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Characteristics and outcome of 27 elbow periprosthetic joint infections:
results from a |4-year cohort study of 358 elbow prostheses
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Abstract

Elbow arthroplasty is increasingly performed in patients with rheumatic and post-traumatic arthritis. Data on elbow periprosthetic
joint infection (PJI) are limited. We investigated the characteristics and outcome of elbow PJl in a |4-year cohort of total elbow arthro-
plasties in a single centre. Elbow prosthesis, which were implanted between 1994 and 2007 at Schulthess Clinic in Zurich, were retro-
spectively screened for infection. PJI was defined as periprosthetic purulence, the presence of sinus tract or microbial growth. A
Kaplan—Meier survival method and Cox proportional hazard analysis were performed. Of 358 elbow prostheses, PJI was identified in 27
(7.5%). The median patient age (range) was 61 (39-82) years; 63% were females. Seventeen patients (63%) had a rheumatic disorder
and ten (37%) had osteoarthritis. Debridement and implant retention was performed in 78%, followed by exchange or removal of the
prosthesis (15%) or no surgery (7%).The relapse-free survival (95% Cl) was 79% (63—95%) after | year and 65% (45-85%) after 2 years.
The outcome after 2 years was significantly better when patients were treated according to the algorithm compared to patients who
were not (100% vs. 33%, p <0.05). In 2| patients treated with debridement and retention, the cure rate was also higher when the algo-
rithm was followed (100% vs. | 1%, p <0.05). The findings of the present study suggest that the treatment algorithm developed for hip
and knee PJI can be applied to elbow PJI. With proper patient selection and antimicrobial therapy, debridement and retention of the

elbow prosthesis is associated with good treatment outcome.
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neuropathy and periprosthetic joint infection (PJl) remain a
continuous challenge [1,3,4].
Data on elbow PJl are limited because only small case

series were published, and non-uniform definitions and vari-
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able follow-up periods were used [5-10]. The incidence of
elbow PJI is reported to be in the range 3-11%, which is
higher than for hip or knee arthroplasties. Moreover, elbow
joints have several distinctive differences, such as no weight-

Introduction bearing function, and hence they seldom develop degenera-

tive arthritis, and have scarce surrounding soft tissue with a
higher risk for contiguous infection extending from tissue

Elbow arthroplasty is increasingly used for treatment of
post-traumatic arthritis and chronic inflammatory joint
disease, such as rheumatic and psoriatic arthropathy [I]. After
first successful implantation in the early 1970s [2], elbow
prostheses underwent continuous refinements with respect to
the implant design and surgical techniques. Currently, aseptic

dehiscence [5].

The optimal surgical and antimicrobial treatment approach
for elbow PJI has not yet been determined. Therefore, we
investigated the characteristics and outcome of elbow PJI in
a |4-year cohort of total elbow arthroplasties in a single cen-
tre. We specifically focused on the appropriateness of the
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treatment algorithm, which was developed for hip and knee
PJI [I1]. In this algorithm, the type of surgical procedure
(debridement and retention vs. a one or two stage
exchange) and the antimicrobial therapy (type of antibiotic
and duration) are defined by a combination of clinical, radio-
logical and microbiological criteria.

Patients and Methods

Study population

The Schulthess Clinic is a specialized 160-bed orthopaedic
centre and a reference institution for elbow surgery, including
primary and revision arthroplasties. A total of approximately
7500 surgical procedures are performed annually. All elbow
arthroplasties performed at the Schulthess Clinic, Zurich,
Switzerland, are consecutively included in the elbow cohort.
For the present study, all elbow prostheses implanted between
January 1994 and December 2007 were retrospectively
reviewed. All episodes, which fulfilled the predetermined
criteria for PJI (below) were included. In patients with sugges-
tive signs or symptoms for elbow PJl, at least one invasive
diagnostic attempt to detect the potential pathogen was
performed. The Infectious Diseases Service was consulted
throughout the study duration. The study protocol was
approved by the Institutional Review Board.

