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The nature of implant-related infections is complex. Currently, there is no definitive test for periprosthetic joint
infection (PJl) and diagnosis remains chalenging despite recent developments. Failure to diagnose and investi-
gate pathologies of the hip appropriately results in delayed management and prolonged patient morbidity. A sys-
tematic approach to establishing clear diagnostic criteriafor PJI is needed to improve our ability to avoid devas:
tating outcomes associated with these infections. In the current review, we describe an agorithmic approach to
the diagnosis of PJl and current controversies surrounding novel diagnostic methods.
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OVERVIEW

Hip arthroplasty relieves pain, improves joint function,
and increases patients quality of life. However, there are
incidents of failure, necessitating revision surgery. Though
infrequent, periprosthetic joint infection (PJl) is one of the
most serious complications. Despite the rates of infection
falling to lessthan 1% to 2% of al primary total hip arthro-
plasty (THA) and less than 5% of revison THA?, the num-
ber of THA cases have increased as a result of the grow-
ing aging population??.

Diagnosis of infection after THA is challenging, often
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requiring multiple diagnostic methods. Nevertheless, due
to the insufficiency of standardized clinical and evidence-
based guidelines, the diagnosis of PJl remains difficult
despite the variety of tests available. The lack of a gold
standard makes impacts the ability to compare results
across studies and collect data enough to augment our
understanding of PJI. Therefore, when diagnosing cases
of PJI, physicians should follow a stepwise model, using
available resources within the practice or hospital. The
current study was designed to summarize an algorithmic
approach to the diagnosis of PJI and review current con-
troversies surrounding new diagnostic tests.

DEFINITION

To diagnosis PJI, aclear definition isrequired. In 2011,
the Musculoskeletal Infection Society (MSIS) and the
Infectious Diseases Society developed criteria to stan-
dardize the definition of PJI*%, resulting in improvements
in diagnostic confidence and research collaboration. In
2018, the new diagnodtic criteriawere introduced to address
the limitations of the prior definitions which represent a
consensus rather than an evidence-based agorithm®. The
2018 system including recently developed diagnostic tests
has a97.7% sendtivity and 99.5% specificity, compared with
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86.9% senditivity and 79.3% specificity of the 2011 MSIS
criterie?. While there is no universally accepted definition
of PJl, the new criteriaand introduction of novel tests have
helped to improve diagnostic accuracy (Table 1).

1. History and Physical Exam

Physicians begin avisit with a patient with amedical his-
tory and physical examination. Clinical evaluation based
on a patient’s constellation of clinical symptoms and risk
factors for infection is important to determine the most
appropriate diagnostic testing strategy. In some cases, the
diagnosis of PJl is made on physical examination alone.
In the presence of wound drainage, erythema, and swelling
about the hip associated with systemic symptoms (fever,
chills, and generalized malaise), the diagnosis of an infect-
ed THA is relatively straightforward. However, many
chronic infections are clinically difficult to distinguish from
aseptic fallure as signs of infection may be completely lack-
ing. Clinical presentation of an infected THA depends
on the virulence of the etiological agent involved, the nature
of the infected tissue, the infection acquisition route, and
the duration of disease evolution. In the absence of obvious
indicators, ahigh index of suspicion is necessary. Meticulous
evaluation of the patient’s medical and surgical history as
well as comprehensive physical examination is an impor-
tant screening tool for PJI and helps in guiding the sub-
sequent diagnostic evaluation.

2. Imaging Studies

The main imaging method used in diagnosing joint pros-
thesisinfectionsis plain radiography. Plain radiographs are
particularly useful compared to prior films. The signs that
suggest infection are a wide band of radiolucency at the
cement-bone interface (in the case of cemented prostheses)
or a the metal-bone interface (in uncemented prostheses)
which are associated with bone destruction”. However,
periprosthetic radiolucency, osteolysis, migration, or some
combination of these features may be present on radiographs
of patients with either infection or aseptic loosening of the
prosthesis. Therefore, plain radiography has low sensitiv-
ity and low specificity for detecting infection associated
with a prosthetic joint®. Bone scintigraphy with 99 mTc has
an excellent sensitivity, but its specificity to diagnose PJI
is low. Positive uptake detected by delayed-phase imaging
due to increased bone remodeling around the prosthesis
isnormally present in the first two years after implantation
and even later?. The use of magnetic resonance imaging and
computed tomography in the diagnosis of PJI are limited
given their increased cogt and low specificity. Though many
contemporary imaging studies are reporting exceptional
resultsin PJl diagnosis, the International Consensus Mesting
(ICM) on PJI' sdefinition of PJl does not include imaging
studies as part of the recommended diagnostic criteria.

