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Abstract Periprosthetic joint infection (PJl) has devastating consequences on joint function and
the morbidity and mortality rate of patients who are victims of this serious complica-
tion. Although early diagnosis is one of the consensuses with well-established impor-

Keywords tance, routine workup is still conducted on an empirical, inconsistent, and nonobjective

= hip prosthesis

= biomarkers

= microbiology
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basis in many centers around the world. The present article seeks to contextualize the
current state of knowledge about the early diagnosis of P|ls, as well as to discuss the
advances and perspectives, within a scenario of its routine use by the healthcare team
responsible for managing this dreaded complication.

Resumo Ainfeccao articular periprotética (IAP) tem consequéncias devastadoras sobre a funcao
articular e sobre a taxa de morbimortalidade dos pacientes vitimados por esta grave
complicacao. Ainda que o diagndstico precoce seja um dos consensos com importancia
bem estabelecida, as rotinas de investigacdo sdo ainda conduzidas de forma empirica,
inconsistente e pouco objetiva em muitos centros de todo o mundo. O presente artigo
busca contextualizar a situagdo atual dos conhecimentos sobre o diagndstico precoce
das infeccoes articulares periprotéticas, assim como discutir os avancos e perspectivas,
dentro de um cenario de sua aplicabilidade rotineira pela equipe médica responsavel

pelo manejo desta temida complicacao.
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nent joint functional deficits or even be life-threatening in
more extreme situations. Although its incidence is progres-

Introduction

Periprosthetic joint infection (PJI) is one of the most feared
complications of total hip replacement (THR), both by sur-
geons and patients, since its occurrence can result in perma-
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sively reducing, from a rate of up to 10%, in the 1960s," to 0,5-
2%, in the current days, there is a growing increase in the
absolute number of PJIs resulting from the higher demand for
hip arthroplasty procedures, to the point in which PJI has
become one of the 3 most frequent causes of revision THR
surgeries in many centers.?

Although significant advances have been achieved in
antibiotic prophylaxis and in increased knowledge of the

Copyright © 2019 by Sociedade Brasileira License terms
de Ortopedia e Traumatologia. Published
by Thieme Revnter Publicacbes Ltda, Rio @ ® @ @

de Janeiro, Brazil


https://orcid.org/0000-0003-1813-7171
mailto:marcelin@com4.com.br
https://orcid.org/0000-0003-1813-7171
https://doi.org/10.1055/s-0039-1693138
https://doi.org/10.1055/s-0039-1693138

Early Diagnosis of Periprosthetic Joint Infection of the Hip Gomes et al.

risk factors, of the pathophysiology, and of the role of
biofilms in PJls, the evidence is not yet shared in a consensual
way in different parts of the world, or even in different
regions of the same country. However, therapeutic contro-
versies aside, there is a strong consensus regarding the
absolute requirement for an early diagnosis.

Early diagnosis and intervention may mitigate the need
for numerous repeated procedures, reduce functional
sequelae, and, most notably, contribute to lower morbidity
and mortality rates. Due to the absence of a single, gold
standard test for the diagnosis of PJI, clinical findings, imag-
ing, and combinations of various blood, synovial fluid (SF),
and periprosthetic tissues biomarkers, as well as biomarkers
from fluids obtained through the sonication of explants, and,
more recently, genetic sequencing results, are considered.>
However, the principles of early diagnosis are not applied
consistently, uniformly, and objectively in several centers,
thus contributing to an unacceptable failure of the therapeu-
tic procedures performed subsequently.

The present paper aims to evaluate the current state of the
knowledge regarding early PJI diagnosis, as well as to discuss
the advances and perspectives, within a scenario of routine
applicability, by the medical team responsible for managing
this serious complication.

Definition of Periprosthetic Joint Infection

Although widely investigated today, there is still no universally
accepted standard for the definition of Pl and, therefore, for its
diagnosis (=Table 1). This is a very relevant aspect, since it can
influence the early identification and the reported prevalence
of PJI, as well as make it difficult to interpret and to compare
findings from different clinical researches.

