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Abstract. — OBJECTIVE: Identification of peri-
prosthetic joint infection (PJI)-related pathogens
is crucial to decide what is the correct surgical
strategies and the most secure timing to re-im-
plant in case of two-stage revision. The pur-
pose of the present study is to review the litera-
ture to identify the features of each exams which
are used to identify the pathogens associated
with PJI, to evaluate which are the most sensitive
and specific and to set up an algorithm to decide
when, in the field of two-stage revision, it’s the
ideal timing to re-implant.

MATERIALS AND METHODS: We did a sys-
tematic review of the literature to look for peer-re-
viewed papers of any evidence level focusing on:
(1) Microbiological and molecular exams for iden-
tification of PJl-related pathogens. (2) Nuclear
imaging methods, which can help in the identifi-
cation of a PJI. Special attention was focused to
analyse which is the sensitivity and specificity of
these exams.

RESULTS: Overall, 64 manuscripts met the crite-
ria of the systematic search at point 1 and 7 man-
uscripts at point 2. Among microbiological and
molecular exams, the average of sensitivity and
specificity were respectively 65.6% and 94.4%
for cultural exams, 74.1% and 95.2% for molec-
ular diagnosis and 86.9% and 96% for MicroDT-
Tect. Among nuclear imaging methods, the aver-
age of sensitivity and specificity were respectively
94% and 69 % for three-phase bone scintigraphy
and 100% and 62.5% for [18F] Fluoro-2-deoxyglu-
cose-positron emission tomography/computed to-
mography.

CONCLUSIONS: In two-stage revision after
PJI, taking into account the sensitivity and spec-
ificity values, just a few microbiological and mo-
lecular exams and nuclear imaging methods
should be considered in the decision process to
re-implant the components.
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Introduction

Periprosthetic joint infection (PJI) is a major
cause of failure in Total Hip Arthroplasty (THA)
and Total Knee Arthroplasty (TKA), although
in most national institutes the incidence still re-
mains lower than 2%'.

PJI-associated revision results in a mortality 5
times greater than in revision for aseptic failure?,
and the cost for a PJI-associated THA revision
is 2.8 times greater than aseptic one and 5 times
greater than a primary implant.

The economic impact is also a concern for
the Healthcare system: in the USA, the overall
cost to treat PJT was $566 million in 2009 alone,
a number that is projected to reach $1.62 billion
in 2020°. Obviously, surgery involving multiple
steps increases this cost further.

To date, two definitions for the diagnosis of PJI
are worldwide accepted, although many have been
proposed over the years*‘: the IDSA (Infectious
Diseases Society of America) and MSIS (Muscu-
loskeletal Infection Society) definitions of PJI, whi-
ch present a high concordance despite different fea-
tures’. However, despite the lack of an international
consensus definition of PJI?, in this paper, we refer
to the MSIS classification system, which is most
commonly used by the orthopaedic community.

PJI can be treated by several different medical
and surgical strategies. Antimicrobial suppression
without surgery and Debridement, Antibiotics,
and Implant Retention (DAIR) are the less inva-
sive procedures, because the implant is not remo-
ved. Removing the prosthesis can be followed or
not by reimplantation, which can be performed ei-
ther at the time of removal (one-stage revision) or
delayed by weeks to months (two-stage revision).
Arthrodesis and amputation are the final solutions
when other strategies have failed. However, each
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surgical procedure aims to remove all infected
tissue and hardware or to decrease the amount of
biofilm with postoperative antimicrobial therapy
if the prosthetic material is retained.

Background

The two-stage revision, also named two-stage
arthroplasty exchange, is currently the most accep-
ted surgical strategy for the treatment of PJI. Suc-
cess rates for two-stage revision for knee prosthesis
infection are about 90% with better outcomes than
one-stage revision’. For hip arthroplasty infection,
reported success rates range from 87 to 100%'*"".

The main indication of two-stage revision has
been in chronic PJI management. However, it is
increasingly considered in cases of acute PJI whe-
re initial DAIR or one-stage exchange procedures
have failed or in immunocompromised host'.
Resistant organisms as the cause of infection are
a bad prognostic factor with higher failure rates
in the treatment of PJT'*!%; some studies suggest
that two-stage exchange may be the preferred tre-
atment for highly virulent organisms'®"”. Another
indication may be insufficient soft-tissue cove-
rage, especially if the time for flap development
is required; some authors recommend two-stage
exchange over a one-stage in case of significant
bone loss and soft-tissue compromise'®. This pro-
cedure consists of removal of the implants, meti-
culous irrigation and debridement, placement of a
temporary dynamic (also named articulating) or
static antibiotic-impregnated cement spacer and
delayed component reimplantation.

The function of antimicrobial-loaded PMMA
(PolyMethylMethAcrylate) spacers is of crucial
importance. First, they provide a local antimicro-
bial effect to augment systemic therapy during the
time between the first and second stage. Locally
presence of loaded spacers allows to reach a hi-
gher concentration of antimicrobials at the site of
infection than that achievable with systemic the-
rapy, without significant toxicity. Two or more an-
timicrobials, generally vancomycin, and an ami-
noglycoside, may be included in a single spacer
in order to provide broad-spectrum coverage'®°.

Secondly, both articulating and static spacers
provide mechanical support during the time in
which the joint is prosthetic component-free.
This preserves proper joint position, prevents mu-
scle contractures, and enhances patient comfort
between the first and second stages.