Table 1. 2018 Evidence-Based Stepwise Algorithm for Diagnosis of PJI

Score Decision

Major criteria (at least one of the following)

Two positive cultures of the same organism

Sinus tract with evidence of communication to the joint or visualization of the prosthesis Infected
Minor criteria (preoperative)

Elevated CRP or D-dimer (serum) 2 >6 Infected

Elevated ESR (serum) 1

Elevated synovial WBC count or LE (synovial) 3 2-5 Possibly infected

Positive alpha-defensin (synovial) 3

Elevated synovial PMN (%) (synovial) 2 0-1 Not infected

Elevated synovial CRP (synovial) 1
Intraoperative diagnosis

Preoperative score - >6 Infected

Positive histology 3

Positive purulence 3 4-5 Inconclusive

Single positive culture 2

<3 Not infected

Data from the article of Parvizi et al. (J Arthroplasty.2018;33:1309-14.e2)*.
PJI: periprosthetic joint infection, CRP: C-reactive protein, ESR: erythrocyte sedimentation rate, WBC: white blood cell, LE:

leukocyte esterase, PMN: polymorphonuclear.
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3. Serum Markers

Theided biomarker for the diagnosis of PJI should berdli-
able and reproducible in different settings, and it should
be able to rapidly identify a PJl. Combining serological test
results can improve diagnostic accuracy, though definitive
conclusions cannot be drawn from a single diagnostic
method due to conflicting results across the literature.

4. Erythrocyte Sedimentation Rate and C-reactive
Protein

Erythrocyte sedimentation rate (ESR) and C-reactive pro-
tein (CRP) levels should be measured in joint arthroplas-
ty patients who present with pain and preoperative screen-

ing helps to identify the presence of infection. They are
the most frequently used inflammatory markers and are
determined through inexpensive, widely available, nonin-
vasive tests with rapid turnaround time in most laborato-
ries. ESR and CRP are currently recommended asfirst-line
screening tests for Pl and are part of the diagnostic cri-
teria suggested by 2013 ICM’s MSIS. The American
Academy of Orthopaedic Surgeons (AAOS) similarly
recommends using ESR and CRP as markers to diagnose
PJ®. If the ESR and CRP are not elevated, and the clin-
ician has no suspicion of PJI, then ajoint aspirate may be
unnecessary (Fig. 1). However, as diagnostic tests, CRP
and ESR tests have limitations in patients requiring reim-
plantation, those with inflammatory diseases, and during
the early postoperative period?. The CRP level usualy

Normal ESR and CRP
Clinical infection unlikely
(H, PE and XR)

History (H), physical examination
(PE), XR, Serology (ESR, CRP) — ]

Major criterion present

]

Abnormal ESR, CRP OR
High infection probability
No major criteria

)

Positive culture AND

No minor criteria present

Joint puncture

1 minor criterion OR B

]

3 or more major criteria

No fluid OR

minor criteria

Culture and no other minor criteria OR
1 or 2 minor criteria OR
Persistent clinical suspicion with no

No minor criteria present

Repeat joint puncture with
acid-fast bacilli and fungi culture

Positive culture OR
2 or more minor criteria [

No fluid OR

Culture and only one minor criteria

A

Biopsy

(gross analysis and histopathology)

_~

Negative

b
Unlikely /

infection

™~

Positive

4
\ Likely

infection

ALGORITHM AAOS MODIFIED (2013)

Fig. 1. Modified American Academy of Orthopaedic Surgeons (AAOS] algorithm.
ESR: erythrocyte sedimentation rate, CRP: C-reactive protein, XR: X-ray.
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peaks on postoperative day 2 and falls back to normal lev-
els 2 to 3 weekslater™. Additiondly, it isimportant to con-
sider that PJI can till exist in cases with normal serology
test values, especially when infection is caused by slow-
growing organisms, such as Cutibacterium acnes and coag-
ulasenegative Staphylococcus (CNS)*.

5. D-dimer

D-dimers are fibrin degradation products that form when
plasmin dissolves the fibrin clot. Multiple studies have
shown that both systemic and local infections can result
in fibrinolytic activity leading to increased D-dimer lev-
els®9, Recently, researchers have demonstrated that D-
dimer shows promise as adiagnostic serological marker in
PJl with sensitivity and specificity of 89% and 93%, respec-
tively®. D-dimer testing may be effective in diagnosing
early postoperative infection, though testing has some lim-
itations due to non-specificity, and findings that elevated
D-dimer levels can indicate the presence of an inflamma-
tory state unrelated to infection. Therefore, use of serum
D-dimer as amarker for the diagnosis of PJl still requires
more large-scale and detailed clinical trials.