Table 1 Periprosthetic Joint Infection (PJI) Diagnostic Criteria

Berbari et al* established the occurrence of cutaneous fistula
with the prosthetic joint and/or the presence of two positive
cultures with the identification of identical microorganisms
(MOs), either in the SF or in the periprosthetic tissue, as
definitive (major) criteria for the diagnosis and/or the presence
ofan acute inflammatory process in the periprosthetic tissue, as
well as the observation of accumulation of periprosthetic pus.
Although the accumulation of periprosthetic pus is considered
a major criterion for the diagnosis of Pl in the previous version
of the Musculoskeletal Infection Society (MSIS) document,” as
well as by the Infectious Diseases Society of America (IDSA),°
more recently, the International Consensus on Periprosthetic
Joint Infections (CIAP-2013)’ does not recognize this finding
either as a major criterion or even as a minor diagnostic
criterion. In fact, accumulation of periprosthetic pus can be
observed in other noninfectious hip arthroplasty complica-
tions, such as in adverse local tissue reactions (ALTR), whether
as an osteolysis reaction to polyethylene particles (~Fig. 1) or
to metallic particles from the metal-on-metal prosthesis
surface. Nevertheless, this finding has been reconsidered by
many experts as a minor criterion to be evaluated.

The most common definition currently used is the one
proposed by the CIAP-2013,” according to which joint fistula
or two positive cultures with phenotypically identical MOs
are considered as major criteria, that is, sufficient by them-
selves to define and diagnose PJI. On the other hand, there
must be at least three of the following minor criteria:

* Erythrocyte sedimentation rate (ESR) > 30 mm for chronic
infections, and C-reactive protein (CRP) level > 10 mg/L for
chronic infections or > 100 mg/L for acute infections;

* Leukocytesinthe SF > 3,000/uL orleukocyte esterase +/-++

* Percentage of neutrophils in the SF > 80%

Diagnostic Criteria Berbari et al Musculoskeletal Infectious Diseases International

(1998)* Infection Society Societ¥ of America Consensus on
(MmsIS)® (IDSA) Periprosthetic Joint
Infection (I ICM)’

Major Minor Major Minor Major Minor Major Minor
criteria criteria criteria criteria criteria criteria criteria criteria

Joint sinus tract X X X X

> 2 positive cultures X X X X

from SF and/or PPT

(identical MO)

Periprosthetic X X X

pus accumulation

Increased ESR and X X

CRP in blood

Leukocytosis in SF X

Neutrophilia in SF X X

Histology: PPT X X X

inflammation

Single positive X X X

culture (SF or PPT)

Abbreviations: CRP, Greactive protein; ESR, erythrocyte sedimentation rate; MO, microorganism; PPT, periprosthetic tissue; SF, synovial fluid.
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Fig. 1 Asymptomatic patient submitted to total hip arthroplasty 4 years ago. Radiographically we observe the excessive wear of the
polyethylene, not compatible with the period of service of the implants. (Fig 1. A-C). We performed revision surgery despite the absence of
clinical manifestations or tests indicative of infection. Preoperative tests: ESR = 19mm, CRP = 29.2 mg/L, dimer D = 530 ng/mL Intraoperative
aspiration of the hip revealed an abundant amount of purulent-looking liquid. (Fig. 1-D ) We could not observe any signs of infected
periprosthetic tissues, acetabular loosening or third body abrasion. (Fig. 1-E ) Large area of osteolysis was observed in the posteromedial region
of the proximal femur, which extended to the trochanteric region. After curetting the whitish and friable tissue, an extensive area of bone loss
could be seen in the proximal femur. (Fig. 1-F ) Intraoperative tests: Leukocyte esterase: +; Synovial leukocytes: 52,800; % Neutrophils: 50%. All
cultures of periprosthetic tissue and 1 culture of synovial fluid (in blood culture medium) were negative after 8 days of incubation. Up to

18 months postoperatively, the patient was asymptomatic and without any changes in the serum markers for infection.

