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a b s t r a c t

Background: Synovial fluid alpha-defensin (AD) may improve diagnostic accuracy of periprosthetic joint
infection (PJI) following total knee (TKA) and hip (THA) arthroplasty but is only available as send-out test.
This study evaluated laboratory result accuracy between send-out test vs hospital labs and if AD made a
difference in treatment plan.
Methods: A retrospective review was performed of 152 consecutive patients with a TKA or THA joint
aspiration for painful or clinically concerning joint. Synovial fluid was sent to our institution (hospital-
based labs, HBL) and send-out immunoassay laboratory (Synovasure). Patients were scored with specific
criteria from validated scoring system for PJI using HBL and Synovasure results. The score with and
without AD test was compared to determine if AD impacted patient management.
Results: Overall, there was strong agreement between institutions for PJI diagnosis (Cohen’s kappa score
0.96). Twenty-nine patients had PJI diagnosis (score �6), of which 28 (97%) had positive AD with 1 false-
negative result. Sixty-three patients had inconclusive score (between 2 and 5) and 60 patients had
negative PJI diagnosis (score �1). Of these patients, 5 underwent surgery for infection. Two patients had
surgery for positive AD, 2 for positive culture, and 1 because of elevated HBL results. The AD test changed
the PJI diagnosis and influenced decision for surgery in only 1.3% (2/152) of patients.
Conclusion: Minimal differences were found in laboratory values between institutions. The addition of
AD may be useful in cases of equivocal laboratory results but does not appear to be necessary for routine
diagnosis of PJI after TKA/THA.
Level Evidence: Level III.

© 2021 Elsevier Inc. All rights reserved.
Periprosthetic joint infection (PJI) remains one of the most
common and challenging complications following total hip (THA)
and total knee arthroplasty (TKA). National arthroplasty registries
indicate that the infectious burden for THA and TKA ranges
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between 0.76% and 1.28%, with the overall incidence of PJI
increasing over time [1]. Diagnosing a PJI is challenging as clinical
presentation and laboratory results can be inconsistent [2]. To date,
there is no single laboratory test with 100% sensitivity or specificity
in diagnosing PJI [3]. In 2011, the Musculoskeletal Infection Society
(MSIS) developed a list of major and minor diagnostic criteria to
guide clinicians in this endeavor. This definition was updated in
2013 at the International Consensus Meeting [4] and recently
revised in 2018 to include novel laboratory tests such as alpha-
defensin (AD) and a new scoring system [5].

AD is an antimicrobial peptide released by neutrophils in the
presence of various pathogens [6]. AD’s utility in the work-up of PJI
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has become controversial. Some studies have shown AD to have
higher sensitivity and specificity for PJI than leukocyte esterase (LE)
[7,8] or a host of other studied biomarkers [8e15]. Recent meta-
analyses and systematic reviews have shown AD to have the
highest diagnostic odds ratio among other common synovial bio-
markers [14], with one showing sensitivity of 0.97 and specificity of
0.9 [8]. It has the potential to detect a wide spectrum of organisms
of variable gram type and virulence [11] and does not seem to be
affected by the presence of blood [16]. AD has also shown to
maintain its sensitivity in patients on antibiotics [17]. Furthermore,
some studies have argued that it has better diagnostic ability in
challenging patient populations such as those with systemic in-
flammatory disorders, culture-negative fluid, or equivocal labora-
tory results [18,19]. The most recent 2018 MSIS criteria for PJI
assigned AD the highest score rating available [5]. There are,
however, some conflicting reports that have raised concerns about
its accuracy. The test can produce false-positive results in the
presence of metallosis [12,20,21] and there have been several cases
of false-negative results with low virulence organisms [11,20,22].
AD testing is not available at most institutions, so some clinicians
may feel obligated to order expensive send-out tests to obtain this
biomarker result.

