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ORIGINAL STUDY

The alpha defensin lateral flow test is effective in predicting eradication of
periprosthetic joint infection after surgical debridement

Lucy C. WALKER, Nick D. CLEMENT, Munawar Hasuwmi, Stephen GREeN, Lee LoNGSTAFF, David J. DEEHAN

From the Foundation Trust, Freeman Hospital, Newcastle-upon-Tyne, UK

The primary aim of this study was to assess the
utility of the alpha defensin lateral flow (ADLF) test
for predicting the eradication of PJI after surgical
debridement. The secondary aim was to describe
the reliability of ADLF test in diagnosis of PJI intra-
operatively. A prospective observational study was
conducted in three independent orthopaedic centres.
Twenty-two patients undergoing revision surgery
(debridement, antibiotics and implant retention
(DAIR), single or two-stage revision) for PJI were
recruited, 13 female and 9 male with an average age of
64 years. Samples were collected intra-operatively at
the start of the first surgical procedure and then at the
completion of debridement or prior to reimplantation
depending on the operation performed. These
samples were tested using ADLF and then sent for
microbiological analysis. The ADLF result was then
compared to the corresponding culture result in order
to determine the diagnostic predictive accuracy. The
reliability of ADLF test to predict eradication of
infection after debridement of PJI was excellent for
specificity and positive predictive value (PPV) of
which both where 100%, but had a poor sensitivity
(14.3%) and negative predictive value (NPV) (62.5%).
The reliability of ADLF test to predict PJI was poor
with only a 50% sensitivity and specificity. The ADLF
test has a high specificity and PPV for diagnosing
eradication of infection after debridement. In contrast
the ADLF testing appears to have poor diagnostic
accuracy for PJI when used on intra-operative
samples, prior to surgical intervention.
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INTRODUCTION

Periprosthetic joint infection (PJI) is the second
most common complication of joint arthroplasty (7).
Early diagnosis of an acute infection may be treated
with thorough irrigation and debridement of the
infected prosthesis followed by tailored antibiotic
therapy (debridement, antibiotics and implant
retention - DAIR procedure) with the original
metal implants remaining in situ thereby potentially
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avoiding the overt risks of bone destruction or loss,
nerve or vessel injury and soft tissue compromise
(2). It is known that infecting organisms can form
a biofilm within the first two weeks of infective
symptoms (3) and multiple authors argue that the
presence of a biofilm mandates complete com-
ponent exchange (2). Single stage, two in one
revision arthroplasty has key proponents but should
be reserved for cases where a sensitive organism has
been identified (4). The gold standard remains two-
stage revision with temporary use of an antibiotic-
loaded cement spacer and adjuvant antibiotic
therapy (4). Re-implantation should be performed
after confirmation of absence of residual infection.
However, no single test is absolutely specific hence
reliance of a number of serological markers over
time.

It is agreed that the culture of aspirate or tissue
biopsy offers the best chance of confirming
absence of residual infection with no one single
test performed being definitive (5,6). Culture results
are considered essential as they not only provide a
diagnosis but also identify the specific responsible
organisms which allows for sensitivity testing
and a tailored antimicrobial treatment plan ().
However, the reliability of culture results is variable
(7) and the time required to finalise culture results
combined with their modest accuracy has prompted
investigators to develop and define more rapid and
reliable synovial fluid analyses for diagnosing PJI
(8).

Alpha defensin is an antimicrobial peptide,
which is released in the synovial fluid by poly-
morphonuclear cells in response to bacterial
pathogens (9). A synovial fluid a-defensin test has
been specifically developed to aid the diagnosis of
PJI (10) and an alpha defensin lateral flow (ADLF)
test, Synovasure®, has also been developed to allow
for in-theatre results (11). However, its application in
clinical use is limited by the fact that it does not
identify a causative organism (72).

Whilst identification of the causative organism
is invaluable at the time of initial diagnosis, the
surgical decision making process is binary when it
comes to timing of re-implantation. Hence use of a
test or marker of infection which can be performed
immediately could be invaluable if reliable and
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sensitive. When culture samples are taken prior
to proceeding with a second stage revision re-
implantation they have been shown to have poor
sensitivity (73). The reported high rates of false
negatives is felt to be due to persistent antibiotic
elution from the cement spacer (73). However, alpha
defensin levels have previously been shown not
to be influenced by concurrent or recent antibiotic
administration (74). The ADLF test can offer intra-
operative results and can be performed during the
pre-implantation / further debridement phase.