Definitions
Elbow PJI was diagnosed, if one or more of the following
criteria were fulfilled: (i) visible purulence of a preoperative
aspirate or intraoperative periprosthetic tissue (as determined
by the surgeon); (ii) presence of a sinus tract communicating
with the prosthesis; (iii) microbial growth in a preoperative
joint aspirate, intraoperative periprosthetic tissue or sonica-
tion fluid of the removed implant; or (iv) synovial fluid with
>1700 leukocytes/uL or >65% granulocytes, as determined in
previous studies for knee PJI [12]. Similar diagnostic criteria
for PJI were used in studies involving various types of joint
prostheses [I1,13—17]. Acute inflammation in periprosthetic
tissue sections was not used as diagnostic criterion in the
present study as a result of a high prevalence of underlying
rheumatologic joint disorders, which may mimic infection. For
low-virulent organisms, such as coagulase-negative staphylo-
cocci or Gram-positive anaerobes, growth of the same organ-
ism in at least two independent specimens was required.
According to the route of infection, episodes were classi-
fied as contiguous, perioperative or haematogenous [I8].
Contiguous infection was determined if skin breakdown
overlying the elbow prosthesis or preceding open trauma

occurred. Perioperative infections were classified into early
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(within 3 months after surgery) or delayed (3—24 months). A
haematogenous infection was diagnosed if blood cultures
were positive with a distant source or haematogenous seed-
ing was suspected by acute clinical presentation with fever,
pain and redness of the elbow joint in late infections.

Microbiological diagnosis

Aspirated fluid and intraoperative periprosthetic tissue speci-
mens were cultured on aerobic and anaerobic blood agar
plates, and incubated at 35°C for 7 days (until July 2006) or
for 10 days (after July 2006). In addition, thioglycollate broth
was cultured for |0 days. Isolated microorganisms were
identified and their antimicrobial susceptibility tested using
standard microbiological techniques.

In addition, elbow prostheses explanted after January 2007
were sent for sonication to improve the detection of biofilm
bacteria [15]. In brief, the explanted elbow prostheses was
aseptically removed in the operating room and transported
to the microbiology laboratory in air-tight polyethylene con-
tainers (Lock & Lock, Vetrag AG, Stifa, Switzerland). In the
microbiological laboratory, Ringer’s solution was added in
the containers and the prostheses were processed within
48 h of removal by vortexing (30 s) and sonication (I min)
using an ultrasound bath (BactoSonic, Bandelin GmbH, Berlin,
Germany; http://www.bactosonic.info) at a frequency of
40 + 2 kHz and a power density of 0.22 + 0.04 W/cm? The
resulting sonication fluid was vortexed again to homogenous-
ly distribute the sonication fluid, which was plated in aliquots
of 0. mL onto aerobic and anaerobic sheep blood agar
plates and 3 mL in 7 mL in thioglycollate broth. Cultures
were incubated at 37°C for 7 days and inspected daily for
bacterial growth.

Surgical treatment

The approach was individually determined at surgeon’s dis-
cretion. In the case of PJI, the type of revision was chosen
among three potential approaches: (i) debridement and
implant retention; (ii) one-stage; or (iii) two-stage exchange
of the implant. We retrospectively determined whether the
surgeon’s decision was in agreement with the treatment
algorithm for hip and knee PJI [I1]. According to this algo-
rithm, the least invasive surgical treatment should be used,
whereas retention of the implant is allowed only if all of the
following four conditions were fulfilled: (i) short duration of
infection, including early postoperative infection (within
3 months after surgery) or acute haematogenous infection;
(i) short duration of clinical signs (not longer than 21 days);
(iii) not severely damaged surrounding soft tissue; and (iv)
the availability of antimicrobial agents active against biofilms

(e.g. rifampin for staphylococci and quinolones for Gram-neg-
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ative rods). If one or more of these conditions were not ful-
filled, retention of the implant was considered inappropriate
and the implant needed to be exchanged. The exchange
could be accomplished in one stage (in the case of intact soft
tissue and the absence of difficult-to-treat organisms) or in
two stages (in all other situations). Difficult-to-treat organ-
isms included rifampin-resistant staphylococci, enterococci,
nutritionally variant streptococci (Abiotrophia and Granulicatel-
la spp.), quinolone-resistant Gram-negative rods and fungi.