The Synovasure Test (CD Diagnostics, Inc, Wynnewood, PA) is a
commercially available kit that can detect the presence of AD in
synovial fluid. The test is available as either a point-of-care lateral
flow test with AD detection results available in 10 minutes, or as a
laboratory immunoassay test that is sent via expedited mail to a
central diagnostic lab for results within 24 hours. The send-out test
provides a more detailed panel of lab values other than AD that are
typically obtained through one’s hospital including synovial white
blood cell count (WBC), polymorphonuclear neutrophils (PMNs),
and microbial organism panel. The potential advantages of Syno-
vasure testing include convenience for providers as an array of
information is available with quick turn around, and standardiza-
tion of results as all samples are processed in a central lab as
opposed to various hospital labs. It could be argued that the Syn-
ovasure test could potentially be used in place of standard hospital-
based labs (HBL). However, this test does comewith additional cost
to the patient and risk for false-negative or false-positive AD results
as previously discussed. It is important to verify the clinical utility
of this test and which patients it is most suitable for.

The purpose of our study is to compare the diagnostic accuracy
of Synovasure results (not including AD test result) and standard
HBL results in making diagnosis of PJI following THA and TKA using
2018 MSIS scoring system. Second, we investigated whether addi-
tion of the AD test impacts clinical practice beyond standard lab
testing. We hypothesized that the results obtained from the Syn-
ovasure test would be equivocal to standard HBL results and that
AD would not have a significant impact on the diagnosis for PJI
beyond standard criteria.
Table 1
Modified 2018MSISMinor Criteria Used for Diagnosing Infection (Excluding Alpha-Defens
of Patients in Each Diagnosis Group Using Both SYN and HBL Results.

Scoring (Without Alpha-Defensin) Diagnosis (W

Minor Criteria Score No. of Patients
(SYN/HBL)

Infected (Sc
(SYN/HBL)

Serum tests 29/29
Elevated CRP 2 91
Elevated ESR 1 32

Synovial fluid tests
Elevated WBC count 3 31/35
Elevated PMN (%) 2 30/36

MSIS, Musculoskeletal Infection Society; SYN, Synovasure; HBL, hospital-based labs; WB
Methods

Patient Population

This study is a single-center Institutional Review Board-
approved retrospective review of consecutive patients evaluated
at our institution between June 2015 and June 2019 for a painful or
clinically concerning THA or TKA. All patients underwent infectious
work-up consisting of serum labs (c-reactive protein [CRP] and
estimated sedimentation rate [ESR]) and synovial fluid aspiration
from the affected joint. The serum labs and aspiration were per-
formed on the same day or within 30 days of one another. Joint
aspirations were performed on all patients irrespective of serum
lab values. Indications for the infectionwork-upwere any clinical or
radiographic findings that could be indicative of PJI, including
painful joint, persistent joint effusion, systemic infectious symp-
toms, or radiographic abnormalities (osteolysis, implant loosening,
or component migration). Knee aspirations were performed in the
clinic under sterile conditions by one of our 5 medical providers
and hip aspirations were performed under fluoroscopic guidance
by interventional radiologists at our institution. Patients must have
had their joint aspiration sent for both HBL testing and full Syno-
vasure panel testing to be included in this analysis. Aspirations
performed within 90 days of surgery were excluded to eliminate
acute periprosthetic infections, as laboratory thresholds for acute
PJIs are different than chronic PJIs. Similarly, acute hematogenous
infections were excluded. There were no patient exclusions based
on age, comorbidities, or number of joint surgeries. Patients were
not excluded if their initial surgery was done at another facility.
Time between the aspiration and initial surgery was determined
when possible if records from outside hospitals could be obtained.

Scoring and Diagnosis

We used the 2018 thresholds for diagnosis of chronic infection
of synovial WBC >3000 cells/mL and PMN% >80% [5] to determine if
levels were elevated. All patients had serum laboratory tests per-
formed at a local hospital (as Synovasure is for synovial fluid only)
including CRP and ESR levels within 30 days of joint aspiration.
Patients were excluded from the study if the joint aspirate was
unable to run all of the aforementioned laboratory values or if they
had a metal-on-metal hip implant with concern for metallosis.

The 2018MSIS scoring criteria for diagnosis of a chronic PJI were
used to categorize patients into one of the 3 groups [5]. Patients
with at least 1major criterionwere considered infected, including 2
positive cultures with same organism or sinus tract communicating
with the joint. In the absence of major criteria findings, the minor
criteria for PJI diagnosis were used. We initially scored the patients
using only certain criteria including serum ESR, serum CRP, synovial
WBC, and synovial PMNs (Table 1). Patients with a score �6 from
in Test)With the Number of Patients Having Elevated Laboratory Values and Number

ithout Alpha-Defensin)

ore � 6) Possibly Infected (Score 2-5)
(SYN/HBL)

Not Infected (Score �1)
(SYN/HBL)

63/65 60/58

C, white blood cell count; PMN, polymorphonuclear neutrophils.