* Histology of the periprosthetic tissue with more than 5
neutrophils in at least 5 fields at a magnification of 400x
» A positive culture

Regarding the minor criteria, considering the current
efforts to search for more sensitive and specific tests, it has
not yet been possible to establish a gold standard. Thus, the
clinical findings, as well as several different serum or SF
markers have been proposed for the diagnosis of PJI. A first
factor that may interfere with the results from these criteria
is related to the clinical presentation and time of onset of PJ1.2
This aspect highlights the importance of the classification of
periprosthetic infection in the process of early diagnosis.

Classification of Periprosthetic Joint
Infection

Despite the numerous classifications described in the litera-
ture since the initial proposal by Coventry,® the Tsukayama
classification'®'" is the most frequently used in clinical
research. This classification adds to the presentation (acute
or chronic) the period of development of symptoms after the
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initial surgery (early or late), and it recognizes not only the
mode of infestation by distant foci (hematogenic or endoge-
nous) or by perioperative MO inoculation (exogenous), but
also infections diagnosed by positive cultures from SF or from
periprosthetic tissues in revision surgeries in patients with
presumably aseptic arthroplasty failure (~Table 2). However,
there are controversies as to the time interval for the definition
of prosthetic infections. Zimmerli et al'? proposed a classifi-
cation considering the early type, such as during the 1°
3 months after surgery, a delayed type, between 3 months
and 2 years, and a late type, 2 years after the index procedure.
The authors argue that this distinction correlates with impor-
tant differences observed in the etiological agent, since more
virulent microbes, such as Staphylococcus aureus, tend to
cause earlier infections, whereas more indolent or fastidious
agents, such as coagulase-negative Staphylococci or Cutibac-
terium acnes, account for delayed infections.

However, it is worth noting, that the Tsukayama classifica-
tion fulfills several requirements for an adequate evaluation of
the most important information for the characterization of PJI.
At the same time, the 4-week limit for early acute infections
delimits a postoperative recovery period in which wound
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Table 2 Classification according to Tsukayama et al (2003)11

start after
baseline surgery

period

Infection I. Positive II. Early lll. Acute IV. Late chronic

type/features intraoperative postoperative hematogenic infection
culture infection infection

Symptoms . Up to 4 weeks After an asymptomatic | After 4 weeks

Mechanism

Exogenous

Hematogenic

Exogenous or
hematogenic

Most common
etiological agent

Coagulase-negative
Staphylococci
(epidermidis)

Staphylococci
(Coagulase-positive
and negative),
Gram-negative Bacilli

Coagulase-positive
Staphylococci +,
Streptococci

Staphylococci (Coagulase-positive
and negative),
Gram-negative Bacilli

Clinical
presentation

Painful
arthroplasty

Fever, inflammatory
signs, persistent

Fever, inflammatory
signs, no sinus tract

Fever, sinus tract,
drainage, pus accumulation,

drainage, no
sinus tract

local edema

healing and functional performance are still in progress, CRP
levels approach baseline values, and there is no consolidation
yet of the biofilm formation process for a possible infection. In
addition, the cutoff values for blood and synovial biomarkers
during the 1% 4 weeks are different from subsequent cutoff
levels. In this circumstance, more conservative treatment
measures, such as retention of prosthetic implants, may be
warranted. On the other hand, the development of infectious
signs and symptoms after 4 weeks demonstrates the character
of exogenous postoperative infections at a time in which
functional rescue and the healing of soft parts should have
already happened, while the necessary time has elapsed for
complete biofilm establishment and maturation. As such,
more radical therapeutic measures must be carried out. If
we consider that the characterization of a hematogenous
infection requires an asymptomatic postoperative period,
the 4-week period is also enough to indicate if the recovery
was adequate or not. Moreover, the clinical picture is different
in acute or chronic patients, with different clinical presenta-
tions and marked quantitative differences in blood, SF, and
periprosthetic tissues biomarkers.