Identification of pathogens related with PJ1 is cru-
cial to decide what is the correct surgical strategies
and the most secure timing to reimplant in case of

102

two-stage revision, but not all the commonly used
procedures, devices and tests have the appropriate
sensitivity and specificity to reach this aim.

A combination of clinical judgment, aspiration,
and serological data can aid the surgeon’s deci-
sion on the appropriate time for reimplantation®'.

We aimed at reviewing the literature to iden-
tify the features of each procedure and device,
and testing which are used to identify the patho-
gens associated with PJI. In this way, we aimed
to evaluate which exams are the most sensitive
and specific to set up a decisional algorithm about
the ideal timing for reimplantation in case of the
two-stage revision. We also review the literatu-
re to find some imaging methods that could help
about this last aspect.

With the term “identification of pathogens” is
intended the demonstration of the species of ger-
ms which directly causes the PJI.

The exams were evaluated independently by
the used Criteria to define PJI.

Materials and Methods
We did a systematic review of the literature,
based on PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) gui-
delines, to look for peer-reviewed papers of any
evidence level focusing on identification of PJI-re-
lated pathogens.
MEDLINE was searched through PubMed
with use of the following search strategies:
1. (“prosthetic joint infection” OR periprosthe-
tic joint infection”) AND “culture”

2.(“prosthetic joint infection” OR periprosthe-
tic joint infection”) AND (“molecular” AND
“diagnosis”) AND (“polymerase chain re-
action” OR “PCR”)

3.(“dithiothreitol” OR “microDTTect” OR

“DTT”) AND (“prosthetic joint infection”
OR periprosthetic joint infection™)

Only full-text papers published in the Engli-
sh language from January 1, 2000 to January 31,
2018 were included. Abstracts, case reports, letter,
reply, comment on, and conference proceedings
were excluded in search filters a priori. Further-
more, only studies in which a detailed evaluation
of the methods was present, were eligible for in-
clusion. Special attention was focused to analyse
which is the sensitivity and specificity to identify
PJI-related pathogens. Studies not reporting sen-
sitivity and specificity values of the exams were
excluded. When a study compared sonication or
swab or synovial fluid culture versus periprosthe-
tic tissue culture, we reported values referred to
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periprosthetic tissue culture. When a study com-
pared different culture media, we reported the one
with the highest sensitivity and specificity values.
When a study reported a value as a range, the ave-
rage of the board values was considered. When a
study compared the sensitivity and specificity of
a culture in chronic versus acute PJI, an average
of the values has been made. Studies in animals
were excluded. Studies evaluating only a micro-
organism were excluded. For cultural exams, the
sensitivity and specificity were reported regard-
less of where the specimens were withdrawn.

We also evaluate if there are some imaging
methods which can help in the identification of a PJI.

MEDLINE was searched through PubMed
with use of the following search strategies:

4. (“prosthetic joint infection” OR periprosthe-

tic joint infection””) AND (“nuclear imaging”
OR “nuclear method”)

Only full-text reviews published in the Engli-
sh language from January 1, 2000 to January 31,
2018 were included. We searched only reviews to
detect all the possible nuclear exams in literature
useful for our aim, a priori excluding the non-nu-
clear imaging for the known lack of accuracy in
PJI, as depicted in “Discussion” paragraph.

From the analysis of the reviews, three exams
appear to be of some relevance in the field of PJI,
but with this search criterion, none review focu-
sed on sensitivity and specificity of one of these.
So that, we decided to extend the search.

MEDLINE was searched again through Pub-
Med with use of the following search strategies:

5. (“prosthetic joint infection” OR “peripro-

sthetic joint infection””) AND (“SPECT/CT”
OR “SPECT-CT”)

Only full-text papers published in the Engli-
sh language from January 1, 2000 to January 31,
2018 were included. For each search at point 4 and
5, special attention was focused to analyse whi-
ch was the sensitivity and specificity. Studies not
considering these items were excluded. In parti-
cular, we focused on the sensitivity and specifi-
city of the exams in the decision process for the
timing of the reimplant in PJl-related two-stage
revision.

All the papers analyzed focused on the ability
of the different methods to diagnose PJI, but not
on their utility in reimplantation timing in case of
two-stage revision. Only two methods seemed to
do this. So that, we do a further search through
PUBMED with this strategy:

6. “scintigraphy” AND “two-stage revision”

AND “infection”

7. (PET” OR “positron emission tomo-
graphy”) AND “two-stage revision” AND
“infection”

For points 6 and 7 only papers published in the
English language were included, without using any
additional filters. We excluded all papers which not
reported sensitivity or specificity of the method.

Results

A total of 300 studies were identified from the
keywords search at point 1; a total of 42 studies at
point 2; a total of 5 studies at point 3. 283 studies,
comprising points 1, 2, and 3, were excluded from
review of papers. Overall, 64 manuscripts met the
criteria of the systematic search.

The exams and their features which were in
detail evaluated in literature to their possible use
in identification of pathogens related to PJI are
analysed in “Discussion” paragraph. The sensiti-
vity and specificity of those tests were listed for
authors and year in Table I, II and III. The ave-
rage of sensitivity and specificity were respecti-
vely 65.6% and 94.4% for cultural exams, 74.1%
and 95.2% for molecular diagnosis and 86.9% and
96% for MicroDTTect.