Table 2
Agreement Between SYN and HBL in Classifying Patients as Infected, Possibly
Infected, or Not Infected Using Modified 2018MSIS CriteriaWithout Alpha-Defensin
Test.

Diagnosis Agreement SYN vs HBL
(Cohen’s Kappa)

95% CI

Infected (MSIS score �6) 0.96 (0.80-1.12)
Possibly infected (MSIS score 2-5) 0.95 (0.79-1.11)
Not infected (MSIS score �1) 0.97 (0.81-1.13)

MSIS, Musculoskeletal Infection Society; SYN, Synovasure; HBL, hospital-based labs;
CI, confidence interval.
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the minor criteria were classified as “infected.” Patients who scored
between 2 and 5 were considered “possibly infected” and intra-
operative criteria (when available) were used to verify the diag-
nosis. Patients with a score �1 were considered “not infected.”
Patients were first scored using HBL results and then were scored
using Synovasure results. We then rescored the patients including
the AD test result (either positive or negative).

There are multiple reasons whywe decided to score the patients
with this approach. First, certain components of the 2018 MSIS
criteria are not routinely ordered on all patients including serum D-
dimer, synovial LE, and synovial CRP. The criteria that we used are
the critical criteria carried over from the 2013 MSIS criteria and are
arguably the most common tests ordered for PJI work-up. Second,
the AD test is only available as a send-out test and cannot be run in
a standard HBL. By comparing the score with and without the AD
test we were able to determine whether the AD test changed the
diagnosis of PJI or influenced decision to perform surgical
intervention.

Surgical Intervention

We assessed whether patients underwent surgical intervention,
continued observation, or repeat aspiration based on their labora-
tory results. All intraoperative findings/cultures were evaluated
(when available) to determine if infection was clinically present or
if implant failure was due to another complication (ie, aseptic
loosening, trunnion corrosion, metallosis, implant failure, etc.). All
patients were followed for at least 1 year following their aspiration
to determine if other interventions were performed.

Statistical Analysis

As there is no definitive test to use to confirm if PJI was present
or not, we calculated agreement between HBL and Synovasure re-
sults based on the following: (1) whether certain lab values were
elevated above threshold; (2) patient’s classification using 2018
MSIS scoring system (infected, possibly infected, or not infected);
and (3) overall PJI diagnosis. A Cohen’s kappa agreement score was
calculated for each of these variables with kappa score of �0 indi-
cating no agreement and 0.01-0.20 as none to slight, 0.21-0.40 as
fair, 0.41-0.60 as moderate, 0.61-0.80 as substantial, and 0.81-0.99
correlative with almost perfect agreement. All analyses were per-
formed using the software Minitab Version 18 (State College, PA).

Results

Patient Population

We identified 152 patients evaluated at our institution for
symptomatic TKA or THAwith a joint aspiration who met inclusion
criteria. There were 34 THAs and 118 TKAs with most of the initial
surgeries performed at outside facilities (97 of 152 patients). The
average time to presentation from the initial surgery was 2.3 years
(range 0.25-22.9). There were no patients who met the diagnosis
for infection using the major criteria so all patients were scored
using the minor criteria.

Serum Laboratory Values

We first looked at serum lab results. Elevated serum lab values
were not used to determine if aspiration should be performed in
this study and all patients were aspirated regardless of their lab
values. There were 91 patients with abnormal CRP and 32 patients
with abnormal ESR. Conversely, therewere 61 patients with normal
CRP and 120 patients with normal ESR. Of the patients with normal
CRP, there were no positive AD results and no patients with
elevated ESR. There was only 1 patient with normal CRP who met
criteria for “possibly infected” diagnosis. Of the 120 patients with
normal ESR, 59 had an elevated CRP value and 11 had positive AD.
From this group, 8 patients met criteria for “infected” diagnosis and
52 patients met criteria for “possibly infected.” This indicates that
the ESR value may be as accurate for determining the presence of
infection as the CRP value.