Antimicrobial treatment

As for surgical treatment, we retrospectively determined
whether the antimicrobial therapy was in agreement with
the treatment algorithm [l 1]. The appropriateness of the
antimicrobial regime was determined according to the type
of organism, its susceptibility and the chosen surgical modal-
ity [11]. Antimicrobial treatment was considered appropriate,
if an initial intravenous treatment was administered for initial
2 weeks, followed by oral treatment. The total duration of
antimicrobial treatment was 3 months if the implant was
retained or a two-stage exchange with short interval
(2 weeks) was performed. In this case, a rifampin-combina-
tion regime was required for staphylococcal PJI. In case of
two-stage exchange with long interval, antimicrobial treat-
ment was administered for at least 6—8 weeks (rifampin was
not required), followed by an antibiotic-free period of at

least 2 weeks before reimplantation.

Outcome evaluation

Patients were evaluated regarding signs and symptoms of
infection and functional outcome in the orthopaedic outpa-
tient clinic during regularly scheduled visits at 3 months,
6 months, and |, 2, 5 and 10 years after surgery. Only
patients with at least | year of follow-up were evaluated
in the present study. Follow-up evaluations included clinical
examination, laboratory investigations and plain X-ray of
the prosthetic elbow (at the discretion of the orthopaedic
surgeon). In addition to orthopaedic follow-up, patients
with elbow PJI were independently contacted by phone by
one of investigators (Y.A.) and specifically interviewed
for signs and symptoms of PJI, such as pain, redness or
swelling.

Statistical analysis

The probability of relapse-free survival and the 95% Cl was
estimated using the Kaplan—Meier survival method. Cox pro-
portional hazard analysis was used for comparison of
relapse-free survivals of subgroups. Statistical calculations
were performed with the SAS software package, version 8.2
(SAS Institute Inc., Cary, NC, USA) and graphic analysis was

conducted using ORIGINPRO, version 8 (Origin Lab Corp.,
Northampton, MA, USA).

Results

Characteristics of 358 patients included in the elbow cohort
Underlying joint disorders were rheumatic disease in 203
episodes (57%) and osteoarthritis in 155 episodes (43%)
(Table I). At the time of implantation, no differences were
observed regarding patient age, gender, underlying joint dis-
order or type of arthroplasty between patients who have

developed elbow PJI and those which have not.

Characteristics of 27 patients with elbow PJI

Of 358 cases, 27 (7.5%) developed elbow PJI (median age at
the time of infection was 61 years, range 39-82 years, 63%
were females). In 24 of 27 cases (88%) a Gschwend—Scheier—
Bihler 1l (GSB Ill) elbow prosthesis was implanted [19]
(Table 2). The median time between the last surgical proce-
dure of the elbow and time of infection was 6 months
(range 0.6—162 months). The median time from primary
implantation to time of infection was 45 months (range 0.6—
183 months).

Microbiology

In the majority (26 of 27 patients), microbial growth was
detected preoperatively and/or intraoperatively. In the one
patient with negative cultures, sinus tract with purulent dis-
charge was observed and intraoperatively abundant pus
around the prosthesis was noted. Table 3 summarizes the
causing microorganisms. In five patients, S. aureus was found
as the cause of haematogenous infection. Microbiological

TABLE I. Characteristics of 358 elbow prostheses at time

of implantation, which were included in the elbow cohort

Characteristics Value

Median age (range), years
Female gender
Underlying joint disorder

60 (20-83)
216 (60%)

Rheumatic 203 (57%)
Rheumatoid arthritis 196
Psoriasis arthropathy 7

Osteoarthritis 155 (43%)
Post-traumatic arthritis 92
Primary osteoarthritis 13
Other 49

Type of arthroplasty
Primary 262 (68%)
Revision® 96 (32%)

Values are given as n (%), if not indicated otherwise.

