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ARTICLE INFO ABSTRACT

Keywords: Background: In a two-stage exchange protocol for prosthetic joint infection (PJI), bacteria surviving over the
Sonication antibiotic-loaded cement spacers may cause the persistence of infection with renewed clinical symptoms fol-
Prosthetic joint infection lowing the surgery. Culture after sonication of removed prosthesis is more sensitive than conventional peri-
ls);iz;’s‘s prosthetic tissue culture for the microbiological diagnosis of PJI. The aim of this study was to assess whether

sonication of the spacer at the time of the second-stage procedure may improve the diagnosis of persistent PJIL.
Methods: We evaluated by microbiological culture the sonication fluid from 222 cement spacers implanted in a
two-stage exchange protocol in 157 patients affected by PJI. A mean of 1.3 (range, 1-4) spacer per patient was
performed.

Results: In 53 out of 222 spacers analyzed infection was confirmed according to the MSIS criteria.

In 22 cases the infection was confirmed by both cultures on periprosthetic tissue and on sonication fluid from
the spacers. In 23 cases persistent PJI was identified because of only cultures of periprosthetic tissue and 8
because of results obtained after spacer sonication.

The sensitivity of periprosthetic tissue cultures was higher than that of cultures performed on sonication fluid
(84.9% vs 56.6%, p < .001).

Conclusions: Even though sonication of cement spacers has performances inferior than those reported for
prosthesis, it can be considered a complementary method to unravel persistent infection during a two-stage

exchange protocol for PJI.

1. Introduction

Two-stage prosthesis substitution is the standard treatment in
chronic prosthetic joint infection (PJI) in knee and hip arthroplasty
(Kunutsor et al., 2016). It entails removal of the prosthesis with deb-
ridement of all infected tissue and placement of an antibiotic-im-
pregnated polymethylmethacrylate (PMMA) spacer, followed by broad
spectrum antimicrobial therapy, and subsequent delayed reimplanta-
tion of a second prosthesis. The antimicrobial therapy must of course be
adapted to a pathogen driven scheme as soon as the microbiological
diagnosis becomes available. The spacer enables local delivery of an-
tibiotic, preserves joint space and prevents the retraction soft tissues
(Kurd et al., 2010).

High rates of satisfactory outcomes in terms of infection eradication
have been reported using the two-stage exchange procedure. However,
this approach is not uniformly successful (Nelson et al., 2014; Zalavras,
2014; Sorli et al., 2012; Mariconda et al., 2013; Schmolders et al.,

2014). The presence of biofilm-forming pathogens is likely the leading
cause for the infection to persist and, despite an initial high local an-
timicrobial discharge, the antibiotic-loaded cement itself, once the re-
lease of antibacterial molecules has ended, can represent an optimal
biomaterial surface to which bacteria adhere, grow and possibly de-
velop antibiotic resistance as a biofilm bacterial community (Neut et al.,
2001).

Relapse of infection may be more frequent when drug resistant or-
ganisms such as methicillin-resistant Staphylococcus aureus (MRSA) and
methicillin-resistant Coagulase negative Staphylococci (CoNS) are in-
volved (Kurd et al., 2010; Mittal et al., 2007). The recurrence of PJI
may be seen even with negative synovial fluid and intraoperative
periprosthetic tissue cultures at the time of reimplantation (Berbari
et al., 2007; Trampuz et al., 2007). Such clinical scenarios suggest the
inadequacy of our current tests to identify a persistent subclinical in-
fection. Given that microorganisms associated with a periprosthetic
joint infection may adhere to a prosthesis surface through biofilm

* Corresponding author at: IRCSS Istituto Ortopedico Rizzoli, Via Pupilli 1, 40136 Bologna, Italy.

E-mail address: andrea_sambri@libero.it (A. Sambri).

https://doi.org/10.1016/j.mimet.2018.12.006

Received 9 September 2018; Received in revised form 11 December 2018; Accepted 11 December 2018

Available online 12 December 2018
0167-7012/ © 2018 Elsevier B.V. All rights reserved.