Patients With Diagnosis of “Infected”

There were 29 patients whomet the criteria for diagnosis of a PJI
(MSIS score �6) using Synovasure results and 29 patients using the
HBL results (Table 1). One patient had a score �6 using Synovasure
results but not HBL and another patient had a score �6 using HBL
results but not Synovasure. This corresponds to a Cohen’s kappa
agreement score of 0.96 (Table 2). Of the 29 patients with a diag-
nosis of PJI using Synovasure, 28 patients (97%) also had a positive
AD. Since these patients already had diagnosis for PJI using other
criteria, addition of the AD did not affect their diagnosis or change
management. One patient had negative AD test despite having a
score �6 using both HBL and Synovasure results indicative of false-
negative result. The 2 patients with differing diagnosis between
institutions had a discrepancy in the cell count. All patients who
met criteria for PJI in this group (including the patients with
discrepancy between institutions) underwent surgical intervention
for infection.

Patients With Diagnosis of “Possibly Infected”

We identified 63 patients who had an inconclusive score for PJI
(score between 2 and 5) using the Synovasure results and 65 pa-
tients with an inconclusive score using HBL results (Table 1). Pa-
tients in this cohort received an inconclusive score because of
equivocal labs (low CRP, low ESR, low cell count, or low PMN%). The
Cohen’s kappa agreement score in this cohort was 0.95 (Table 2).
When the AD test result was included, 5 patients had a score that
changed from “possibly infected” to “infected” (Table 3). Five pa-
tients in this cohort underwent surgical intervention for infection
(Table 4). Two patients had surgery because of a positive culture
from their joint aspiration and positive AD test (Table 4, patient #4
and #5). Two patients underwent surgery because of a positive AD
test, all of which had a negative aspiration culture and operative
cultures (Table 4, patient #2 and #3). The last patient underwent
surgery because of a score �6 using HBL results, but had a score <6
using the Synovasure results (Table 4, patient #1). This patient had
negative aspiration culture results and negative AD test.

Patients With Diagnosis of “Not Infected”

There were 60 patients with a negative diagnosis for infection
(MSIS score�1) using Synovasure results and 58 patients using HBL



Table 3
Modified 2018 MSIS Minor Criteria Used for Diagnosing Infection (Now Including Alpha-Defensin Test) With the Number of Patients Having Elevated Laboratory Values and
Number of Patients in Each Diagnosis Group Using Both SYN and HBL Results.

Scoring (With Alpha-Defensin) Diagnosis (With Alpha-Defensin)

Minor Criteria Score No. of Patients
(SYN/HBL)

Infected (Score � 6)
(SYN/HBL)

Possibly Infected (Score 2-5)
(SYN/HBL)

Not Infected (Score �1)
(SYN/HBL)

Serum tests 30/33 62/61 60/58
Elevated CRP 2 91
Elevated ESR 1 32

Synovial fluid tests
Elevated WBC count 3 31/35
Positive alpha-defensin 3 31/NA
Elevated PMN (%) 2 30/36

MSIS, Musculoskeletal Infection Society; SYN, Synovasure; HBL, hospital-based labs; N/A, not applicable; WBC, white blood cell count; PMN, polymorphonuclear neutrophils.
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results (Table 1). This corresponds to a Cohen’s kappa agreement
score of 0.97 (Table 2). None of these patients had a positive AD
result (Table 3). Only one of the patients in this group underwent
surgical irrigation and debridement based on a positive culture
from an aspiration performed at an outside hospital.

Overall Agreement Between Hospital and Synovasure Results

When looking cumulatively at the scores between HBL and
Synovasure results, the Cohen’s kappa agreement score was 0.96
for PJI diagnosis (97.4% agreement) (Table 5). There was similar
agreement on whether the WBC and PMN% were elevated above
2013 threshold levels with Cohen’s kappa score of 0.85 and 0.88,
respectively (Table 5). Addition of the AD test only changed the
diagnosis for PJI and impacted treatment plan in 2 patients (1.3% of
total population) with an inconclusive score for PJI (Table 4, patient
#2 and #3). The AD test had no impact on PJI diagnosis or treatment
plan in patients with a score �6 or score �1.

Discussion

Periprosthetic infection remains one of the most challenging
clinical diagnoses to make despite being one of the leading causes
for joint failure [23]. AD has shown the most promising diagnostic
capabilities of several synovial biomarkers [8,14,16] but there is
concern regarding its accuracy in certain patient populations
[12,13,18,20,22,24] compared to standard hospital testing.