Clinical Diagnosis of Periprosthetic Joint
Infection (Signs and Symptoms)

Since there is no gold standard for the diagnosis of PJI, the
clinical practice is based on guidelines and on consensuses
using the clinical picture and blood or SF biomarkers
(less invasive technique), periprosthetic tissue histology, and
bacteriology to identify the etiological agent in the SF or in the
periprosthetic tissue by pre- or intraoperative cultures, or even
by molecular techniques. Thus, within the diagnostic context of
PJI, the clinical practice has two different dimensions. The
diagnosis of infection implies recognizing a syndromic picture
of prosthetic infection that allows its differentiation from other
causes of painful THR. that is, the differentiation of septic and
aseptic causes, which allows for an earlier intervention. To do
so, clinical information, biomarkers, and images are used. On
the other hand, the diagnosis of prosthetic infection implies the

recognition of the etiological agent or agents by periprosthetic
fluid and tissue cultures and, more recently, by molecular
techniques. The knowledge of the etiological agent will influ-
ence the decision-making process regarding the most effective
treatment. Thus, a more detailed investigation that leads to the
etiological diagnosis should follow the syndromic diagnosis.

Clinical information often presents low sensitivity and/or
specificity for the diagnosis of PJI, especially when analyzed
within a broader context, in which the period and presentation
of the infectious condition are not considered. To facilitate the
identification and the nature of the main signs and symptoms
possibly indicating a septic origin for the prosthetic recon-
struction defect, the following criteria were standardized:
pain, fever, periprosthetic inflammation (joint effusion,
edema, local heat, hyperemia), superficial disturbances of
the surgical site (persistent nonpurulent drainage, delayed
healing, or superficial and localized dehiscence of the surgical
wound), or deep soft tissue involvement (cutaneous fistula
involving the joint, suppuration or accumulation of pus,
abscess, or extensive necrosis), and functional joint disorders
in the form of stiffness or reduced range of motion."3

Using this standardization of signs and symptoms, we
performed recently a systematic review of the literature on
the clinical findings of PJI, including 4,128 infected arthro-
plastic procedures.'”> We observed that pain is the most
sensitive symptom, but with a low specificity for the clinical
picture of PJI (~Table 3). Considering all types of P]I, pain alone
has a predominant incidence, whereas early postoperative
infection has a clinical picture characterized mainly by pain,
superficial surgical site disturbances, periarticular inflamma-
tory signs, and involvement of deeper planes. Fever has a lower
incidence in this type of PJI, because hyperthermia is common
during the 1°* 5 postoperative days, even though there is no
underlying infectious process; it is, therefore, a manifestation
of the response to the surgical trauma.'* Joint functional
disorders are underreported in the literature, which hampered
its evaluation.

Acute hematogenous infection, which begins after an
asymptomatic period of prosthetic reconstruction, presents
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mainly with severe pain, fever, and periarticular inflammatory
signs. Concurrent bacteremia accounts for systemic signs/
symptoms of infection.

On the other hand, in late chronic infections, pain is the main
symptom, accompanied by periarticular soft tissue disorders
and joint dysfunction. It is not uncommon that painful arthro-
plasty, with no other marked manifestations, is the only
indication of late chronic PJI caused by low virulence agents.
This picture can be seen when positive intraoperative cultures
are obtained in revision surgeries due to clinical suspicion of
aseptic causes, especially if performed < 5 years after the index
procedure, and if mechanical or functional causes could not be
identified by conventional investigations.'®

It is always very useful to evaluate the risk factors for infec-
tion in patients with arthroplastic procedure failure, since these
factors may be associated with a higher PJI prevalence; more-
over, they are even used as scores for the construction of risk
calculators. More recently, an analysis of 43,253 total arthro-
plasties, including 1,035 PJIs, identified as risk factors for
infection, in decreasing order of incidence: prior joint surgery,
injectable drug abuse, revision surgery, acquired immune
deficiency syndrome (AIDS), coagulopathy, renal disease,
congestive heart failure, psychoses, rheumatic diseases, knee
arthroplasty, diabetes, anemia, male gender, liver disease,
smoking, and body mass index (BMI).'® The authors acknowl-
edged that these conditions are independent risk factors for PJI.

Thus, based on the clinical suspicion of a syndromic
condition, although not fully compatible with PJI, it is
necessary to investigate serum markers and images.