A. Sambri et al.

formation, an improved detection strategy such as sonication of the
spacer may be useful (Trampuz et al., 2007; Sambri et al., 2018). Cul-
ture of samples obtained by sonication of the removed prosthesis has
been shown to be more sensitive than conventional tissue cultures
(Trampuz et al., 2007; Portillo et al., 2014; Puig-Verdie et al., 2013).
However, only a few small-scale series have investigated the use of
sonication of cement spacers (Nelson et al., 2014; Sorli et al., 2012;
Mariconda et al., 2013).

In this study we investigated if the sonication treatment could be
useful to identify bacteria from antibiotic-loaded cement spacers re-
moved at the second surgical stage during a two-stage exchange pro-
cedure. Moreover, the patients were followed up in order to verify
whether the risk of reinfection correlated to the microbiologic findings
at the time of prosthesis reimplantation.

2. Material and methods

Between June 2014 and July 2016, 253 patients underwent two-
stage revision surgery at our Institution (Istituto Ortopedico Rizzoli,
Bologna, Italy) for suspected PJI of the knee or the hip. Among these,
157 patients had a clinically confirmed infection according to criteria
defined by the Musculoskeletal Infection Society (MSIS) (Parvizi et al.,
2013) and were included in the present study (Fig. 1). The study was
approved by our institution ethics committee. Informed consent was
obtained from all patients enrolled.

Patients' characteristics are reported in detail in Table 1.

The average time between prosthesis implantation and the first
stage of two-stage procedure for PJI was 28months (range,
2-336 months). At surgery, the infected prosthesis was removed and
sent for sonication to the microbiology laboratory, followed by an ex-
tensive surgical debridement, irrigation and antibiotic-loaded (with
gentamicin) PMMA spacer implantation (Donati and Biscaglia, 1998;
Anagnostakos, 2017).

Empirical intravenous antibiotic therapy was started
traoperatively, after at least five tissue specimens were taken from re-
presentative areas within the effective joint space. All patients were
discussed at the multidisciplinary infection board and the antibiotic
therapy was given according to antibiotic sensitivity test (AST) when-
ever available.

After a minimum of 6 weeks from the first stage and after an “an-
tibiotic holiday” of 2weeks, if there was still clinical evidence of

PJI not confirmed (n=96)

in-

Prosthesis removal for suspected
PJI (n = 253)

Enrollment

PJI confirmed (n=157)

€ = Spacer not sonicated (n=0)
New spacer | | Spacer removal '_ > + <Stissue samples (n=0)
>
[ Prosthesis reimplantation ]
— —>
| No signs of infection (n=116) | | Pl relapse (n=32)

Lost to follow-up (n=9) |

Fig. 1. The flowchart shows enrolment and follow-up of the patients. According
to clinical and laboratory presentation, 253 patients had prosthesis removed for
a suspected prosthesis joint infection (PJI). Of these, 157 had PJI confirmed
according to the Musculoskeletal Infection Society (MSIS) criteria and were
included in the study.

Nine patients were lost to follow-up.

At final follow-up, 32 patients had a PJI relapse.
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Table 1
Patients' characteristics at baseline.

Patients characteristic (n =157)

Sex 93 female/64 male
Mean age (range), years 63 (21-93)

Mean ESR (range), mm/h* 22 (2-72)

Mean CRP (range), mg/dl” 1.2 (0.1-17.0)

Joints prosthesis 55 hip/102 knee

# At the time of the second stage intervention

persistent infection, the patient underwent repeat debridement and
spacer exchange and the antibiotic therapy was maintained. If no signs
of infection were observed and laboratory results did not suggest re-
sidual infection, the patient underwent the second stage of the pros-
thetic revision (prosthesis implantation) in the absence of antimicrobial
treatment.

