Section2  Treatment 873

2.4. TREATMENT: TWO-STAGE EXCHANGE

Authors: Paul Jutte, Hesham Abdelbary, Claudia Lowik

QUESTION 1: what factors may improve the outcome of a two-stage exchange arthroplasty in
patients with an infected oncologic endoprosthesis?

RECOMMENDATION: There are numerous factors that improve the outcome of two-stage exchange arthroplasty in general, and after
oncologic reconstruction in particular. These include host-related factors (such as host optimization by treating anaemia, malnutrition,
hyperglycemia, immunosuppressive state and so on), organism-related factors (such as administration of appropriate systemic and
local antibiotics) and surgery-related factors (such as aggressive debridement of soft tissue and bone, optimal soft tissue management

and prevention of postoperative complications).

LEVEL OF EVIDENCE: Limited

DELEGATE VOTE: Agree: 100%, Disagree: 0%, Abstain: 0% (Unanimous, Strongest Consensus)

RATIONALE

Surgical reconstruction using a mega-endoprosthesis after tumor
resection can be frequently associated with deep surgical site infec-
tion that leads to prosthetic joint infection (PJI). The prevalence of
PJI associated with oncologic endoprosthesis is 7-28% compared
to only 1-2% in primary joint replacements. Cancer patients are at a
higher risk for developing PJI after receiving an endoprosthesis due
to numerous risk factors, which lead to local and systemic immuno-
deficiency. These risk factors include chemotherapy, radiotherapy,
prolonged surgical time, increased bleeding, larger implant surface
area and compromised soft tissue envelope.

In case of an infected oncologic endoprosthesis, debridement,
antibiotics and implant retention (DAIR) can be performed, espe-
cially in early acute infections (< 3 months). If DAIR fails to eradicate
the infection, a two-stage revision is necessary. In literature, two-
stage revision is generally reported as a good surgical approach for
infection control with a reported success rate of 63-100% [1-6]. Eradi-
cation of infection is generally worse after a single-stage revision
and, of course, better after an amputation [4,7-9].

Although various studies assessed infection after oncologic
endoprostheses, only a few have specifically evaluated the efficacy
of DAIR or two-stage revision [2,3]. The factors associated with infec-
tion control in oncologic endoprostheses have been individually
discussed. After review of the literature, 41 articles were included in
our literature analysis. The most important study characteristics are
described in the evidence table.

Antibiotics

Little is known about the use of antibiotics in two-stage revision
for an infected oncologic endoprostheses. In all studies, antibiotic
regimens differed per patient according to culture results and local
protocol without specific details being provided. In general, antibi-
otics should be administered for three months, and the type of anti-
biotics is decided based on culture results, as well as the consultation
with an infectious disease specialist. There are no studies stating that
administering antibiotics longer than three months is necessary.
Regarding antibiotic prophylaxis, it is recommended to administer
prophylactic antibiotics for more than 24 hours, since a systematic
review of Racano et al. showed that this reduces the infection rate
from 13% to 8% [10]. Regarding the timing for reimplantation after PJI
treatment, there is no evidence for the optimal timing other than
waiting for completion of chemotherapy before reimplantation [11].

Chemotherapy

The influence of chemotherapy can be expected since it down
regulates the host defence mechanisms. However, this is not
uniformly reported in the assessed studies. Several studies found an
increased risk of developing an infection after implantation of an
oncologic endoprostheses in patients undergoing chemotherapy
[5,11,12]. However, other studies did not confirm this notion [8,13,14].
Because of the immunocompromised status of patients receiving
chemotherapy, it is advised to delay reimplantation until after
completion of chemotherapy [15].

Radiotherapy

Application of radiotherapy increases the risk of infection after
oncologic endoprosthesis [7,16]. Grimer et al. and Flint et al. found
a higher failure rate in patients who underwent radiotherapy [2,3].
Regarding timing of radiotherapy, postoperative radiation has
a bigger influence on the infection rate than preoperative radio-
therapy [16]. The success rate of DAIR procedures in which postoper-
ative radiotherapy had been applied was lower. Radiation influences
the quality of soft tissue and hampers local defence mechanisms.