?Revisions not as a result of infection included a total exchange of the elbow
prosthesis (n = 76), elongation of the ulnar component (n = 15) and partial
exchange of the ulnar component (n = 5).
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diagnosis was made by periprosthetic tissue biopsies in |8
(66%), intraoperative swabs in three (l1%), synovial fluid in
six (21%) and sonication fluid culture in one (4%).

Treatment strategy

Surgical treatment modalities are summarized in Table 2. In
78% of cases (n = 21I), debridement and implant retention
was performed; in four cases, the prosthesis was exchanged
in one (n=1) or two stages (n = 2), one prosthesis was

TABLE 2. Characteristics of 27 episodes of elbow peripros-
thetic joint infection (PJI)

Characteristics Number (%) of episodes

Median age (range), years 6l (39-82)
Female 17 (63%)
Underlying joint disorder

Rheumatic 17 (63%)

Osteoarthritis 10 (37%)
Type of arthroplasty

Primary 19 (70%)

Revision 8 (30%)
Type of elbow prosthesis

GSB Il 24 (88%)

Coonrad-Morrey 2 (7%)

Discovery | (4%)
Manifestation of PJI after last surgery

Early (<3 months) 14 (48%)

Delayed (3-24 months) 3 (11%)

Late (>24 months) 11 (40%)
Route of infection

Haematogenous 8 (30%)

Perioperative 16 (59%)

Contiguous® 3(11%)
Surgical treatment

Debridement with implant retention 21 (78%)

One-stage exchange | (4%)

Two-stage exchange® 2 (7%)

Resection arthroplasty 1 (4%)

No surgery (antibiotics only) 2 (7%)

GSB, Gschwend-Scheier—Bihler [19].

2Skin breakdown was present in the region overlying the prosthesis.

"Both patients with a two-stage exchange had an implant-free interval of 16 and
28 weeks, respectively.

TABLE 3. Microbiology of 27 episodes of elbow peripros-

thetic joint infection

Microbiological characteristics Number (%) of episodes

Single microorganism

Staphylococcus aureus® 11 (41%)
Coagulase-negative staphylococci® 9 (33%)
Streptococcus agalactiae 2 (7%)
Enterobacter cloacae 1 (3.7%)
Corynebacterium pseudodiphtheriticum 1 (3.7%)
Polymicrobial® 2 (7%)
No organism I (3.7%)

Percentages are rounded and may not add up to 100%.

*No methicillin-resistance was observed in S. aureus.

®Staphylococcus epidermidis (n = 6), Staphylococcus capitis (n = 2), Staphylococcus
caprae (n = 1). Methicillin-resistance was observed in eight of || (73%) isolates
of coagulase-negative staphylococci (including those from polymicrobial infec-
tions).

“Methicillin-resistant S. epidermidis and E. cloacae in one episode; methicillin-resis-
tant S. epidermidis and S. aureus (methicillin-susceptible) in one episode.

©2010 The Authors

resected (no reimplantation) and, in two cases, no surgery
was performed (only antibiotics). Both patients with a two-
stage exchange had an implant-free interval of 16 and
28 weeks, respectively; both received prolonged antimicrobial
therapy for 3 months followed by an antibiotic-free interval
prior to reimplantation. The medium duration of antimicro-
bial therapy was 3 months with a range of 0.5-16 months.
Initially, intravenous therapy of at least 2 weeks was adminis-
tered in 24 of 27 cases (89%). All patients received a combi-
nation therapy with rifampin, if staphylococci were isolated
and the prosthesis was retained (Table 4).