In our study, we found strong agreement (97.4%) between the
Synovasure immunoassay and HBL in diagnosing PJI using a
modified scoring system. Addition of the AD test did not change the
diagnosis for infection or influence decision to perform surgical
intervention in any patients with an MSIS score�6 or score�1. The
one patient with score �1 who underwent surgical intervention
did so because of surgeon’s discretion based on history of positive
culture. For patients with an inconclusive score for infection (score
between 2 and 5), inclusion of the AD test altered the diagnosis of
PJI in 5 patients (Table 3) who were ultimately taken for surgical
intervention. Two of these patients also had a positive culture and
Table 4
Specific Data on PatientsWith Inconclusive Diagnosis for PJI (Score Between 2 and 5)Who
Surgical Intervention.

Patient Synovasure MSIS Score
(Excluding AD)

HBL MSIS Score
(Excluding AD)

AD Test Result

Patient #1 4 7 Negative
Patient #2 2 5 Positive
Patient #3 3 5 Positive
Patient #4 2 5 Positive
Patient #5 8 5 Positive

PJI, periprosthetic joint infection; MSIS, Musculoskeletal Infection Society; SYN, Synovas
would have been taken for surgery regardless of the AD result
(Table 4). Therefore, we found only 2 patients (1.3% of the total
patient population) where the AD result changed our management
plan (Table 4). We conclude that the AD test may not be needed for
routine diagnostic testing for PJI, but may be useful in cases with
equivocal laboratory results.

Our study has similar findings to other studies in the literature.
Kelly et al [18] evaluated 39 aspirations using the 2013MSIS criteria
and found AD to be most useful as an adjunctive tool when patients
have an equivocal PJI diagnosis. In patients with recent antibiotic
exposure, AD matched the PJI diagnosis with 2013 MSIS criteria in
82.6% of patients but with one false-negative and 3 false-positive
results. In total they had 5 false-positive results for AD with 4 of
these being in patients with inflammatory arthritis. The overall
sensitivity and specificity for the test was 82% and 82%, which is
lower than some other studies at sensitivity range 95%-100% and
specificity range 95%-98% [7,10,15]. Of note, Kelly et al focused
specifically on patients with an equivocal PJI diagnosis, whereas
other studies focus on more homogeneous patient populations
with either known infection or aseptic failure [7,10,15,25]. Our
study included all patients being evaluated for a symptomatic total
knee or hip replacement. We found 1 false-negative in our cohort
and had potentially 2 false-positives in patients with equivocal labs,
as their intraoperative findings were not concerning for infection
and operative cultures never yielded any growth (Table 4, patient
#2 and #3). We did not identify any patients with prior antibiotic
exposure or underlying inflammatory conditions so we cannot
comment on the utility of AD in these more challenging patient
populations.

Another study by Shohat et al [25] similarly showed little utility
of the AD test inwork-up for PJI. They retrospectively compared 684
patients with PJI to 820 patients with aseptic revision using the
MSIS 2018 criteria. When AD was excluded from the scoring algo-
rithm, the diagnostic performance of the minor criteria did not
change indicating that AD added little benefit as a routine diag-
nostic test. They found similar performance of LE to AD which is a
simpler and less expensive test to perform. This has been shown by
other studies as well [5,10]. This suggests that HBL testing with LE
Underwent Surgical Intervention for Infection AlongWith Variables That Influenced

Culture Result Indication for Surgery

Negative HBL score �6
Negative þ AD
Negative þAD

Positive (Staphylococcus aureus) þ AD and þ culture
Positive (Staphylococcus aureus) SYN score �6, þ AD and þ culture

ure; HBL, hospital-based labs; AD, alpha-defensin.



Table 5
Agreement Between SYN and HBL on Specific Parameters Used to Diagnose Infection (Including Synovial Cell Count and Synovial PMN%) and Overall Agreement Between
Institutions in Making Diagnosis of Infection.

N ¼ 152 Percent Matched, n (%) Agreement Between SYN vs HBL
(Cohen’s Kappa)

95% CI

Elevated synovial white blood cell count 94.7% 0.85 (0.69-1.01)
Elevated polymorphonuclear neutrophils (PMN) % 96.1% 0.88 (0.72-1.04)
Overall infection ranking 97.4% 0.96 (0.83-1.07)

SYN, Synovasure; HBL, hospital-based labs; PMN, polymorphonuclear neutrophils; CI, confidence interval.
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test may be a suitable alternative in patients with equivocal diag-
nosis. If a definitive diagnosis cannot be made using these param-
eters, one should consider re-aspirating for the AD test to assist in
guiding management.