6. Interleukin-6

The results of previous studies indicate that serum
Interleukin-6 (IL-6) shows promise in diagnosing PJI
after primary arthroplasty**. IL-6 is produced by mono-
cytes and macrophages to stimulate the immune response,
inducing the production of major acute phase proteins,
including CRP. Serum levels of I1L-6 peak two days after
total joint arthroplasty and rapidly return to normal, addi-
tionally I1L-6 is not elevated in patients with aseptic |oos-
ening®. Furthermore, serum |L-6 has been shown to be a
valuable and accurate marker with greater accuracy than
either ESR or the CRP levels for the detection of chronic
PJI®, Specificaly, the diagnostic odds ratio of IL-6 was
314.7, compared with only 13.1 and 7.2 for CRP and ESR,
respectively??. With anormal serum IL-6 level defined as
<10 pg/mL, the serum IL-6 test had a sensitivity of 1.0,
specificity of 0.95, positive predictive value of 0.89, neg-
ative predictive value of 1.0, and accuracy of 97%.
Limitations of the IL-6 diagnostic method in serum are
the reportedly elevated IL-6 levels in patients with chron-
ic inflammatory diseases, Paget disease and immunode-
ficiency syndromes®®.
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7. Procalcitonin

Serum procalcitonin is elevated in the presence of bacte-
rig, rising more rapidly than CRP levels and pesking with-
in very short window of 6 to 24 hours. Moreover, as aresult
of its short half-life of 25 to 30 hours, procalcitonin levels
return to normal faster than CRP?. Procalcitonin accuracy
in detecting PJI, however, seems to be exceptionally low
as the threshold of procalcitonin in patients with local
infection overlaps significantly with its normal range.
Procalcitonin has been investigated in only a small number
of patients diagnostically*®); hence, this biomarker is not
currently recommended for use in the diagnosis of PJI.

8. Synovial Markers

Recently, clinical researchers have focused on synovial
fluid biomarkers as a possible breakthrough in the com-
plex scenario PJl diagnosis. In theory, synovid fluid bio-
markers, which are obtained directly from the affected joint,
may be more accurate for diagnosis of PJl than serum bio-
markers. Synovia fluid aspiration of a knee arthroplasty is
easily performed in the office, but aspiration of a hip arthro-
plasty may require fluoroscopic or ultrasound guidance.
To obtain samples, spina needles with trocars are used for
arthrocentesis. The patient is placed supine on the fluo-
roscopy table and the needle entry point is localized with
fluoroscopy at least 2 cm latera to the femoral artery at the
level of the groin crease®. Typically, large (20-gauge) nee-
dles are used for the hip joint because it is large and deep.
A needleis advanced to the medid femora head-neck junc-
tion, which is the more dependent portion of the joint, by
using a direct orthogonal anterior-to-posterior approach.
The most frequently studied synovial fluid markers for the
diagnosis of PJl are apha-defensin, leukocyte esterase
(LE), synovid fluid CRP, IL-6, IL-8, and IL-17, al of which
have high diagnogtic utility. Since the mechanism of action
for these biomarkersis different than that of currently used
tests, these biomarkers hold great promise as a novel
approach in diagnosing PJI>.

9. Alpha-defensin

The most promising synovial fluid biomarker in terms
of sensitivity and specificity for PJl appears to be alpha-
defensin. Alpha-defensinis an antimicrobia peptide that is
secreted by human neutrophilsin response to the presence
of pathogens®™. Alpha-defensin can be detected by the lab-
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oratory-based apha defensin enzyme-linked immunosor-
bent assay (ELISA) or using an apha-defensin test kit.
A recent meta-analysis of 42 articles suggests that the
ELISA assay performs better than the lateral flow test®.
Sensitivity of the apha-defensin immunoassay has been
reported to be 97% (95% confidence interval [Cl], 92-99%),
specificity as 97% (95% Cl, 92-99%), positive predictive
value as 88% (95% Cl, 81-92%), and negative predictive
value as 99% (95% ClI, 96-99%)>. Lateral flow devices
are a easily used aternative that enable the detection of
alpha-defensin in synovial fluid ‘in situ’, even intraoper-
atively. The results of the lateral flow test are availablein
ten minutes, making it markedly quicker than the ELISA
test, which gives a numeric readout within 24 hours. The
lateral flow test was recently approved in the United States
and commercialized specifically for the purpose of diag-
nosing PJI after THA or TKA.

Although alpha-defensin has higher sensitivity and speci-
ficity than other synovial fluid markers, some authors® rec-
ommend against the routine use of alpha-defensin and sug-
gest using it only when traditiona testing is indeterminate,
asthe laboratory-based synovial apha-defensin immunoas-
say does not help diagnose or rule out a PJI when added
to routine serologies and synovial fluid analyses.