The primary aim of this study was to assess the
utility of the ADLF test for predicting the eradication
of PJI after surgical debridement. The null hypo-
thesis was that ADLF test was a poor predictor of
eradication of PJI after surgical debridement. The
secondary aim was to describe the reliability of
ADLF test in diagnosis of PJI intra-operatively.

MATERIALS AND METHODS

This was a prospective observational study
investigating the use of the ADLF test in revision
surgery for PJI of either hip or knee arthroplasty.
Intra-articular synovial fluid samples taken at the
start of the surgical procedure (DAIR, single or two
stage revision), and at the completion of the chosen
surgical intervention (at the end of debridement
in DAIR procedures or prior to re-implantation if
single or two stage revision) were compared to the
chosen gold standard of the culture results from
synovial fluid and tissue samples taken at the same
time points. Patient recruitment was carried out
within the orthopaedic department of three centres.

The cohort of patients included all patients
undergoing surgical treatment for PJI of hip or
knee arthroplasty. The diagnosis of PJI was defined
as either a culture positive pre-operative joint
aspiration or the clinical diagnosis made by the
treating team if an aspiration had not been obtained
or in instances of a ‘dry’ aspirate.

Figure 1 shows the experimental protocol path-
way. All ADLF testing was performed under
the supervision of the lead researcher as per the
instruction leaflet published by ZimmerBiomet,
the manufacturers of the product (75). For patients
undergoing a DAIR or single stage revision surgery
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Fig. 1. — Flow diagram of experimental protocol

an aspirate of synovial joint fluid was taken prior
to the capsulotomy. The joint aspirate was split by
the scrub nurse, half was sent for culture and half
was handed out, tested in theatre using an ADLF
testing kit and the result recorded. Figure 2 shows
the appearance of an ADLF test kit for both a
positive and negative result. Multiple other tissue
sample were then taken intra-operatively as per
recommended practice (4) and sent for culturing. For
a DAIR procedure a second joint fluid sample was
taken after the operating surgeon was satisfied that
the washout and debridement was complete. For a
single stage revision the second fluid sample was
taken once explantation, washout and debridement
was complete, just prior to commencing with re-
implantation. The second fluid sample was also
split, half sent for culture, half tested in theatre with
an ADLF test kit and the result recorded.

For patients undergoing a two stage revision
surgery, the first synovial fluid sample was taken

Valid positive test

Valid negative test

Synovasure
Dafensin

Control line (C)
confirmed that
the test is valid

Test line (T)
highlighted
when test
positive

Fig. 2. — Synovasure test kits

at the start of the first stage revision surgery prior
to the capsulotomy using the same technique as
the DAIR and single stage cases. The second
sample was then taken at the start of the second
stage revision procedure, prior to the capsulotomy.
Further intra-operative samples were also routinely
taken and sent for culture during both the first and
second stage surgeries.

Medical records, operation notes, haematological,
microbiological and radiological results were also
reviewed for each patient to collect data on patient
demographics, medical and orthopaedic history, PJI
presenting history, inflammatory markers including
white cell count (WCC), C-reactive protein (CRP)
and erythrocyte sedimentation rate (ESR), date of
aspiration and final culture result, date and details
of surgical management, antibiotic administration
(pre, intra and post-operatively) and culture results
of intra-operative samples. Patients with diabetes,
peripheral vascular disease, rheumatological con-
ditions, vascular disease, renal failure, hepatic
failure and/or chronic pulmonary disease were
defined as having a medical history ‘at risk of PJI’
(16).

The ADLF test results were then compared with
the corresponding final culture results to determine
the accuracy of the ADLF test kits at differentiating
between a septic and aseptic joint both at the start
and completion of revision surgery for PJI.

One way ANOVA was used to compare linear
variables between operation groups. Dichotomous
variables were assessed using a Chi square test.
Simple descriptive statistics were undertaken to
calculate the sensitivity, specificity, positive pre-
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dictive value and negative predictive value for
predictors of PJI.