Outcome evaluation

At follow-up, 19 (70%) patients were free of infection (med-
ian follow-up time 2.7 years, range 1.0-11.3 years) and eight
(30%) had a relapse (median time to relapse 0.56 years,

TABLE 4. Intravenous and oral antimicrobial treatment of

27 episodes of elbow periprosthetic joint infection

Intravenous antimicrobial

treatment Oral antimicrobial treatment
Number Number
Antibiotic (s) of cases Antibiotic (s) of cases
Amoxicillin-clavulanate/ 7 Ciprofloxacin/rifampin 14
rifampin
Flucloxacillin/rifampin 8 Levofloxacin/rifampin 4
Vancomycin/rifampin 6 Linezolid |
Vancomycin/impenem/ | Amoxicillin 2
rifampin
Imipenem/rifampin | Fucidin/rifampin |
Teicoplanin | Ciprofloxacin !
Amoxicillin- |
clavulanate/rifampin
No intravenous therapy B No oral therapy B

Probability of relapse-free survival

0.4
0.2
0.0
T T 1
0 1 2 3
Time of diagnosis of infection (years)
No. at risk 27 22 19 19

FIG. |. Relapse-free survival of 27 elbow periprosthetic joint infec-
tion. The dotted lines represent the 95% CI. The relapse-free sur-
vival (95% Cl) was 79% (63-95%) after | year and 65% (45-85%)

after 2 years.
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range 0.1-1.3 years. Fig. | shows a relapse-free survival of 4100 e
elbow PJI, which was 79% (95% Cl 63-95%) after | year and 3 (1) According to algorithm
65% (95% Cl 45-85%) after 2 years. Among 21| patients trea- 5 % ~ (2) Not according to algorithm
ted with debridement and retention, |3 cases (62%) were % 064
free of infection and eight cases (38%) experienced a relapse g p<0.05
of the infection. Overall, five of 27 (19%) patients with PJI % 0.4
died; one patient due to infectious endocarditis with second- %
ary haematogenous elbow PJI, two due to sepsis of the hip g 021
or knee PJI and two for non-infectious reasons. 00

Patients without a relapse of infection were interviewed 0 1 2 3
regarding functional outcome in January 2009. The majority No.atrisk (1) 15 Time OZ?QMSB Ofinfemion;?ars) 5
of patients (I3 of 19; 68%) were satisfied with the function No. at risk (2) 12 7 4 4

of the elbow prosthesis and did not report any local
inflammatory symptoms. Two patients complained about
diminished muscle strength and one patient reported persis-
tent joint effusion; all three were without suspicion of
elbow PJI.

Evaluation of the treatment outcome with respect to the
treatment algorithm

If the treatment algorithm was followed (in 15 episodes), the
relapse-free survival was 100%. By contrast, if the algorithm
was not followed (in |12 episodes), the relapse-free survival
was 58% after | year and 33% after 2 years (Fig. 2)
(p <0.05). In 21 patients treated with debridement and
retention, the cure rate was higher when the algorithm was
followed (12 of 12 cases; 100%) than in patients where the
algorithm was not followed (one of nine; 11%) (p <0.05).

In all eight patients with infection relapse, either antimi-
crobial therapy or surgical procedure (or both) was not in
accordance with the recommended algorithm (Table 5). In
patients with an infection relapse, debridement and implant
retention was performed instead of two-stage exchange
(two patients with delayed, three with late contiguous infec-
tion and one patient with early infection but duration of

FIG. 2. Relapse-free survival of elbow periprosthetic joint infection
stratified if treated (n = 15) or not (n = 12) according to the treat-
ment algorithm. The outcome after 2 years was significantly better
when treated according to the algorithm than in patients who were
not (100% vs. 33%, p <0.05).

symptoms of more than 3 weeks). Moreover, a shorter then
suggested antimicrobial treatment duration was used
(2 months instead 3 months) in episodes with debridement
and retention or the patient prematurely discontinued the
antibiotic therapy.