At the time of cement-spacer removal, the spacer was removed in
the operating room under sterile conditions and transported to the
microbiology laboratory for sonication. Five separate biopsies from the
periprosthetic tissues were collected. In all the patients this specificy
diagnostic protocol was followed and none of them were excluded from
the study population. Homogenization of tissue samples was performed
in the original container, vortexing the specimen in 3 mL tryptic soy
broth. Each tissue specimen homogenate was inoculated in sheep blood
agar, thioglycollate broth medium, and tryptic soy broth. All the media
were incubated at 36 + 1°C for 7 days and examined daily for evi-
dence of growth. For isolation of individual colonies, aliquots from
enrichment broth tubes were spread using a sterile loop on Columbia
CNA blood agar, mannitol salt agar, MacConkey agar, and chocolate
agar and incubated at 36° = 1°C under aerobic conditions for 24 h.
They also were subcultured on chocolate agar under anaerobic condi-
tions for 72h at 36° = 1 °C. All the media were from Biolife Italiana
(Milan, Italy). Negative thioglycollate broth medium and tryptic soy
broth incubates were reincubated up to 14 days at 36° = 1°C and ex-
amined daily for evidence of growth. Identification and antimicrobial
susceptibility testing were performed with a MicroScan® WalkAway®
system (Beckman Coulter, Sacramento, CA, USA) (Sambri et al., 2018).

Homogenization of tissue samples was performed in the original
container, vortexing the specimen in 3 mL tryptic soy broth. Each tissue
specimen homogenate was inoculated in sheep blood agar, thiogly-
collate broth medium, and tryptic soy broth. All the media were in-
cubated at 36 = 1°C for 7 days and examined daily for evidence of
growth. For isolation of individual colonies, aliquots from enrichment
broth tubes were spread using a sterile loop on Columbia CNA blood
agar, mannitol salt agar, MacConkey agar, and chocolate agar and in-
cubated at 36° + 1°C under aerobic conditions for 24 h. They also
were subcultured.

on chocolate agar under anaerobic conditions for 72h at
36° = 1°C. All the media were from Biolife Italiana (Milan, Italy).
Negative thioglycollate broth medium and tryptic soy broth incubates
were reincubated up to 14 days at 36° = 1°C and examined daily for
evidence of growth. Identification and antimicrobial susceptibility
testing were performed with a MicroScan® WalkAway® system
(Beckman Coulter, Sacramento, CA, USA) (Trampuz et al., 2007).

Sonication was performed according to the technique of Trampuz
et al. (Berbari et al., 2007). Briefly, the container was filled with sterile
saline until the device was submersed, carefully sealed, vortexed, and
sonicated in an ultrasound bath (VWR International Srl, Milan, Italy)
for 5 min with a frequency of 40 kHz at room temperature. At the end of
sonication, the obtained fluids were collected in sterile tubes and cen-
trifuged at 3000 rpm for 10 min at room temperature. The pellet was
suspended in a volume of 2 mL of the same solution. A total of 100 mL
of each sample was plated on chocolate agar, sheep blood agar, and
inoculated in tryptic soy broth and thioglycollate broth medium. Sheep
blood agar was incubated aerobically, whereas chocolate agar plates
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were incubated in 5% CO, atmosphere at 36° = 1 °C for 7 days. Broths
were incubated for 7 and 14 days at36° + 1°C and, if negative, the
incubation was extended to 14 days and examined daily for evidence of
growth; terminal.

subcultures were performed. Subcultures and identification were
performed as previously described for the cultures performed on biopsy
specimen. Sonication fluids were considered positive if at least five
colonies grew on agar plates after 24 h and up to 7 days or if growth was
observed during broth enrichment.

After the microbiologic testing, persistent infection of the spacer
was defined according to the MSIS criteria (Parvizi et al., 2014). Results
obtained from cultures performed on sonicated fluid were considered
together with those from cultures performed on tissue samples (Sambri
et al., 2018). Tissue and sonication fluid cultures were scored as posi-
tive when at least one pathogen was identified (Staphylococcus aureus,
Pseudomonas aeruginosa and Enterobacteriaceae), or when two separated
cultures yielded a skin commensal organism (coagulase negative sta-
phylococci-CoNS or Propionibacterium acnes). (Osmon et al., 2013;
Societe de Pathologie Infectieuse de Langue F, 2010) The results ob-
tained with cultures of tissue samples and sonication fluids were com-
pared.

Successful eradication of the infection was defined as the absence of
clinical and/or laboratory evidence of infection at 6 months after the
second stage or at latest follow-up.