Serum Biomarkers in the Diagnosis of
Periprosthetic Joint Infection

Blood biomarkers are intended to quantitatively portray the
response of the body to the underlying inflammatory/infective
process, using an increasing number of more specific antimi-
crobial proteins and proinflammatory cytokines. Initially,
serum markers are often preferable to SF markers because
they are less invasive, less costly, and allow sequential meas-
urements with no risk of iatrogenic joint infections.

The usefulness of leukocytes count as a PJI indicator is
very restricted because of its low sensitivity (45%), except for
acute hematogenic PJI associated with bacteremia, in which
leukocytosis may be significant.

The serum markers most used as adjuncts in the preoper-
ative diagnosis of PJI are the ESR and the CRP levels.

Since ESR expresses only the rate of precipitation of red
blood cells, its specificity is low. Considering a cutoff level of
30 mm, it has 75% sensitivity and 70% specificity for chronic
prostheticinfections. In acute infections, this test is considered
inadequate because a cutoff level cannot be reliably assigned.'’
On average, the kinetics of ESR after uncomplicated primary
elective arthroplasties show a return to baseline levels
3 months after the index procedure.

C-reactive protein is an acute phase protein, synthesized by
proinflammatory cytokines, such as interleukin 6 (IL-6); how-
ever, its specificity is also restricted. When a cutoff value of
10 mg/Lis considered, its sensitivity ranges from 68 to 82%, and

its specificity ranges from 71 to 80% for chronic infections.'”-'8

In acute infections, the cutoff level is 100 mg/L. On average, the
kinetics of serum CRP levels after uncomplicated primary
elective arthroplasties show a return to baseline values
between 3 and 4 weeks after the index procedure.

It should be noted that both ESR and CRP levels may be
elevated in inflammatory diseases (false-positive finding for
infections) or normal (false-negative finding) in infections
caused by low-virulence MOs. Even so, their use in screening
to rule out PJI is mandatory, since the combined sensitivity
and specificity of these markers are reported between 84 and
98% and between 47 and 96%, respectively.'’~1°

The use of other serum biomarkers, such as IL-6 or interleu-
kin 4 (IL-4),is not yet standardized. Serum IL-6 kinetics shows a
peakelevationin 2 to 3 days, and a return to normal levelsin ~5
to 7 days after an uncomplicated prosthetic replacement, thus
being an early indicator of PJI. Although its specificity ranges
from 91 to 95% for a cutoff level of 10 pg/mL, its sensitivity
varies greatly in different studies (from 47 to 97%) and,
therefore, its use is not routine due to these discrepancies;
moreover, this is a more costly test when compared with ESR
and CRP. The same applies to a1 acid glycoprotein.

Other cytokine groups, which also have numerous proin-
flammatory actions, such as tumor necrosis factor alpha
(TNF-a) and procalcitonin (PCT), which are secreted by
monocytes, have been identified as important markers of
infection, but the reported results are still conflicting; there-
fore, their routine clinical use has not yet been established. In
addition, in the literature, there is no study with a level of
evidence I or II that indicates its diagnostic superiority.

More recently, Shahi et al have reported a promising
perspective on the use of D-dimer as a serum marker of the
response to inflammatory stimuli, which promote elevated
levels of fibrin degradation products in blood.'” In a study
evaluating 172 revision arthroplasty procedures (86 aseptic
conditions and 86 PJIs), the authors found 89% sensitivity and
93% specificity for prosthetic infection diagnosis when a cutoff
level of 860 ng/mL was used.

Clinical Diagnosis of Periprosthetic Joint
Infection. Imaging Evaluation

Imaging tests usually have low specificity for the diagnosis of PJI
and, therefore, their greatest utility is to rule out other nonin-
fectious disorders as a cause of arthroplasty failure. Plain radio-
graphs are usually normal and may eventually present some
signs suggestive of PJI, such as periprosthetic loosening and/or
osteolysis in arthroplasties performed < 5 five years before,
subperiosteal elevation or transcortical fistula. Even so, the
specificity of the radiological examination ranges from 50 to
67%, with an accuracy rate of 64%.20 Similarly, ultrasound,
computed tomography (CT) and magnetic resonance imaging
(MRI) scans are not directly relevant to the diagnosis of PJI, but
they canidentify other causes for arthroplastic procedure failure.