In 7 cases, for cultural exams, the study repor-
ted the sensitivity but not the specificity.

Among imaging methods, a total of 22 papers
were identified from the keywords search at point
4 and 4 papers at point 5 (a total of 15 papers, of
which 11 were just found in the search at point 1).
21 studies, comprising points 4 and 5, were exclu-
ded from review of papers. Overall, 5 manuscrip-
ts met the criteria of the systematic search.

— Three exams appear to be, for their sensiti-
vity and specificity values (listed for authors and
year in Table 1V), of a certain utility to help the
identification of PJI:

— Three-phase bone scintigraphy with radio-
active In-111-labelled leukocytes (average
sensitivity and specificity respectively 84.5%
and 93.5%).

— SPECT/CT (Single-Photon Emission Com-
puted Tomography/Computed Tomography)
(average sensitivity and specificity respecti-
vely 91.2% and 83.2%).

— Antigranulocyte  Antibody  Scintigraphy
(LeukoScan) (average sensitivity and spe-
cificity respectively 90% and 95%) 18F
FDG-PET/CT ([18F] Fluoro-2-deoxygluco-
se-positron emission tomography/computed
tomography) has been excluded for the bro-
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Table I. Sensitivity and specificity value for cultural exam
from synovial joint aspiration fluid, periprosthetic tissue and
sonication fluid.

Sensitivity  Specificity

Authors, year (%) (%)
Morgenstern, 2018% 52 /
Lee, 20173 85 90
Rothenberg, 2017* 70 90
Van Diek, 2017% 68 80
Pohlig, 20172 87.5 100
Sambri, 20177 94.4 100
Liu, 2017% 79 95
Peel, 2016* 98 /
Ahmad, 2016* 70 89
Rak, 2016 76 93
Park, 2016% 61.5 95.5
Peel, 2016* 90.2 99.5
Lazureanu, 2015 0 93.14
Fernandez-Sampedro, 2015% 66.7 100
Alijanipour, 2015% 82 32
Nodzo, 2015 73 95
Shen, 2015% 64 98
Jordan, 2015 25 98
Niedzwiadek, 20144 69 /
Dilisio, 2014* 100 100
Scorzolini, 2014% 34.1 /
Ryu, 2014% 68.8 100
Jordan, 2014* 32 99
Minassian, 2014% 82.3 98.8
Portillo, 20144 61 100
Smith, 20144 19 38
Cross, 20144 41 100
Miyamae, 2013% 71 87
Evangelopoulos, 2013% 471 /
Qu, 2013 72 95
Janz, 2013 52 100
Drago, 2013% 714 76.5
Cazanave, 2013 70.1 97.9
Aggarwal, 2013% 93 98
Janz, 2013% 87 100
Portillo, 2012% 67 98
Gomez, 2012 70.4 98.7
Larsen, 2012% 79.5 /
Corona, 2012 82 100
Vergidis, 2011° 55 93
Hughes, 2011% 87 98.5
Holinka, 2011 61.1 /
Bergin, 2011% 71 96
Font-Vizcarra, 2010% 85 100
Meermans, 2010 90 100
Tohtz, 2010% 86.6 100
Piper, 2009 54.5 95.1
Gallo, 2008 44 94
Fihman, 20077 53.8 85.7
Trampuz, 2007" 60.8 98.8
Bori, 20077 28.5 100
Mikkelsen, 20067 46 100

ad variability of sensitivity and specificity
values; the other exams demonstrated more
reproducible values.
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Table IlI. Sensitivity and specificity value for molecular
diagnosis.

Authors, year Sensitivity (%) Specificity
Morgenstern, 2018* 60 89
Rak, 2016 95 97
Melendez, 2016™ 55.6 91.8
Bémer, 20147 73.3 95.5
Qu, 20137 86 91
Cazanave, 2013* 77.1 979
Rak, 20137 75 94.1
Marin, 20127 94 100
Bergin, 2010% 71 100
Fhiman, 20077 53.8 95.2

Table Ill. Sensitivity and specificity value for MicroDTTect.

Authors, year (%) Sensitivity (%) Specificity (%)

De Vecchi, 20167 88 97.8
Drago, 2013% 85.7 94.1

At point 6 a total of 4 papers were identified
from the keywords search, but only 2 met the cri-
teria of the systematic search. At point 7 a total of
2 papers were identified from the keywords sear-
ch, but only 1 met the criteria of the systematic
search, and this paper is the same of one of the
papers at point 6. Two exams appeared to be use-
ful in the decision process for the timing of the
reimplant in PJI-related two-stage revision:

— Three-phase bone scintigraphy.

— 18F FDG-PET/CT.

In Table V, we reported the sensitivity and spe-
cificity values, positive predictive value (%) and
negative predictive value (%) of these studies li-
sted for authors and year.

With all these information, we created a flow-
chart of a possible decision process of when is the
ideal timing to proceed with the reimplantation in
two-stage revision (Figure 1).

Discussion

The identification of pathogens can be directly
obtained with molecular diagnosis or with a cul-
tural exam. The main point for the cultural exam
is whence the specimen to test is obtained:

— Swabs

— Synovial fluid directly aspirated from the in-

fected joint

— Periprosthetic tissue biopsy

— Sonicate fluid of removed prosthetic compo-

nents
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Table IV. Sensitivity and specificity value for nuclear imaging.