Discussion

No standard surgical and antimicrobial treatment standard
approach exists for elbow PJI. Therefore, we retrospectively
investigated elbow PJI in a cohort of 358 elbow arthroplasty
during a |4-year-period in a single institution. The infection
rate of elbow Pl was 7.5%. This is comparable to the rates
reported by Morrey et al. [8] (9%), Wolfe et al. [9] (7.3%)
and Schmidt etal [4] (10.3%), and is higher than that
reported by Yamaguchi etal [7] (3.2%) and Gille et al

TABLE 5. Elbow periprosthetic joint infection (PJI) with relapse of infection: differences between recommended and per-

formed antimicrobial and surgical procedure

Number Type of infection®

Infecting organism initially Infecting organism at relapse = Recommended procedure Performed procedure

| Early (2 months) Staphylococcus aureus S. aureus AB 3 months AB 2 months

2 Early (I months) Staphylococcus agalactiae S. agalactiae AB 3 months Noncompliance for AB

3 Early, symptoms >3 weeks, CNS, Enterobacter cloacae E. cloacae 2-stage exchange Debridement and retention

soft tissue-compromised
4 Delayed (6 months) CNS CNS 3 months Retention, AB 2 months
5 Delayed (8 months) E. cloacae Mixed (E. cloacae, CNS) 2-stage exchange, Retention, AB | months
AB 3 months

6 Late contiguous (8.7 years) CNS CNS 2-stage exchange Retention

7 Late contiguous (9 years) CNS Mixed (CNS, Micrococcus spp.) 2-stage exchange Retention

8 Late contiguous (4.2 years) CNS CNS 2-stage exchange Retention, no intravenous
therapy

CNS, coagulase-negative staphylococci; AB, antibiotics.

*Time (in parenthesis) denotes the duration between elbow implantation and the manifestation of elbow PJI.
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(1.9%) [6]. The higher infection rates in elbow arthroplasty
compared to hip (<I1%) and knee prostheses (<2%) may be
due to several reasons. First, the main reason for a hip or
knee arthroplasty is the degenerative osteoarthritis, whereas,
in elbow arthroplasties, the main underlying disorder is rheu-
matic or post-traumatic osteoarthritis. Rheumatic disorders
are associated with a higher risk for infection as a result of
chronic inflammatory progress and immunosuppressive treat-
ment [5,6,20]. Second, the subcutaneous placement and lack
of muscle coverage of the elbow prosthesis provides little
protection against contiguous infection after bursitis or skin
breakdown. Third, soft tissue is more vulnerable and prone
to infections in patients with post-traumatic or rheumatologic
arthritis than in healthy individuals [4]. And last, multiple
reconstructive procedures prior to elbow arthroplasty for
posttraumatic osteoarthritis are associated with a higher risk
of infection.

In the present study, the most frequently isolated patho-
gen was S. aureus (41%) followed by coagulase-negative
staphylococci (33%), which is in accordance with other stud-
ies [6,7,9,10]. Interestingly, no Propionibacterium acnes was
isolated despite the optimized diagnostic procedure. We
speculate that lower density of sweat glands at the elbow
region compared to shoulder may explain this difference
[21,22].

The relapse-free-survival in the present study was 65% at
2 years. All eight relapses occurred within 15 months of anti-
biotic treatment. Furthermore, the cure rate at 2 years was
only 33% when the algorithm was not followed compared to
100% when the treatment was in agreement of the algorithm
(p <0.05). This observation is important because the algo-
rithm was developed for treatment of hip and knee PJl and
has never been evaluated in patients with elbow PJI. Patients
with elbow arthroplasty might represent a unique population
as a result of technical challenges in revision surgery and the
underlying comorbidity. The results are especially important
in patients treated with debridement and retention of the
prosthesis, in whom the cure rate was also significantly
higher when the algorithm was followed than in patients
where the algorithm was not followed (100% vs. 11%,
p <0.05).

