has been proposed with promising results [12—-15,
23]. This study evaluated the diagnostic accuracy of a novel
a-defensin lateral flow assay (Synovasure) in the diagnosis
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of knee periprosthetic joint infection using the PJI defini-
tion revised by the International Consensus Group. It was
then compared with other currently available clinical tests,
specifically, cell count, culture, ESR, and CRP. The results
of the Synovasure assay reported in this study had excellent
sensitivity and specificity and were consistent with previ-
ously reported data [6, 20, 26]. At 87.5 and 97.1%, respec-
tively, the sensitivity and specificity of these results were
higher than those reported in previous studies that used the
Synovasure PJI Lateral Flow Test Kit [20, 26], except for
sensitivity reported by Berger et al. [6].

In addition, the sensitivity, specificity and diagnos-
tic accuracy of the Synovasure test, which is a qualitative
assessment of a-defensin, are comparable with the quantita-
tive enzyme-linked immunosorbent assay (ELISA) assess-
ment of a-defensin [7, 8, 12-15, 17]. We reported only one
false-positive test, which occurred in a 65-year-old woman
with two positive minor criteria (increased inflammatory
markers and increased WBC count in synovial fluid) who
underwent one stage revision arthroplasty. Pre- and intra-
operative cultures were all negative and the patient did not
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Fig.1 Graph showing (*) receiver operating characteristic (ROC)
curve and area under curve (AUC) for a-defensin (area under ROC
curve=0.92; 95% CI 0.82-1.0); (**) ROC curve and AUC for two
positive periprosthetic cultures (area under ROC curve=0.88; 95%
CI 0.74-0.95); (***) ROC curve and AUC for neutrophil percentage
(PMN% >80%) (area under ROC curve=0.86; 95% CI 0.73-0.99);
(*¥*%%) ROC curve and AUC for synovial fluid leukocyte count (WBC
count>3000/uL) (area under ROC curve=0.83; 95% CI 0.69-0.97);
(*¥****) ROC curve and AUC for increased inflammatory markers
(ESR>30 mm/h and CRP> 10 mg/L) (area under ROC curve=0.82;
95% CI 0.68-0.95); (******) ROC curve and AUC for the pres-
ence of sinus tract communicating with the joint (area under ROC
curve =0.63; 95% CI 0.45-0.80); (****#*%) ROC curve and AUC for
single positive culture (area under ROC curve=0.47; 95% CI 0.27-
0.70)

show any signs or symptoms of infection at 15-month fol-
low-up. False-positive results were also reported in previous
studies [6-8, 13, 17]. Bingham et al. [7] reported on two
patients with false-positive results. In those patients, other
markers of inflammation such as CRP, cell count, and ESR
were elevated as well. They theorised that aseptic inflamma-
tion might be responsible for elevated a-defensin levels. A
possible interpretation of these data could be that in cases of
elevated synovial a-defensin levels and less than three minor
criteria according to the ICM PJI criteria, the presence of
possible metal debris should be considered. Two false-nega-
tive results are also reported. These patients were considered
infected because of two positive cultures (Staphylococcus
epidermidis in one case and Staphylococcus aureus in the
other). As in the current series, Deirmengian et al. [13] and
Bonananzinga et al. [8] also reported only one false-nega-
tive result. In both series, the cultures were negative but the
diagnosis was done by matching other ICM PJI criteria. In
the series of Frangiamore et al. [17], there was one false-
negative result in a subject who had a positive culture that
was considered to be due to contamination.

In addition, because of the higher diagnostic accuracy
of the a-defensin lateral flow assay with respect to other
diagnostic tests (clinical signs, inflammatory markers,
synovial fluid WBC count and differential), the Synovas-
ure test provides additional data to the ICM PJI criteria.
Synovasure has the additional advantage over other tests
that it gives a rapid result (10 min). This conclusion is
in contrast to that of Sigmund et al. [26], who reported a
lower diagnostic accuracy for the a-defensin test than for
frozen section, bacteriology with at least two positive cul-
tures, sonication cultures, and serum CRP levels. However,
our relatively small sample may overestimate the accuracy
of the test, so further studies are needed to evaluate the
performance of Synovasure and its role in the diagnosis
of infected arthroplasty.

Moreover, in our study, the presence of a sinus tract,
even if is considered pathognomonic for PJI, reported
worse AUC result as compared with two positive cultures,
WBC count, neutrophil percentage, or increased inflam-
matory markers. This may be explained by the fact that
this major criterion has correctly detected all non-infected
patients (100% specificity) but it showed less capacity to
identify patients with PJI (25% of sensitivity).

Therefore, because of these false-negative results, the
absence of these criteria does not rule out infection.

Finally, this study presents several limitations. First,
subjects with inflammatory joint disease, who are known
to be associated with high inflammatory markers (ESR,
CRP) as well as synovial fluid leukocyte count and neu-
trophil percentage, were not included. Also, patients with
acute or haematogenous infections in which cut-off values of
diagnostic criteria are quite different with respect to chronic
infections were excluded. Second, the analysed data were
from only a small group of patients compared with other
studies on PJI diagnosis and a-defensin assays [2, 8, 10].
However, at present, this is still the largest study available
in the literature on painful TKA prosthesis using this novel
assay. Synovasure™ holds the potential to be included as a
diagnostic criterion in the daily clinical practice.

Conclusion

In conclusion, the findings of this study suggest that the
a-defensin lateral flow test can play a role in the diagnosis
of PJI. The use of the Synovasure test was found to be a
useful addition to the diagnosis of these infections and
decision making during treatment of painful TKA.
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