Nuclear medicine scans, such as conventional bone scin-
tigraphy, present high sensitivity, but very low specificity,
which precludes its routine use in PJI investigation.?’ More
recently, promising results have been reported with
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immunoscintigraphy using antigranulocyte antibodies and
combined to traced leukocytes and bone marrow scintigra-
phy. Positron emission tomography (PET/CT) using fluoro-
deoxyglucose (18F-FDG) is also indicated in suspected cases
of infection, although its major indication is in the oncol-
ogical area. However, these tests are time-consuming, not
always available, and costly.

Thus, the role of nuclear imaging in the diagnosis and
treatment of PJI is still uncertain,’ with more restricted use,
since the methods described here for the diagnosis of syndromic
infection are less invasive, inexpensive, and widely available.

Biomarkers from the Synovial Fluid and
Periprosthetic Tissue Histology

The evaluation of SF biomarkers requires more invasive collec-
tion methods; moreover, it adds costs and risks of iatrogenic
infection. In addition, up to 32% of aspiration procedures do not
provide enough fluid for analysis.?? Therefore, a surgical
procedure guided by imaging techniques is recommended.

The most commonly used biomarkers from the SF for the
diagnosis of PJI are: total leukocytes count, percentage of
neutrophils (%N), leukocyte esterase (LE), CRP, and a-defen-
sin. The following cutoff levels are considered: 3,000 leuko-
cytes/uL, 80% N, ++, 6.9 mg/L (specific cutoff level not yet
validated), and positive for the lateral flow test, respectively.

The a-defensin test, still with limited availability in Brazil, is
very expensive. Considering its positivity at the lateral flow
test, its sensitivity is 78%, and its specificity is 93%. Comparing
it with the performance of total leukocyte count,% N, and EL,
along with ESR and CRP, through the diagnostic odds ratio
(DOR) method, which calculates the ratio between the chance
of positivity in PJI and the chance of positivity in noninfected
patients, Shahi et al noted that, for standard cutoff values, LE
has the best performance (30.06 + 0.27), followed by leuko-
cyte count (29.45 + 0.19), CRP (25.66 + 0.14), neutrophils
percentage (25.53 + 0.19), and by ESR and PCR combined
(23.33 + 0.11).22 When analyzed along with ESR and CRP,
LE, if concordant with these tests, has 95% accuracy in con-
firming or ruling out the diagnosis of PJI.2*

[tis noteworthy that the LE test has low cost, since detection
uses urinalysis strips; for + or ++ positivity, it presents 75%
sensitivity and 91% specificity. On the other hand, CRP mea-
surement in SF is less frequently used because the calibration
of the device for its dosage is different from the one employed
for serum values. Similarly, IL-6 dosage in SF has not yet been
routinely incorporated into the clinical practice.

Periprosthetic tissue histology, considered significant if
> 5 neutrophils per field are detected in > 5 fields (400x
magnification), requires specific collection and interpreta-
tion; therefore, its routine use is still questioned by some
authors. However, in a recent study on the accuracy of
freezing biopsy compared with permanent sections, it
showed a 97.6% concordance. When evaluated directly re-
garding the diagnosis of PJI, freezing biopsy presented sen-
sitivity, specificity and accuracy of 73.7% (95% confidence
interval [CI]: 59.7-87.7%), 0f 98.8% (95%Cl: 97.1-100.0%), and
of 94.0% (95% CI: 90.7-97.3%), respectively.?
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Etiological Diagnosis of Periprosthetic Joint
Infections

Culture and molecular techniques
Identification of the infectious MO (etiological diagnosis) is
undoubtedly the most important procedure for the institu-
tion of the proper treatment and, consequently, for better
outcomes. The performance of the conventional method of
culture of periprosthetic fluids and tissues still does not meet
the expectations of the medical team responsible for the
treatment of PJIs, with a high rate of false-negative results,
which is easily demonstrated by the 5 to 12% rate of PJIs
referred to as culture-negative infections.?®