Authors, year Sensitivity (%)  Specificity (%)

SPECT/CT
Three-phase bone scintigraphy with In-111-labeled leukocytes

LeukoScan

Kim, 201480 93.3 933
Graute, 201081 89 73
Verberne, 201682 69 96
Love, 200483 100 91
Verberne, 201784 90 95

Table V. Sensitivity and specificity value, positive predictive value (%) and negative predictive value (%) for nuclear imaging

useful in the decision process for the timing to re-implant.

Authors, year

Sensitivity (%)

Positive
predictive
value (%)

Negative
predictive

Specificity (%) value (%)

Three-phase bone scintigraphy
I8F FDG-PET/CT

Ikeuchi, 201385
Chen, 201086

69 80 90
62.5 / 100

— Fluid obtained from Dithiothreitol (DTT) so-
lution devices

Molecular Diagnosis
Polymerase Chain Reaction (PCR) technology
has the theoretical advantage of a rapid response

time and higher sensitivity than conventional mi-
crobiological methods®**¥"# In particular, this
method is not affected by a previous use of anti-
microbials.

Nowadays, Real Time-PCR (RT-PCR) is the
most used technique. It allows the detection of PCR

TWO-STAGE REVISION with prosthesis component removal and
antimicrobial-loaded PMMA spacers implant

Periprosthetic tissue culture
(almost in 5 specimen)

and cultur of the obtained fluid

Sonication or MicroDTTect of prosthesic component

Synovial joint aspiration
fluid culture

Multiplex RT-PCR.
assays in sonicate fluid

‘F‘ | Results from the 4 methods NEGATIVE |

Results from almost 1 (2 if the other one is

is) of the 4 methods POSITIVE jl

| Broad range IV antibiotics therapy for 4-6 weeks | ¢

{L JJ I Targeted IV antibiotics therapy for 4-6 weeks |

I NEGATIVE after 4-6 weeks

Weekly monitoring of peripheral blood tests ﬁl

(WBC, CRP and ESR)

Persistently high after 4-6 weeks |

| STOP antibiotics therapy |
Weekly monitoring of peripheral blood tests Three-phase bone scintigraphy or [18F]
for 2-8 weeks = FDG-PET/CT
NEGATIVE POSITIVE
Antimicrobial-loaded PMMA spacers removal and its analysis for
culture with sonication or MicroDTTect + biopsy specimens for
periprosthetic tissue culture and frozen-section for estemporaneous
hi hological analysis + Multiplex RT PCR assays
Frozen-section for estemporaneous F tion for p
histopathological analysis NEGATIVE histopathological analysis POSITIVE ‘ JJ»
RE-IMPLANT l % | Change spacers or ALL-POLY
Continue the antibiotic-therapy which
had negativized peripheral blood tests
Results from spacers analysis Results from spacers analysis
and periprosthetic tissue culture and/or periprosthetic tissue culture L
NEGATIVE POSITIVE Jvl
STOP LONG-TERM SUPPRESSIVE
ANTIBIOTIC-TERAPHY:
Monthly Monitoring of * 3 months for. shoulder
peripheral blood test « 6 months for hip and knee

Figure 1. Proposal of an algorithm to decide when to re-implant in two-stage revision
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amplification during the early phases of the reaction.
This provides a distinct advantage over traditional
PCR, which uses Agarose gels for detection at the
final phase or end-point of the reaction.

Targeting the gene encoding 16S ribosomal
RNA (commonly named broad-range PCR or 16S
PCR), PCR identifies nucleic acid sequences con-
served across many bacterial species. As such,
it may permit the identification of bacteria never
previously associated to cause PJI.

One of the limits of standard PCR is the rate
of false positives, which some studies using 16S
PCR reported to be high®. This rate decreases
if RT-PCR is used and the analysis conducted in
sonicate fluid®®. Sensitivity is lower and with va-
riable values in the study with PCR on synovial
fluid®#"#¥ than on sonicate fluid**.

The most relevant concern is polymicrobial
infection, which may cause a band overlap con-
firming the presence of infection without identi-
fication of the species. This would require an ad-
ditional sequencing step in order to analyse the
DNA of each species.

Conversely, multiplex or multi assay PCR is limi-
ted to targeted primers of pathogens that are most
frequently associated to PJI. This allows to have a
method that, finding only what it seeks, is higher
specific. Results are available within 3-5 hours, ma-
king the procedure very quick. Cazanave et al** desi-
gned a panel of 10 real-time PCR assays specifically
targeting the bacteria that most frequently cause PJI.
This large study, involving 434 patients (144 with
PJls), found that sonicate fluid PCR was more sensi-
tive (77%) than tissue culture (70%) but not sonicate
fluid culture (73%), compared to a non-microbiolo-
gical definition of PJI. Conversely, the specificity of
this PCR panel was high (98%), suggesting that if
aseptic failure is due to indolent infections, as other
investigators have suggested®, it is not caused by
organisms that commonly cause overt PJI. For the
patients receiving antibiotics in the 2 weeks prior to
surgery, PCR was 88% sensitive, compared to 70%
sensitivity for tissue or sonicate fluid culture, sug-
gesting a situation in which this technology may be
particularly advantageous. However, this technolo-
gy doesn’t allow for mycotic search.