The algorithm was developed on the basis of studies per-
formed in vitro, animal models of foreign body infections
[23,24] and clinical studies [25,26]. The cure rate in other
studies following the algorithm was 94.3% after knee arthro-
plasty [27], 83% [28] and 91% [29] after hip arthroplasty,
and 100% in a population with different orthopaedic devices
[26]. However, when the algorithm was not followed, the
cure rates were significantly lower, in the range 57-60%

[27,30]. The most common deviations from the proposed

©2010 The Authors

algorithm were the improper selection of patients for
implant retention (e.g. loose implants in delayed infections)
or a lack of use of rifampin-containing regimens in staphylo-
coccal PJl (7-9). Rifampin is an essential factor for the eradi-
cation of staphylococcal biofilms when prosthesis retention
is attempted or a two-stage exchange with a short interval is
used.

A strength of the present study is the systematic analysis
of a cohort of 358 elbow arthroplasties in a single centre
with four dedicated elbow surgeons using similar surgical
techniques and postoperative management. Limitations are
the retrospective design and the low number of patients
with a relapse of infection, which does not allow risk factor
analysis. Nevertheless, the present study suggests a high
probability of long-term success if the treatment algorithm is
followed. This finding needs to be confirmed in larger

cohorts with a longer follow-up period.

Acknowledgements

We thank Dr Werner Zimmerli for providing useful com-
ments. This work was supported by the Hans-Paul Walchli
Foundation for Research (Lugano, Switzerland), the Swiss
National  Science  Foundation  (K-32KI_120531 and
CR32I3_130676) and the Gebert Ruf Stiftung (GRS 079/06).

Transparency Declaration

None reported. No conflicts of interests.

References

. Loehr JF, Gschwend N, Simmen BR, Katzer A. [Endoprosthetic sur-
gery of the elbow]. Orthopade 2003; 32: 717-722.

2. Morrey BF, Bryan RS. Total joint arthroplasty. The elbow. Mayo Clin
Proc 1979; 54: 507-512.

3. Gschwend N. Present state-of-the-art in elbow arthroplasty. Acta Ort-
hop Belg 2002; 68: 100-117.

4. Schmidt K, Hilker A, Miehlke RK. [Differences in elbow replacement
in rheumatoid arthritis]. Orthopade 2007; 36: 714-722.

5. Ikavalko M, Belt EA, Kautiainen H, Lehto MU. Revisions for aseptic
loosening in Souter—Strathclyde elbow arthroplasty: incidence of revi-
sions of different components used in 522 consecutive cases. Acta
Orthop Scand 2002; 73: 257-263.

6. Gille J, Ince A, Gonzalez O, Katzer A, Loehr JF. Single-stage revision
of peri-prosthetic infection following total elbow replacement. | Bone
Joint Surg Br 2006; 88: 1341—1346.

7. Yamaguchi K, Adams RA, Morrey BF. Infection after total elbow
arthroplasty. | Bone Joint Surg Am 1998; 80: 481—491.

8. Morrey BF, Bryan RS. Infection after total elbow arthroplasty. | Bone

Joint Surg Am 1983; 65: 330-338.

Journal Compilation ©2010 European Society of Clinical Microbiology and Infectious Diseases, CMI



CMI

Achermann et al. Periprosthetic elbow infection 7

20.

. Wolfe SW, Figgie MP, Inglis AE, Bohn WW, Ranawat CS. Manage-

ment of infection about total elbow prostheses. | Bone Joint Surg Am
1990; 72: 198-212.

. Cheung EV, Adams RA, Morrey BF. Reimplantation of a total elbow

prosthesis following resection arthroplasty for infection. | Bone Joint
Surg Am 2008; 90: 589-594.

. Zimmerli W, Trampuz A, Ochsner PE. Prosthetic-joint infections. N

Engl | Med 2004; 351: 1645-1654.

. Trampuz A, Hanssen AD, Osmon DR, Mandrekar |, Steckelberg M,

Patel R. Synovial fluid leukocyte count and differential for the diagno-
sis of prosthetic knee infection. Am | Med 2004; 117: 556-562.

. Ghanem E, Parvizi ], Burnett RS et al. Cell count and differential of

aspirated fluid in the diagnosis of infection at the site of total knee
arthroplasty. | Bone Joint Surg Am 2008; 90: 1637—1643.