However, infections associated with prosthetic implants
can be great diagnostic challenges, such as biofilm formation,
defined by Hall-Stoodley as infections caused by pathogenic or
opportunistic MO aggregates, encapsulated in an exopolysac-
charide matrix and protected from host defense mechanisms
and from antibiotic treatment.?’ As such, free (planktonic)
bacteria in periprosthetic tissue are present in a smaller
number, whereas bacteria in a mildly active metabolic state
remain protected inside the biofilm. The explant sonication
technique was proposed to release these “dormant” bacteria
from the biofilm through mechanical agitation. More recently,
seeding the sonicated liquid, or even periprosthetic tissue
samples, in blood culture flasks, has been shown to be effective
inincreasing the sensitivity of this microbiological test by up to
40% when compared with the conventional technique in agar
or thioglycolate broth (from 44.4 to 60.7%)%% if the IDSA
criteria for the diagnosis of PJl were considered.®

Another major challenge for traditional cultures is the lack
of standardization of collection, packaging, transport, and
method techniques, as well as of incubation time of biologi-
cal materials. Now, it is known that more indolent bacteria
(coagulase-negative Staphylococci or C. acnes, for instance)
may require up to 15 days of culture, in contrast with the
traditional incubation of 3 to 5 days for more virulent MOs.

Nevertheless, the prevalence of culture-negative infec-
tions remains significant and, therefore, there is a great
commitment to improve molecular techniques, especially
the next generation sequencing (NGS) procedures. In arecent
prospective study including infected hip or knee revisions,
while cultures were positive in 60.7% of the cases (95%Cl:
40.6-78.5%), NGS was positive in 89.3% of the cases (95%CI:
71.8-97.7%).2° The authors conclude that NGS is useful in MO
detection in culture-negative, as well as in detecting con-
comitant MOs that escape recognition in culture media.
However, they point to the need for future studies to clarify
the presence of MOs isolated from patients undergoing
presumptive aseptic revision surgery.

Algorithm for the Diagnostic of Periprosthetic Joint
Infection

From the main tests presented here, the ICM-2013 proposed
modifications in the algorithm presented by the American
Academy of Orthopedic Surgeons (AAOS),>° which guides,
step-by-step, the indication and interpretation of the tests to
be performed for the identification of PJI (~Fig. 2).
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MAJOR CRITERIA: ONLY ONE (1) IS REQUIRED
1. Fistula at the hip OR
2. Two positive cultures (same phenotype)

MINOR CRITERIA (3/5): 1. ESR > 30 mm AND CRP > 10 mg/L.
2. > 3,000/L leukocytes SF OR Leukocyte Esterase ++ or +++.
3. Neutrophils SF > 80%. 4. Positive histology. 5. One positive culture.

'Normal ESR and CRP AND |
Clinical infection unlikely

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

Major criterion present

(H, PE and XR)

|

- Abnormal ESR and/or CRP OR
= High infection probability
(H, PE, XR, ESR, CRP)

No major criteria

¥

= Positive culture AND 1

No minor criteria present .—‘

Joint puncture

minor criterion OR

-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

v

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

E: ‘ [ ative Biopsy
: L Neg } I (gross analysis and histopathology)

Likely
infection

ALGORITHM AAOS MODIFIED (CIAP, 2013)

Fig. 2 Modified American Academy of Orthopedic Surgeons algorithm (CIAP, 2013). Abbreviations: BAAR, Acid-alcohol-resistant bacilli, CRP, G
reactive protein; ESR, erythrocyte sedimentation rate; XR, X-ray; SF, synovial fluid.

Final Considerations

The lack of a gold standard for the diagnosis of PJls of the hip
poses innumerous challenges to the early recognition of this
serious complication, which may result in a higher rate of
treatment failure. Advances in the knowledge about PJIs
indicate the absolute necessity of an adequate and systemat-
ic prevention and of an early diagnosis based on clinical
findings, blood and SF biomarkers levels, periprosthetic
tissue histopathology findings, and the identification of
the infective MO through molecular cultures and techniques.
These procedures should be carried out sequentially, rou-
tinely, and in a standardized form, in all centers dedicated to
the treatment of PJIs.
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