Our study has several limitations to its interpretation. As there is
no “gold standard” for diagnosing PJI, we had limited ability to
determine if the AD test resulted in any true false-positives or false-
negatives or likewise what its actual sensitivity/specificity was for
our cohort. Instead, we investigated whether there was agreement
between institutions in making diagnosis for PJI. The AD test was
compared to the most updated 2018 MSIS scoring algorithm; how-
ever, even these criteria do not always have 100% sensitivity or
specificity [5]. Another limitation is that we used a modified version
of the 2018 MSIS criteria in making the diagnosis for PJI, as some of
the criteria like serum D-dimer, synovial LE, and synovial CRP were
not available in all our patients. We feel that this is appropriate since
most clinicians do not use these tests. Most other studies evaluating
the AD test applied the 2013 MSIS criteria [7e9,12,13,15,18,20,26],
which has inherent limitations for its use. This criterion requires
both an elevated CRP and ESR which can falsely exclude many pa-
tients with PJI. Second, the 2013 criteria combine both non-invasive
and invasive tests. As many patients evaluated in this study did not
undergo surgery, the invasive variable informationwas not available
in most. Finally, the 2013 criteria separate patients into “infected” or
“not infected” categories with no way to account for equivocal
findings or allow quantitative assessment on the likelihood for
infection. It is specifically patients with equivocal findings that we
were most interested in understanding the effect of the AD test.
Using the 2013 criteria could have falsely categorized them as not
infected. Another limitation is that our study does not distinguish
between hip and knee PJI whichmay ormay not have an impact. The
recent International Consensus on Orthopedic Infections showed
weak consensus (68%majority) that the same criteria should be used
for hip and knee infections [27]. However, at the present time the
thresholds for PJI are the same for both THA and TKA. Furthermore,
we did not identify any patients with underlying inflammatory
disorder, adverse local tissue reaction, crystalline deposit arthrop-
athy, or recent antibiotic use making our results difficult to extrap-
olate to more challenging patient populations.

Our study demonstrates that ADmay have limited clinical utility
in most patients being evaluated for a symptomatic TKA or THA.
Using a modified version of the 2018MSIS criteria, there was strong
agreement in diagnosing PJI between the HBL and Synovasure
immunoassay with the addition of AD changing the diagnosis in
only 1.3% of cases. It appears that AD has greatest utility in patients
with equivocal traditional HBL testing. Further investigation is
needed to determine if there is a subset of these patients that
would benefit most from this test to further limit exhaustive
adjunctive testing.

References

[1] Springer BD, Cahue S, Etkin CD, Lewallen DG, McGrory BJ. Infection burden in
total hip and knee arthroplasties: an international registry-based perspective.
Arthroplast Today 2017;3:137e40.
[2] Nodzo SR, Bauer T, Pottinger PS, Garrigues GE, Bedair H, Deirmengian CA, et al.
Conventional diagnostic challenges in periprosthetic joint infection. J Am Acad
Orthop Surg 2015;23:S18e25.

[3] Bingham JS, Salib CG, McQuivey K, Temkit M, Spangehl MJ. An evidence-based
clinical prediction algorithm for the Musculoskeletal Infection Society minor
criteria. J Arthroplasty 2018;33:2993e6.

[4] Parvizi J, Gehrke T. International consensus group on periprosthetic joint
infection, T: definition of periprosthetic joint infection. J Arthroplasty
2014;29:1331.

[5] Parvizi J, Tan TL, Goswami K, Higuera C, Della Valle C, Chen AF, et al. The 2018
definition of periprosthetic hip and knee infection: an evidence-based and
validated criteria. J Arthroplasty 2018;33:1309e1314.e2.

[6] Ganz T, Selsted ME, Szklarek D, Harwig SS, Daher K, Bainton DF, et al.
Defensins. Natural peptide antibiotics of human neutrophils. J Clin Invest
1985;76:1427e35.

[7] Deirmengian C, Kardos K, Kilmartin P, Cameron A, Schiller K, Booth RE, et al.
The alpha-defensin test for periprosthetic joint infection outperforms the
leukocyte esterase test strip. Clin Orthop Relat Res 2015;473:198e203.