10. Leukocyte Esterase

LE isan enzyme produced by activated neutrophils at the
ste of infection. Detection of LE has traditionally been used
to help diagnose the presence of urinary tract infections™.
The LE present in synovial fluid is detected by inexpensive
colorimetric strip tests through reactions, which produce an
instant and easily readable color change. Though alpha-
defensin may be more sensitive in diagnosing PJl, it is sub-
stantially more expensive (US$760 per test) than the LE
strip (US$0.17 per test). This inexpensive and rapid test
has 93.3% senditivity and 77.0% specificity for diagnosing
PJl when compared with microbiology culture®. The use
of the LE test has recently been validated and adopted as
aminor criterion in the definition of PJl according to the
International Consensus Group®. According to recent mete-
anadysis®, limitations to using the LE strip include the lack
of aclear cutoff value and reduced specificity as many fac-
torsincluding blood can greatly influence the colorimetric
result. A smple solution to this problem isthe use of a cen-
trifuge for blood contaminated joint aspirations which does
not alter the accuracy of the LE test®.

www. hipandpelvis.or.kr

11. Histopathological Examination

Intraoperative frozen sections of periprosthetic tissues
should be considered a standard procedure in the diagnosis
of PJI. The presence of a polymorphonuclear neutrophil
(PMN) infiltrate in periprosthetic tissues has been shown
to corrdae closdly with the diagnosis of septic implant fail-
ure. The histological criterion considered by the MSISin
diagnosis of PJl is“greater than five neutrophils per high-
power field in five high-power fields observed from his-
tologic analysis of periprosthetic tissue at x 400 magni-
fication.”®. However, criteria for diagnosing infection
based on frozen sections of implant membranes has not
been standardized, and there is insufficient information
to distinguish five from ten neutrophils per high-power
field as the best threshold needed for diagnosis.
Recently, results of immunohistochemistry and histo-
chemistry studies have suggested that the cutoff point of
five PMNs in five high-power fields is too high for the
diagnosis of many PJl cases such as infections due to
CNS®. Of note, in performing a histopathologic analy-
sis, samples should be obtained using sharp dissection
rather than cautery to limit and avoid false-positive
results™.

12. Tissue Biopsy and Culture

In cases of negative synovid fluid cultureswith high remain-
ing clinical suspicion, tissue sampling with cultures can be
used as an dternative. Intra-opertive cultures have the great-
et rdiahility inidentifying an infecting organism given the
technology available to most surgeons today. As a general
rule, three to five intra-operative tissue samples should be
submitted for culture. Culturing of multiple tissue samples
follows strong recommendations by the AAOS clinicd prac-
tice guidelines®. Prolonging culture incubation duration is
one method that can be implemented to improve culture
yield. In the mgjority of studies, the incubation period was
in the order of 5 days for aerobic cultures and 14 days for
anaerobic cultures®. Culture-negative (CN) infections are
associated with increased diagnostic uncertainty. Unfortunately,
the sengitivity of tissue culturesis low, ranging from 65%
to 94%®. The pathogenesis of CN-PJl isthought to be due
to fungal and mycabacterial infections in over 85% of al
cases™. On the contrary, the growth of low-virulence organ-
isms, such as Saphylococcus epidermidis, Corynebacterium
sp., or Propionibacterum sp. must be taken into considera-
tion to avoid false positives®.
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13. Molecular Diagnostic Methods

Exploring molecular technology such as multiplex poly-
merase chain reaction to improve diagnostic accuracy the-
oreticaly appears promising. Novel tests continue to be
developed to assist in diagnostic accuracy, however high-
level evidence asto therr utility is il lacking. Additionaly,
next-generation sequencing did not provide superior sen-
sitivity or specificity results when compared to culture®.
Therefore, inits current state, molecular testing is not reli-
able and has little utility as a standalone test for PJI diag-
nosis given its low sensitivity. Moreover, the cost-effec-
tiveness of molecular testing remains undetermined.

14. Algorithm for the Diagnosis of Periprosthetic
Joint Infection

A combination of laboratory, imaging studies, histopathal-
ogy, and microbiology is necessary for the most accurate
diagnosis of PJI. The ICM-2013 proposed modifications
in the algorithm presented by the AAOS, which guidesthe
indication and interpretation of the tests to be performed for
theidentification of PJl (Fig. 1). Minor criteriaincluded cul-
ture, LE, synovial white blood cdll count, and synovia neu-
trophil percentage.

CONCLUSION

PJl is adevadtating complication of hip arthroplasty surgery,
often associated with prolonged antibiotic treetment, lengthy
hospital stays, late aseptic loosening and poor functional
outcome. Preoperative diagnosis of PJl isimportant given
the therapeutic consequences. However, diagnosis of PJl
remains challenging due to the clinical symptoms and
unclear elevations of systemic biomarkers. Special atten-
tion should be given to emerging novel serum and synovid
biomarkers that will likely play an important role in the
screening for PJl in the near future. Research and develop-
ment of new diagnostic methods with more accuracy, sm-
plicity, and convenience will help improve our ability to
diagnose PJl easily and avoid possible devastating out-
COmes.
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