The sensitivity, specificity, positive predictive value (PPV) and ne-
gative predictive value (NPV) of tissue and sonication fluids cultures
were calculated and compared. Differences between the results ob-
tained were assessed with the McNemar test. Probability values < 0.05
were considered significant. All analyses were completed using the
Statistical Package for Social Science (SPSS Statistics for Windows,
Version 22.0; IBM Corporation, Armonk, NY, USA).

3. Results

A mean of 1.3 (range, 1-4) spacer per patient was performed.
Therefore, a total of 222 spacers were removed and analyzed. The mean
in-situ period of each spacer was 111 days (range, 45-173).

In 53 out of the 222 spacers analyzed, the infection was confirmed
according to the MSIS criteria. Among these infected spacers, in 48
cases the same pathogen that had caused the initial infection was iso-
lated.

Overall, cultures on periprosthetic tissue and on sonicated fluids
from the spacers yielded concordant results in 186 (83.8%) out of 222
cases. In details, 22/186 (11.8%) cases of infection were confirmed by
cultures from both periprosthetic tissues and fluids from sonication. In
164/186 (88.2%) cases both types of samples gave negative cultures. In
36 cases results of tissue and sonication cultures were discordant. More
specifically, 5 cases of infection were not confirmed according to the
MSIS criteria, while the remaining 31 patients had persistent infection.
Of these 31, 23 were identified according to the results of cultures from
periprosthetic tissue and 8 only from cultures performed on sonication
fluids from spacers.

The most commonly isolated pathogens were Gram positive pa-
thogens (20 strains of CoNS of which 10 were methicillin-resistant and
10 methicillin-sensitive). The remaining isolated strains included 2
methicillin-sensitive Staphylococcus aureus (MSSA, 3 isolates of
Enterococcus spp. in three and Pseudomonas aeruginosa was found in the
last 4 patients.

The sensitivity of cultures performed on periprosthetic tissues were
significantly higher than the value detected for cultures from sonication
fluids.

The specificity, positive predictive value (PPV) and negative pre-
dictive value (NPV) did not differ between tissue and sonication fluids
cultures (Table 2).

Nine patients were lost during the follow-up period.

At final follow-up (average 18 months, range 7-44) 109 patients
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had neither clinical nor laboratory signs of infection. Thirty-two pa-
tients (20.3%) had a PJI relapse. Twenty-three of these (71.8%) had
positive cultures (either on tissue specimen or sonication fluid) at the
time of reimplantation. A higher incidence of relapsing PJI was ob-
served in patients with a multiple spacer exchange due to the persistent
infection than those in which a single spacer was used (p = .021).

4. Discussion

The two-stage exchange is the standard in the treatment for PJI.
High frequency of success has been reported with this strategy, with an
eradication rate of both total knee arthroplasty (Jamsen et al., 2009)
and total hip arthroplasty (Senthi et al., 2011) infection of > 80%.
Despite the adoption of the two-stage exchange protocol, there are still
cases of persisting PJI where the cement spacer itself may act as a
biomaterial surface that facilitates the survival and proliferation of
microorganisms. (Neut et al., 2001) Hence, it is of paramount im-
portance to actively look for bacterial biofilm on the removed cement
spacer to determine whether the infection has been efficiently and
completely removed.

Surprisingly, we found a higher sensitivity of cultures performed on
periprosthetic tissues over cultures of sonicated fluids. These data dif-
fers from the results obtained previously with smaller patients series.
(Nelson et al., 2014; Mariconda et al., 2013) In the present study, all
spacers were removed after an “antibiotic holiday” of 2 weeks and this
might explain the higher performances of cultures from tissue samples
than previously reported (Portillo et al., 2014; Puig-Verdie et al., 2013).
Moreover, the quite high antibiotic concentrations released from the
cement spacer during sonication can be high enough to cause false-
negative results of cultures on spacer sonication fluid. (Mariaux et al.,
2018)

In addition, the very high diagnostic performances of cultures per-
formed on periprosthetic tissue samples might be explained by the fact
that a total of 5 specimens are currently harvested from each patient. It
was reported that the sensitivity of tissue cultures increases according
to the number of samples evaluated (Trampuz et al., 2007).