[8] Lee YS, Koo K-H, Kim HJ, Tian S, Kim T-Y, Maltenfort MG, et al. Synovial fluid
biomarkers for the diagnosis of periprosthetic joint infection: a systematic
review and meta-analysis. J Bone Joint Surg Am 2017;99:2077e84.

[9] Deirmengian C, Kardos K, Kilmartin P, Cameron A, Schiller K, Parvizi J. Diag-
nosing periprosthetic joint infection: has the era of the biomarker arrived?
Clin Orthop Relat Res 2014;472:3254e62.

[10] Wyatt MC, Beswick AD, Kunutsor SK, Wilson MJ, Whitehouse MR, Blom AW.
The alpha-defensin immunoassay and leukocyte esterase colorimetric strip
test for the diagnosis of periprosthetic infection. J Bone Joint Surg Am
2016;98:992e1000.

[11] Deirmengian C, Kardos K, Kilmartin P, Gulati S, Citrano P, Booth RE. The alpha-
defensin test for periprosthetic joint infection responds to a wide spectrum of
organisms. Clin Orthop Relat Res 2015;473:2229e35.

[12] Bonanzinga T, Zahar A, Dütsch M, Lausmann C, Kendoff D, Gehrke T. How
reliable is the alpha-defensin immunoassay test for diagnosing periprosthetic
joint infection? A prospective study. Clin Orthop Relat Res 2017;475:408e15.

[13] Bingham J, Clarke H, Spangehl M, Schwartz A, Beauchamp C, Goldberg B. The
alpha defensin-1 biomarker assay can be used to evaluate the potentially
infected total joint arthroplasty. Clin Orthop Relat Res 2014. https://doi.org/
10.1007/s11999-014-3900-7.

[14] Saleh A, Ramanathan D, Siqueira MBP, Klika AK, BarsoumWK, Rueda CAH. The
diagnostic utility of synovial fluid markers in periprosthetic joint infection: a
systematic review and meta-analysis. J Am Acad Orthop Surg 2017;25:
763e72.

[15] Frangiamore SJ, Gajewski ND, Saleh A, Farias-Kovac M, Barsoum WK,
Higuera CA. a-Defensin accuracy to diagnose periprosthetic joint infec-
tiondbest available test? J Arthroplasty 2016;31:456e60.

[16] Deirmengian C, Kardos K, Kilmartin P, Cameron AC, Schiller K, Booth RE, et al.
The alpha-defensin test for periprosthetic joint infection outperforms the
leukocyte esterase test strip. Knee Soc Proc 2014. https://doi.org/10.1007/
s11999-014-3722-7.

[17] Shahi A, Parvizi J, Kazarian GS, Higuera C, Frangiamore S, Bingham J, et al. The
alpha-defensin test for periprosthetic joint infections is not affected by prior
antibiotic administration. Clin Orthop Relat Res 2016;474:1610e5.

[18] Kelly MP, Darrith B, Hannon CP, Nam D, Courtney PM, Della Valle CJ. Synovial
fluid alpha-defensin is an adjunctive tool in the equivocal diagnosis of peri-
prosthetic joint infection. J Arthroplasty 2018. https://doi.org/10.1016/
j.arth.2018.06.026.

[19] Deirmengian C, Kardos K, Kilmartin P, Gulati S, Citrano Bs P, Booth RE. The
alpha-defensin test for periprosthetic joint infection responds to a wide
spectrum of organisms. Clin Orthop Relat Res 2015. https://doi.org/10.1007/
s11999-015-4152-x.

[20] Stone WZ, Gray CF, Parvataneni HK, Al-Rashid M, Vlasak RG, Horodyski M,
et al. Clinical evaluation of synovial alpha defensin and synovial C-reactive
protein in the diagnosis of periprosthetic joint infection. J Bone Joint Surg
2018;100:1184e90.

[21] Okroj KT, Calkins TE, Kayupov E, Kheir MM, Bingham JS, Beauchamp CP, et al.
The alpha-defensin test for diagnosing periprosthetic joint infection in the
setting of an adverse local tissue reaction secondary to a failed metal-on-
metal bearing or corrosion at the head-neck junction. J Arthroplasty
2018;33:1896e8.