Microorganisms

The most common microorganisms causing infection of onco-
logical endoprostheses are Staphylococcus aureus and coagulase nega-
tive staphylococci that account for > 50% of PJI. Many of the docu-
mented infections were also polymicrobial infection accounting
21-45% of cases [1,4,7,8,17]. There was no difference between monomi-
crobial and polymicrobial infections regarding cure rate [4]. A study
by Peel et al. demonstrated that the majority of infections were
caused by multi-resistant microorganisms [g]. Cure rates for DAIR as
well as for two-stage revision after PJI did not show any correlation
between the infecting organism and the success of eradicating the
infection [2]. It is important to note that the aforementioned results
are based on a small number of patients. Therefore, it is difficult to
draw firm conclusions that can be generalized to all cases of infec-
tion associated with oncologic endoprostheses.

Silver-coated Arthroplasty

Few studies have reported on the benefits of using silver-coated
endoprostheses to decrease the risk of developing PJI in patients
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treated for primary and metastatic bone cancer. Silver cations
possess bactericidal properties by disrupting cellular membrane
and DNA formation. Donati et al. and Wafa et al. reported a 50% less
incidence of PJIin patients treated with silver-coated megaprosthesis
compared to uncoated ones [12,18]. In addition, Wafa et al. showed
that the success rate of using DAIR as well as two-stage revision to
treat infected silver-coated megaprosthesis was significantly higher
than when used to treat infected uncoated implants [12]. Zajonz et
al. reported that reinfection rate after healed reinfection in the silver
group was slightly better than the non-silver group (40 vs. 57%) [19].

Hardes etal. showed thatsilver levels in the serum were detected
up to 24 months post implantation of sliver-coated prostheses [20].
Also, there were no reports of toxicity or adverse local tissue reaction
in patients treated with silver-coated implants. Despite these prom-
ising results, there are only a handful of studies that reported on
outcomes after using these coated implants.

DAIR

The DAIR procedure is one of the treatment approaches
described for PJlof endoprosthesesin cancer patients. However, treat-
ment outcomes after DAIR are highly variable and unpredictable in
an oncology setting. Success rates vary between 39-70% [1,9,12,17,21].
Reported factors that are associated with better outcomes after DAIR
include superficial early infection, short duration of symptoms, well-
fixed implants and well-characterized microbiology demonstrating
a highly susceptible pathogen [13,15,22]. Unfortunately, the studies
that reported on DAIR outcomes have a highly variable period of
clinical follow-up (34 months-1o years).
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QUESTION 2: what is the best reconstruction technique for an infected allograft?

RECOMMENDATION: The best reconstruction technique for an infected allograft is resection of the infected allograft and reconstruction

(preferable two-stage) with an endoprosthesis.

LEVEL OF EVIDENCE: Moderate

DELEGATE VOTE: Agree: 93%, Disagree: 0%, Abstain: 7% (Super Majority, Strong Consensus)

RATIONALE

Use of allograft in the reconstruction of a massive bone defect
created by resection of a tumor is frequently successful. However,
as with all tumor reconstruction methods, it is also plagued with
complications, infection being one of them. A number of obser-
vational studies have been published on the subject. The largest
case series by Mankin et al. described 121 allograft infections in 945
patients accounting to an infection rate of 12.8% [1]. The study did
not, however, address management of the infected allograft. A more
recent systematic review by Aponte et al. [2] reviewed the available
literature and infection rates reported in previous studies [3-7]. The
infection rate of allograft used after tumor resection ranged from
8.5% to 13.3%. The infection rate in their own series was 9% with 60
infections in 673 patients who received massive allografts after onco-
logical resections. Only 18% (11/60) of the patients in that cohort were
successfully treated by debridement and antibiotics with salvage of
the original allograft. Of the 41 patients who underwent two-stage
revision, 24 were revised with allograft and 17 with endoprostheses.
Reinfection occurred in 14 patients of which 12 were in the allograft
group and 2 were in the endoprostheses group. This demonstrated a
lesser rate of reinfection when revision to endoprostheses was done
as opposed to revision to another allograft.

Our search did not find any reports of revision to a vascularized
fibular autograft or treatment with bone transport. Although these
are both biological methods of reconstruction and their efficacy in

the treatment of bone defects created by trauma and infection as
well as for primary reconstruction following tumor resection is well
established [8,9].
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