The sensitivity of cultures from sonication fluids from cement
spacers looks quite irrelevant for diagnostic purposes. Nevertheless, the
diagnosis of persistent infections was possible in 8 additional cases by
combining the use of cultures from sonicated fluids and periprosthetic
tissue specimens at second-stage surgery. This is indeed potentially
relevant finding, as subclinical infection is frequently associated with a
poor clinical outcome and the precise identification of the real status of
each infection plays a major role in the long-term prognosis of these
patients. In our opinion, sonication of cement spacers can be considered
an additional tool in the diagnostic workflow of persistent PJI during
the two-stage procedure. According to this statement the results ob-
tained from cultures performed on sonicated fluid from spacer could be
considered when analyzing the MSIS criteria to diagnose PJI.

We found that those patients who underwent more than one second-
stage surgery due to persistent infection had a higher risk of PJI re-
currence. This might be relevant in the choice of the prosthesis at the
time of reimplantation, as for example a knee arthrodesis can reduce
the risk of reinfection. (Gottfriedsen et al., 2016) Moreover, the early
identification of the pathogens involved in persistent infection after
reimplantation may help in giving pathogen specific suppressive anti-
biotic therapy as soon as possible after surgery. (Siqueira et al., 2015)

Selected cases of reinfection were caused by microorganisms that
were different from those involved in the primary original infection.
This is not surprising being a different etiology a common finding re-
ported in many studies evaluating the outcomes after management of
periprosthetic joint infections (Kurd et al., 2010; Mittal et al., 2007;
Haleem et al., 2004). It is therefore possible that some reinfections
resulted from of a novel pathogen introduction (Rakow et al., 2018)
rather than from a persistency of bacteria not originally detected by
standard intraoperative culture testing. A complex and prolonged
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Table 2

Performance of the diagnostic techniques.
Cultures type Tissue cultures Sonication fluid cultures P
Sensitivity [95% C.I.] 84.9% (45/53) [77.2-92.5] 56.6% (30/53) [48.8-63.2] < 0.001
Specificity [95% C.L] 99.4% (168/169) [95.4-100] 97.6% (165/169) [93.6-100] 0.824
Positive predictive value (PPV) 97.8% (45/46) 88.2% (30/34) 0.187
Negative predictive value (NPV) 95.5% (168/176) 87.7% (165/188) 0.161

2 McNemar test

surgery in patients undergoing multiple procedures is indeed associated
with a higher infection rate than for primary procedure.

Some limitations of this study must be addressed. At first this is a
study based on a retrospective cases series, with its inherent limitations.
In addition, cultures from both periprosthetic tissues and from sonica-
tion fluids of the spacers were included within the MSIS criteria for
infection, which in this study was used as the gold standard for the
presence or absence of infection and that do not presently specific how
to manage the results of the cultures used in this study from spacers. As
a consequence the lack of definite criteria to state the presence of re-
infection or complete cure is a potential criticism of the present and
every study evaluating PJI. Therefore, we used the MSIS criteria as the
gold standard for confirming the presence or absence of PJI even at the
stage of spacer removal (Parvizi et al., 2014). Furthermore, the lack of
longer-term clinical data did not allow us to confirm whether each
single patient with excluded PJI according to the MSIS criteria was later
developing a clinical infection. However, we don't think that a long-
term follow-up could be helpful in confirming real aseptic patients since
a late infection could also be absent at the time of the study but this
could develop later on.

In conclusion, the performances of cultures from sonication fluids of
cement spacers are lower than those reported for prosthesis (sensitivity
56.6% vs 89.0%) (Sambri et al., 2018). However, this procedure can be
considered as a complementary method that could help to unravel the
possible persistence of microorganisms on an antibiotic-loaded cement
spacer during a two-stages exchange protocol. The use of this technique
in addition to cultures on periprosthetic tissues may help to confirm
whether an infection has been definitely cleared, or whether further
therapeutic options, such as the early debridement of the revision
prosthesis, are necessary.
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