The incoming of the Ibis T500 Universal Bio-
sensor, which combines broad-range PCR with
high-performance electrospray ionization mass
spectrometry (ESI-MS), could largely improve
some of these issues. This system outperforms
standard PCR and allows to detect bacteria, vi-
ruses, fungi, and protozoa’; however, it retains
the high false-positive rate of conventional PCR?'.
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In their study, Jacovides et al’* correctly identi-
fied with this technology the pathogen in 17 of 18
culture-positive PJI cases. However, a very poor
specificity was observed, with one or more orga-
nisms being identified in 50 of 57 non-infectious
revisions and 5 of 7 primary arthroplasties, signi-
ficantly limiting the application of this technolo-
gy. Given these data, PCR ESI-MS may be useful
in the future in selected cases of PJI, e.g., in dia-
gnosing culture-negative suspected PJI.

Nowadays, given the limitations of commer-
cially available multiplex PCR assays designed
for other purposes, multiplex PCR assays in soni-
cate fluid that includes the most likely organisms
causing PJI should be used for PJI diagnosis.

The biggest limitation of this technology is that
doesn’t allow to get an antibiotic susceptibility
test; therefore, even when positive, another exam
must be necessarily performed to administrate a
targeted antibiotic therapy.

Culture Exam

Swabs

Cultures obtained by using swabs have a limi-
ted role in the pathogen identification in PJI.

While the presence of a sinus tract is conside-
red definitive evidence of PJI*°, swab culture of the
drainage from the sinus tract is neither sensitive nor
specific for the microbiological detection of PJI.

Tetreault et al”® recently evaluated the utility of
sinus tract swab culture in patients with knee or
hip arthroplasty and a draining wound. Among
the patients diagnosed with a PJI based on MSIS
criteria, the concordance between superficial si-
nus tract culture and operative tissue culture was
53%, with numerically lower concordance in the
acute PJI group versus chronic PJI.

Intraoperative cultures obtained via swabs are
less accurate than tissue cultures. Aggarwal et al*
compared intraoperative swabs with tissue samples
from patients undergoing revision arthroplasty and
found that swab cultures obtained from the same
site as tissue samples had sensitivity and specificity
of 70 and 89%, respectively, compared to 93 and
98%, respectively, for tissue cultures. Another stu-
dy reported a similar sensitivity value®. The sen-
sitivity of swab culture was particularly poor for
patients with chronic PJI, at only 40%.

Synovial fluid directly aspirated from
the infected joint

As recommended for swabs, fluid aspiration
from draining wound or sinus tract after hip or
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knee arthroplasty should not be obtained”, be-
cause of the evidence that commensal skin bacte-
ria are commonly identified in these superficial
cultures, but are not considered pathogenic unless
isolated from a sterilely obtained joint aspirate or
intraoperative culture. In this way, superficial cul-
tures could mislead the diagnosis and treatment
of intra-articular pathology. Specifically, they can
lead to a diagnosis of deep infection within the
joint space when it is not present, leading to un-
necessary surgical intervention.

Aspirated fluid can be either inoculated into
blood culture bottles at the time of collection or
transported to the microbiology laboratory and
inoculated onto solid and/or liquid media. It’s
recommended the use of aerobic and anaerobic
blood culture bottles inoculated in the procedure
suite. This method has the advantages of increa-
sed pathogen recovery and decreased risk of con-
tamination when used with native joint synovial
fluid®, in contrast with the low sensitivities (50%)
using of only solid or liquid media®>’".

In several studies, the sensitivity was consistent-
ly high, from 86 to 87%, with a specificity ranging
from 95 to 100%%*%, with higher sensitivity for
acute (91%) than for chronic (79%) PJI, probably
due to the difference in the load of microorganisms
or the infecting pathogens®. In studies with lower
sensitivity value, patients had received antibiotics
in the 2 weeks prior to aspiration™.

Periprosthetic Tissue Biopsy

First of all, obtaining only a single tissue spe-
cimen for culture gives a low sensitivity and lead
difficulty in interpreting potential contamination
with low virulence microorganisms, and should
be avoided, as Kamme and Lindberg” recogni-
zed over 30 years ago, underlined that pathogens
could be distinguished from contaminants when
five tissue specimens were obtained.

Several studies evaluated what could be the ide-
al number of specimens to withdraw and the ideal
threshold of specimens yielding an indistinguishable
microorganism. The sensitivity values ranged from
65% when 5 or 6 number of specimens were cho-
sen and 3 or more specimens yielding an indistin-
guishable germs were fixed for ideal cut-off'®’, to
80% (and a specificity of 97%) when a mean of 4
samples per patient (range, 1 to 7) were withdrawn
with isolation of the same organism from three or
more cultures'”. More recently a threshold of two
specimens with phenotypically identical organisms
demonstrate a good sensitivity’"'"* and this has been
incorporated into PJI consensus documents***.

When virulent organisms (such as S. au-
reus, beta-haemolytic Streptococci, or aerobic
Gram-negative Bacilli) are isolated also in a sin-
gle positive culture, this must be taken in consi-
deration especially when the same organism is
found in a different specimen type, such as syno-
vial or sonicate fluid.

About the specific media used for culture, using
cooked meat broth (83%) or blood culture bottles
(87%) was more sensitive than culture using anae-
robic broth (57%) or solid-agar plates (39%). Spe-
cificity was 97 to 100% for each medium type®.