. Schinsky MF, Della Valle CJ, Sporer SM, Paprosky WG. Perioperative

testing for joint infection in patients undergoing revision total hip
arthroplasty. | Bone Joint Surg Am 2008; 90: 1869—1875.

. Trampuz A, Piper KE, Jacobson M] et al. Sonication of removed hip

and knee prostheses for diagnosis of infection. N Engl | Med 2007;
357: 654-663.

. Trampuz A, Osmon DR, Hanssen AD, Steckelberg JM, Patel R.

Molecular and antibiofilm approaches to prosthetic joint infection.
Clin Orthop Relat Res 2003; 414: 69-88.

. Achermann Y, Vogt M, Leunig M, Wiist ], Trampuz A. Improved diag-

nosis of periprosthetic joint infection by multiplex PCR of sonication
fluid from removed implants. J Clin Microbiol 2010; 48: 1208—1214.

. Trebse R, Pisot V, Trampuz A. Treatment of infected retained

implants. | Bone Joint Surg Br 2005; 87: 249-256.

. Gschwend N, Loehr ], Ivosevic-Radovanovic D, Scheier H, Munzinger

U. Semiconstrained elbow prostheses with special reference to the
GSB Il prosthesis. Clin Orthop Relat Res 1988; 232: 104-111.

Berbari EF, Osmon DR, Duffy MC et al. Outcome of prosthetic joint
infection in patients with rheumatoid arthritis: the impact of medical
and surgical therapy in 200 episodes. Clin Infect Dis 2006; 42: 216-223.

2

22.

23.

24.

25.

26.

27.

28.

29.

30.

. Topolski MS, Chin PY, Sperling JW, Cofield RH. Revision shoulder

arthroplasty with positive intraoperative cultures: the value of preop-
erative studies and intraoperative histology. | Shoulder Elbow Surg
2006; |5: 402—406.

Piper KE, Jacobson MJ, Cofield RH et al. Microbiologic diagnosis of
prosthetic shoulder infection using implant sonication. J Clin Microbiol
2009; 47: 1878-1884.

Zimmerli W, Frei R, Widmer AF, Rajacic Z. Microbiological tests to
predict treatment outcome in experimental device-related infections
due to Staphylococcus aureus. | Antimicrob Chemother 1994; 33: 959—
967.

Schwank S, Rajacic Z, Zimmerli W, Blaser J. Impact of bacterial bio-
film formation on in vitro and in vivo activities of antibiotics. Antimic-
rob Agents Chemother 1998; 42: 895-898.

Widmer AF, Gaechter A, Ochsner PE, Zimmerli W. Antimicrobial
treatment of orthopedic implant-related infections with rifampin
combinations. Clin Infect Dis 1992; 14: 1251-1253.

Zimmerli W, Widmer AF, Blatter M, Frei R, Ochsner PE. Role of
rifampin for treatment of orthopedic implant-related staphylococcal
infections: a randomized controlled trial. Foreign-Body Infection (FBI)
Study Group. JAMA 1998; 279: 1537—1541.

Laffer RR, Graber P, Ochsner PE, Zimmerli W. Outcome of pros-
thetic knee-associated infection: evaluation of 40 consecutive epi-
sodes at a single centre. Clin Microbiol Infect 2006; 12: 433—439.
Giulieri SG, Graber P, Ochsner PE, Zimmerli W. Management of
infection associated with total hip arthroplasty according to a treat-
ment algorithm. Infection 2004; 32: 222-228.

Tsukayama DT, Estrada R, Gustilo RB. Infection after total hip
arthroplasty. A study of the treatment of one hundred and six infec-
tions. | Bone Joint Surg Am 1996; 78: 512-523.

Betsch BY, Eggli S, Siebenrock KA, Tauber MG, Muhlemann K.
Treatment of joint prosthesis infection in accordance with current
recommendations improves outcome. Clin Infect Dis 2008; 46: 1221—
1226.

©2010 The Authors

Journal Compilation ©2010 European Society of Clinical Microbiology and Infectious Diseases, CMI