[22] Adams JR, Schwartz AJ. False-negative synovial alpha-defensin. Arthroplast
Today 2017;3:239e41.

http://refhub.elsevier.com/S0883-5403(21)00076-0/sref1
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref1
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref1
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref1
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref2
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref2
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref2
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref2
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref3
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref3
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref3
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref3
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref4
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref4
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref4
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref5
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref5
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref5
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref5
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref6
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref6
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref6
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref6
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref7
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref7
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref7
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref7
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref8
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref8
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref8
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref8
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref9
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref9
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref9
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref9
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref10
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref10
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref10
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref10
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref10
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref11
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref11
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref11
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref11
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref12
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref12
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref12
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref12
https://doi.org/10.1007/s11999-014-3900-7
https://doi.org/10.1007/s11999-014-3900-7
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref14
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref14
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref14
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref14
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref14
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref15
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref15
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref15
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref15
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref15
https://doi.org/10.1007/s11999-014-3722-7
https://doi.org/10.1007/s11999-014-3722-7
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref17
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref17
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref17
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref17
https://doi.org/10.1016/j.arth.2018.06.026
https://doi.org/10.1016/j.arth.2018.06.026
https://doi.org/10.1007/s11999-015-4152-x
https://doi.org/10.1007/s11999-015-4152-x
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref20
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref20
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref20
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref20
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref20
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref21
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref21
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref21
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref21
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref21
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref21
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref22
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref22
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref22


L.T. Kleeman-Forsthuber et al. / The Journal of Arthroplasty 36 (2021) 2144e2149 2149
[23] Kamath AF, Ong KL, Lau E, Chan V, Vail TP, Rubash HE, et al. Quantifying the
burden of revision total joint arthroplasty for periprosthetic infection.
J Arthroplasty 2015;30:1492e7.

[24] Samuel LT, Sultan AA, Kheir M, Villa J, Patel P, Parvizi J, et al. Positive alpha-
defensin at reimplantation of a two-stage revision arthroplasty is not asso-
ciated with infection at 1 year. Clin Orthop Relat Res 2019. https://doi.org/
10.1097/corr.0000000000000620.

[25] Shohat N, Tan TL, Della Valle CJ, Calkins TE, George J, Higuera C, et al.
Development and validation of an evidence-based algorithm for diagnosing
periprosthetic joint infection. J Arthroplasty 2019. https://doi.org/10.1016/
j.arth.2019.06.016.

[26] Shahi A, Parvizi J, Kazarian GS, Higuera C, Frangiamore S, Bingham J, et al. The
alpha-defensin test for periprosthetic joint infections is not affected by prior
antibiotic administration. Clin Orthop Relat Res 1999;474.

[27] Shohat N, Bauer T, Buttaro M, Budhiparama N, Cashman J, Della Valle CJ, et al. Hip
andknee section,what is thedefinitionof aperiprosthetic joint infection(PJI) of the
knee and the hip? Can the same criteria be used for both joints? Proceedings of
International Consensus onOrthopedic Infections. J Arthroplasty 2019;34:S325e7.

http://refhub.elsevier.com/S0883-5403(21)00076-0/sref23
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref23
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref23
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref23
https://doi.org/10.1097/corr.0000000000000620
https://doi.org/10.1097/corr.0000000000000620
https://doi.org/10.1016/j.arth.2019.06.016
https://doi.org/10.1016/j.arth.2019.06.016
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref26
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref26
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref26
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref27
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref27
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref27
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref27
http://refhub.elsevier.com/S0883-5403(21)00076-0/sref27

	Alpha-Defensin Is Not Superior to Traditional Diagnostic Methods for Detection of Periprosthetic Joint Infection in Total H ...
	Methods
	Patient Population
	Scoring and Diagnosis
	Surgical Intervention
	Statistical Analysis

	Results
	Patient Population
	Serum Laboratory Values
	Patients With Diagnosis of “Infected”
	Patients With Diagnosis of “Possibly Infected”
	Patients With Diagnosis of “Not Infected”
	Overall Agreement Between Hospital and Synovasure Results

	Discussion
	References