Some studies also evaluate thioglycolate broth
with meaningful sensitivity and specificity va-
lues71,101'

Traditionally, aerobic cultures are incubated
for up to 4 days, and anaerobic cultures are incu-
bated for up to 7 days; incubation beyond these
points is thought to increase the number of con-
taminants. Recently, some authors'*'% suggested
that periprosthetic tissue should be cultured for 14
days. However, the optimal duration of incubation
for periprosthetic tissue culture is of considerable
debate, particularly for isolation of P. acnes, pri-
marily found in patients undergoing revision of
shoulder arthroplasty. Some authors'® suggested
that both aerobic and anaerobic cultures should
be incubated for 13 days. Other authors!®* didn’t
find an increase in detection of P. acnes infections
when using anaerobic blood agar and anaerobic
thioglycolate broth incubated for 14 compared to
7 days; they also suggested a certain advantage of
thioglycolate broth in this setting.

Sonicate fluid of removed prosthetic
components

Sonication is a method to dislodge biofilm and
the associated bacteria from the surface of the
implant. Low-frequency ultrasound waves pass
through liquid surrounding the prosthesis, crea-
ting areas of high and low pressure. Microscopic
bubbles formed during the low-pressure stage,
collapse during the high-pressure stage, releasing
energy and liberating bacteria from the surface
of the implant. The fluid surrounding the implant
can then be submitted for culture or analysed by
culture-independent methods to detect bacteria'®.

The optimal threshold for determining signi-
ficant bacterial growth is debated. Without the
use of a centrifugation (or vortex) phase for the
concentration of the fluid, the optimal threshold is
2-10 CFU per millilitre (considering 10 as a thre-
shold there is a decrease in sensitivity at 79% but
an increase in the specificity of 99%)’. Using a
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100-fold concentration step the threshold is 200
CFU per millilitre®®.

The type of bacteria identified when conside-
ring a cut-off for significant growth should also
be taken into account: the presence of 10 CFU
per millilitre of S. aureus or a member of Ente-
robacteriaceae should be considered with minor
probability a contaminant rather than finding the
same amount of Coagulase-Negative Staphylo-
cocci or Propionibacterium species.

This technique, with a vortex phase, was parti-
cularly useful for those patients who took antimi-
crobial agents in the two weeks prior to surgery,
for whom the sensitivity of the sonicated fluid is
75%, compared to 45% of the tissue culture®.

Using solid culture media is better than liquid
media because it allows semi-quantitative analy-
sis to differentiate pathogens from contaminants.
Studies that used a solid container to process pro-
stheses found specificity values of 81-100%°!:106-108
compared to 43-87% of studies that used a bag!!"°,

Sensitivity to sonication of shoulder prosthesis
(66.7%) may be lower than that for hip or knee pro-
stheses (72.9-78.5%), on studies performed using
nearly identical sonication protocols® . Using
vortexing alone in laboratories that do not have so-
nication available and setting a cut-off to 1 CFU
per millilitre results in levels of sensitivity and spe-
cificity similar to sonication plus vortexing!'%.

Further data are necessary on the role of soni-
cation of the PMMA spacer at the second stage of
a two-stage arthroplasty exchange''!'2,

Fluid obtained from Dithiothreito!
solution devices

Dithiothreitol is a sulfhydryl compound (em-
pirical formula C,H O,S,, MW 154.2) which is
routinely used in clinical microbiology for li-
quefying specimens from the respiratory tract.
DTT is characterized by low toxicity, easy to use
since it does not require special precautions, re-
latively low costs. Sulthydryl compounds reduce
disulphide bounds between polysaccharides and
neighbouring proteins, and interfere with biofilm
formation. For this reason, this solution is able to
detach bacteria from a biofilm on orthopaedic de-
vices with comparable or even higher yields than
sonication and periprosthetic tissue culture®'3.

The DTT solution devices are a closed system
which allows intra-operative microbiological
samples retrieval with lower risks of contamina-
tion in clinical practice. Samples were put into
containers that are sturdy, unpeaceable, heat-se-
alable and equipped with a mini grip and adhesi-
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ve seal for a watertight closure chamber in PVC
(polyvinyl chloride).

Sambri et al''* found no difference in sensitivi-
ty between DTT and sonication for the detection
of PJI, and both of those tests were more sensitive
than standard tissue cultures. Among patients in
whom infection was not suspected before surgery,
the sensitivity of DTT was greater than that for
sonication and cultures on tissue samples (100%
vs. 70% and 50%; p < 0.001). Among patients in
whom infection was suspected before surgery, the
sensitivity of DTT and sonication were not greater
than standard cultures (89% and 94% vs. 86%).

De Vecchi et al”” compared microbial growth in
periprosthetic tissue samples collected from the
same site and randomly allocated to DTT or sa-
line treatment. They found concordance between
the two methods in the 85.7% of cases. Sensitivity
was 88.0% for dithiothreitol and 72.0% for saline.
Specificity was 97.8% and 91.1% for dithiothreitol
and saline, respectively.

In the two-stage revision, the delayed reim-
plantation after 4-6 weeks of intravenous antimi-
crobial therapy and an antibiotic-free period of
2-8 weeks has been highly successful''>!'6, Most
panel members would use 6 weeks of therapy for
more virulent organisms such as S. aureus'™'.