Health Research Authority (IRAS number
237090) and Research Ethics Committee approval
(18/NE/0063) was obtained for the current study.
Each patient provided written consent for their
participation in the study, including the testing
of synovial fluid samples and the review of their
medical notes and test results. The study was
registered with the lead centre’s Research and
Development department (registration number
08581).

RESULTS

The final cohort was compiled of 22 patients with
a mean age of 64 years (range 30-92). 13 patients
were female and 9 were male. Twelve (54.5%)
patients had a medical history that increased
their risk of PJI. Seventeen (77.3%) patients had
revision surgery on a knee prosthesis and five had
hip prostheses. Seven (31.8%) patients were acute
presentations of PJI, the remaining 15 patients had
chronic PJI. The mean time between presentation
and first surgery was 306 days (range 3-1116 days).
The average time between the 1* and 2™ surgery was
52 days (range 0-273 days), this was calculated for
19 patients as 3 patients had a first stage revision
surgery but did not proceed to a second stage
surgery.

Six patients had a DAIR procedure, five had
single stage (two in one) revision surgery and eleven
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Fig. 3. — Comparison of ADLF test results and
1**and 2™ stages

patients underwent two stage revision surgery. Table
1 shows the patient demographics as per surgery
type. There was no statistically significant difference
between the three groups for age, sex, PMH or joint
type. There was a statistically significant difference
between the operation types for type of PJI (acute
vs chronic), the time between presentation and 1+
surgery as well as time between the 1* and 2" stages
of surgery.

Figure 3 shows the ADLF results at the 1* and
2™ sampling in comparison to the gold standard
of the comparable culture results. Table 2 shows
the sensitivity, specificity, PPV and NPV for
ADLF testing at the 1% and 2™ stages, using the
corresponding sample culture results as the gold
standard.

Five patients did not have ADLF or culture
testing at the second sampling i.e. after debridement
+/- explantation, so these patients were excluded
from the subsequent analysis.

Table 1. — Demographics as per operation type

DAIR Single stage revision | Two stage revision | Statistical difference (One
N=6 N=5 N=11 way ANOVA*,
Chi-squared test**)
Age mean (years) 72 54 64 0.08*
Sex (M:F ratio) 4:2 2:3 3:8 0.29%*
At risk PMH 33.3% 60% 45.5% 0.68%*
Joint type (Hip:Knee ratio) 1:5 2:3 2:9 0.58**
Acute:chronic PJI ratio 5:1 1:4 1:10 0.006**
Time between presentation and 1* 557 100 536 0.01%
surgery (days)
Time between 1* and 2™ surgery (days) 0 0 123 (N=8) 0.0002*
Significant values shown in BOLD.
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Table 2. — Diagnostic accuracy of ADLF testing
at 1* and 2" stage sampling

Sensitivity | Specificity | PPV NPV
DAIR
1 sample | 666% 0% | 100% | 0%
Single st
Toample | 666% | 100% | 100% | 66.6%
Two stage o ) . .
P sampte | 20% 0% | 333% | 0%
Total
prsample | 50% 0% | 77.8% | 22.2%
DAIR
2osample | % | 100% | 100% | 75%
Single stage 5 o . .
smple | 0% 100% | 0% | 100%
Two stage ) . ) .
2 sample | 0% 100% | 0% | 37.5%
Total
rwsample | 143% | 100% | 100% | 62.5%

For the ADLF testing at the 2™ stage sampling
5.9% (N=1) were true positives and 58.8% (N=10)
were true negatives, there were no false positive
and 35.5% (N=6) were false negative. Using ADLF
testing to predict eradication of infection following
surgical intervention had 100% specificity and PPV,
14.3% sensitivity and 62.5% NPV.

Four patients had not had ADLF testing at the
first sampling i.e. intra-operatively prior to surgical
intervention, so these patients were excluded from
the subsequent analysis.

For the ADLF testing at the 1* stage sampling
38.9% of samples (N=7) had a true positive result,
11.1% (N=2) were true negative compared to
11.1% (N=2) false positives and 38.9% (N=7)
false negatives. ADLF testing of intra-operative
samples used to predict PJI had 50% sensitivity and
specificity, 77.8% PPV and 22.2% NPV.