The timing to reimplant is fundamental. The
peripheral blood tests with evaluation of white
blood cells (WBC), erythrocyte sedimentation
rate (ESR) and C-reactive protein (CRP) levels,
are worldwide accepted as an excellent predic-
tor of the absence of infection, when normal and
when used in combination'” and can guide the
ideal timing to withdraw the antibiotics.

Biopsy specimen for frozen-section histopa-
thological analysis are also fundamental in this
phase, with results being available within 30 min,
compared to one or more days for permanent hi-
stopathology'?’. A recent meta-analysis'?' of 26
studies involving > 3,000 patients (796 PJIs) found
that the presence of acute inflammation provided
a high positive likelihood ratio of 12. Acute in-
flammation is defined as the presence of at least
5 neutrophils per high-powered field, in at least 5
separate microscopic fields'?>!?* as reported in the
recent consensus definitions for PJT°.

The identification of pathogens must be done in-
traoperatively at the moment of removal of compo-
nents and secondly at the time of the reimplantation
with a culture exam from the periprosthetic tissue
as gold standard, from the culture of synovial joint
aspiration fluid, from molecular analysis, and from
prosthesis component sonication fluid or DTT fluid.
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In the diagnosis of PJI, we analyzed only nu-
clear methods cause the lack of evidence in sen-
sitivity and specificity of standard and advanced
imaging. However, when we looked to the deci-
sion process to reimplant in two-stage revision,
only two exams seem to have a certain utility, as
mentioned above.

Standard and advanced Imaging
The literature points out the lack of accuracy of
these technologies in the diagnosis of PJI.

Radiographs

Radiographs are an integral part of evaluating
patients with a painful total joint arthroplasty be-
cause they may show a periprosthetic fracture,
obvious implant loosening, or a dislocation of the
joint. However, radiograph results are generally
normal in the presence of infection'*.

Some radiographic findings could suggest a PJI

but their sensitivity and specificity are low*!?*:

— focal osteolysis, as indicated by an expanded
radiolucency band (> 2 mm) at the metal-bo-
ne or cement-bone interface

— detachment of components, particularly fast
and aggressive, typical of the infection (vs.
the slow progression of aseptic loosening)

— breakages in the context of cement

— sub-periosteal reaction

Computed Tomography (CT) and Magnetic
Resonance Imaging (MRI)

They do not have a place in the routine dia-
gnostic evaluation of PJIs, although some authors
found that detection of joint distention upon CT
imaging was highly sensitive (83%) and specific
(96%) for suspected hip arthroplasty infection'*.
Artefacts related to the presence of metal preclude
reliable image interpretation and even the current
artefact reduction software used in MRI are largely
unable to improve the problem adequately'?>!2"128,

Ultrasonography

In the diagnosis of PJI its usefulness for a signi-
ficant accumulation of local liquids that does not
make the images clear. It could be useful to guide

joint aspiration in some cases'”.

Nuclear Imaging
[18FJFluoro-Z2-deoxyglucose Positron
Emission Tomography (FDG-PET)

Kwee et al"*® found sensitivity and specificity
values of 82.1 and 86.6%, respectively, for the dia-
gnosis of PJI, emphasizing that this is a high-cost

technique. However, in patients with orthopaedic
implant infections, sensitivity varies widely from
28% to 91% and specificity from 9% to 97%. This
variation in FDG-PET performance in orthopae-
dic implant infections depends largely on the use
of different criteria to diagnose infection. Further
studies are needed because the present data regar-
ding accuracy are conflicting!?>131:132,

Conversely, Chen et al* evaluated the poten-
tial role of [18F] FDG-PET/CT to identify latent
infections at the site of an interim hip spacer after
resection arthroplasty for hip prosthesis infection,
finding 100% sensitivity and 100% negative pre-
dictive value for detection of latent infection. They
concluded that the high negative predictive value
of PET/CT scans is useful to rule out infections in
patients with persistently elevated CRP levels and
might serve as an auxiliary tool to exclude latent
infections in patients posing a clinical diagnostic
dilemma.

In addition, Huang et al'** recently reported
that FDG-PET was a feasible tool to help in de-
tecting infection around antibiotic-loaded cement
spacers.

Although PET is a highly effective procedure
for detecting infection around the prosthesis and
cement spacers, its limitations are the restricted
availability and the costs.

Three-phase Bone Scintigraphy (TPBS) with
or without Radioactive In-111-Labelled
Leukocytes

Three-phase bone scintigraphy uses a radio-
active isotope which is attached to a compound
that preferentially collects in bone. This com-
pound will accumulate in areas of high metabolic
activity and emits gamma rays that can be de-
tected by a gamma camera. After the injection of
the radioactive compound, the intensity of uptake
is measured at three different time points: imme-
diate, at 15 min and at 2 to 4h. These timings cor-
respond to blood flow, blood pool, and late pool,
respectively. Captation at the blood pool and late
time points suggests PJT'*4,

The majority of PJIs occurs in the first year or
two after implantation, but asymptomatic patients
frequently have uptake detected by delayed-phase
imaging in this time period'®, leading to a lack
of specificity, reportedly as low as 18% by some
authors'*®, Therefore, TPBS may be more useful
for PJI occurring late after arthroplasty, with in-
creased uptake at both the second and third pha-
ses provided sensitivity and specificity of 68 and
76%, respectively, as reported by some authors'?’.
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Sensitivity and specificity could increase with
use of radioactive In-111-labelled leukocytes,
with images being obtained 24 h later. A positive
scan is typically considered when there is uptake
on the labelled leukocyte image, with absent or
decreased uptake at the same location on the la-
te-phase bone scan. A late-phase bone scan com-
bined with a 111In leukocyte scan has sensitivity
value ranging from 64%-100% and specificity
value ranging from 70% to 91% according to dif-
ferent studies*14°,

Scintigraphy yields a slightly lower accuracy,
but excels in simplicity and cost-effectiveness''.