DISCUSSION

This prospective analysis supports the hypothesis
that alpha defensin in-theatre lateral flow test, is
most useful in terms of specificity, PPV and NPV
when utilised at the end of the surgical debridement
to confirm absence of residual infection.

There are key limitations of this work. Numbers in
this cohort were small and the overall cohort number
was reduced further for some analyses as four of
the two stage revision patients had not had ADLF
testing at their first stage as they were recruited after
this point and five patients who had had first stage
testing did not proceed to a second stage revision.
However, the investigation was run as a pilot study
with the aim of leading to a larger cohort study if
the initial results indicated the ADLF could have
a role in PJI revision arthroplasty surgery. The
current study also experienced difficulty obtaining
the second fluid samples following the debridement
and washout of the DAIR and single stage revision
procedures, due to small volumes of fluid being
present following the initial debridement. Data
from the National Joint Registry recorded from
2004 to 2014 on revision procedures performed as
a consequence of PJI has shown that the percentage
of patients having DAIR or single stage revision
surgeries has increased from 0.4% to 7.6% and from
18.1% to 29.7% respectively (17) so investigating
the use of ADLF in these procedures was felt to
be increasingly applicable to current orthopaedic
practice.

The current study reported ADLF at first sampling
to have a sensitivity lower than that previously
reported by Kasparek et al.(78) however, these
workers used the Musculoskeletal Infection Society
(MSIS) criteria (4) as their standard for comparison
which could partly explain the discrepancy between
the reported sensitivity rates in the current study. The
MSIS criteria (79) was not used as the gold standard
in the current study as the majority of patients did
not have all investigations completed to use this
criteria. Concerns about the practicality of applying
the MSIS criteria to routine clinical use, including
cost and time implications, have previously been
raised (20).

Renz et al. (21) reported a lower rate of sensitivity
compared to previous reports (17,18). This was
attributed to the inclusion of chronic PJI cases (21).
A further reason for the inferior sensitivity rates of
the current study could be the use of intra-operative
samples for ADLF testing. Balato et al. (22) reported
superior sensitivity rates in cases of chronic PJI of
the knee however, they used pre-operative aspirate
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samples as well as excluding patients that had
received antibiotics during the preceding two weeks
and they used the MSIS criteria as a standard for
comparison, rather than the final culture results.

The use of ADLF in revision surgery for PJI
has been previously investigated (77,23) and high
rates of specificity have been reported consistent
with the findings of the current study. The review
of second stage sampling performed in the current
study reported inferior rates of sensitivity compared
to Sigmund et al. (23) and Berger et al. (77) This
could partly be explained by the inclusion of
patients with cement spacers and testing of samples
taken following the implantation of spacers had a
sensitivity of 0%, however this is not consistent
with the previously reported findings by Shahi et
al. (14) that alpha defensin levels are not effected
by antibiotic administration. The poor sensitivity
reported by the current study concurs with the
recent work from Scholten et al. (24) which assessed
the diagnostic accuracy of ADLF testing when used
intra-operatively rather than with a pre-operative
aspirate.

In this work ADLF used at the end of the surgical
treatment for PJI had high specificity and PPV. Given
that at this stage the sole clinical focus is on exclusion
of residual infection following presumptive eradi-
cation then high indices of reliability support
the role of this binary test in the decision making
process prior to re-implantation. However, the
current study did have incidences of culture positive
second sampling, including five two stage revision
patients having culture positive samples, but ADLF
negative tests, at the reimplantation stage. It has been
reported that positive cultures may still be present in
up to 20% of hip and knee PJI cases undergoing two
stage revision procedure at the second stage (25).
Furthermore, 63% of them may develop infection
again over time (25). Therefore, a test with high rates
of both sensitivity and specificity may be required at
the second stage rather than just a test of exclusion.

CONCLUSION

This current work found a high rate of specificity
and PPV for the use of ADLF at the second stage

Acta Orthopeedica Belgica, Vol. 87 - 3 - 2021

of surgical treatment for PJI indicating that it may
have potential use as a test of exclusion.
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