Tkeuchi et al® evaluated TPBS as a diagnostic
test for the detection of residual infection around
the antibiotic-loaded cement spacer in patients wai-
ting for the second-stage revision hip or knee ar-
throplasty. They found a positive and negative pre-
dictive value of 80% and 90%, respectively, with
a diagnostic sensitivity of 94% and a specificity of
69%, concluding that, because FDG-PET is not yet
common, three-phase bone scintigraphy has an im-
portant role in the diagnosis of residual infection
around the prosthesis and cement spacers.

Single-Photon Emission Computed
Tomography/Computed Tomography
(SPECT/CT)

Scintigraphy with SPECT imaging has the ad-
vantage of showing the metabolic activity of the
bone surrounding the prosthesis and is less prone
than MRI to image degradation by artefacts from
metalwork. In SPECT/CT the SPECT gamma
scanner may be built to operate with a conventio-
nal CT scanner, with co-registration of images; this
allows the location of tissues which may be seen on
SPECT scintigraphy, but are difficult to locate pre-
cisely with regard to other anatomical structures.

Joint and bone infection with or without a pro-
sthesis component has some particular features
with this technology, that allow also to distinguish
PJI from other pathologies (periprosthetic fractu-
re, aseptic loosening): irregular periprosthetic
radiolucencies, periosteal reaction, prolonged in-
tense activity on dynamic and blood-pool phase
of bone scintigraphy, circumferential increased
uptake around the prosthesis on delayed SPECT,
soft-tissue changes: joint distension, fluid-filled
bursae, surrounding collections in muscles'¥.

Filippi and Schillaci'® investigated SPECT/CT
imaging with *Tc-WBC for diagnosis of metal-
lic implant-associated infection. Sensitivity and
specificity were 100%. Combining 2 different ra-
diopharmaceuticals or adding CT allow to reach
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high specificity in diagnosing infection in patien-
ts with suspected PJT'#4,

Anti-granulocyte Antibody Scintigraphy
(LeukoScan)

Several peptides and anti-granulocyte antibodies/
antibody fragments are used as in vivo methods of
labeling leukocytes. One method makes use of a
murine monoclonal antibody fragment of the IgGl
class that binds to normal cross-reactive antigen-90
present on leukocytes (LeukoScan). Sensitivity and
specificity of this agent range from 76% to 100%
and from 67% to 100%, respectively'®.

Rubello et al'*é reported 94% sensitivity for both
early and delayed imaging, whereas specificity was
71% for early imaging and 83% for early and de-
layed imaging approach. At semi-quantitative ROI
analysis, sensitivity remained 94%, whereas speci-
ficity rose slightly to 73% for early imaging and to
90% for early and delayed imaging combined.

Conclusions

In the two-stage revision, the delayed reim-
plantation after 4-6 weeks of intravenous antimi-
crobial therapy and an antibiotic-free period of
2-8 weeks has been highly successful.

Reviewing the literature and analyzing the sen-
sitivity and specificity of the exams which allow
the identification of pathogens, we proposed an al-
gorithm to lead the decision process to reimplant
the components in two-stage revision after PJI.

Multiplex RT-PCR assays should be used for
identification of pathogens related to PJI. It has
to be conducted on sonicate fluid and include the
most likely organisms causing PJI, Collection of
swabs for culture is not recommended.

Synovial fluid should be inoculated directly
into blood culture bottles to improve their accu-
racy in identification of pathogens.

Submission of single periprosthetic tissue spe-
cimens for culture is not recommended. Nowa-
days demonstration of two phenotypically iden-
tical organisms of 5 specimens is recommended
as gold standard. Culture using aerobic and ana-
erobic conditions should be performed in all ca-
ses. The optimal duration of culture is unclear but
likely depends in part on the medium that is used
and not just on the incubation period.

The culture of samples obtained by sonication
of the removed prosthesis has been shown to be
more sensitive than conventional tissue cultures,
especially in patients treated with antibiotics be-
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fore surgery. However, some limitations of this
method have been highlighted, such as the neces-
sity for dedicated laboratory tools and the intrin-
sic risk of contamination.

Cultures from DTT fluid, obtained from a closed
system device, bypass the risk of contamination and
should be considered for detection of PJI-related pa-
thogens. Together with other criteria, it should be
considered especially in settings where the infection
is not suspected before revision surgery.

Finally, non-nuclear imaging has a lack of ac-
curacy, so that it is non-recommended. Among
nuclear methods in the diagnosis of PJI, [18F]
FDG-PET/CT is not recommended for the high
cost of technique and for the broad variability
of sensitivity and specificity values. SPECT/CT,
LeukoScan, and three-phase bone scintigraphy
with In-111-labelled leukocytes must be conside-
red in the diagnosis of PJI, in Healthcare Center
where these technologies are available, for repro-
ducible values of sensitivity and specificity.

However, in the decision process of the reim-
plant, only [18F] FDG-PET/CT and TPBS may
play a role.
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