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Section 1

Prevention

1.1. PREVENTION: ANTIBIOTIC PROPHYLAXIS

Authors: Christina Gutowski, Michelle Ghert, Qiaojie Wang

QUESTION 1: Is there a correlation between operative time and the risk of subsequent surgical 
site infection/periprosthetic joint infection (SSI/PJI) in patients undergoing tumor resection and 
endoprosthetic reconstruction? If so, should postoperative antibiotics be prolonged in these 
patients?

RECOMMENDATION: Based largely on the arthroplasty literature, there is considerable evidence that prolonged operative time is associated 
with an increased risk for postoperative infection. However, there is insuffi  cient evidence to suggest that a prolonged postoperative antibiotic 
regimen can mitigate this risk. Therefore, there is no evidence to support prolonged postoperative antibiotics in orthopaedic oncology patients 
undergoing surgeries of prolonged duration. If the duration of the procedure exceeds two half-lives of the prophylactic antimicrobial, intraopera-
tive redosing is needed to ensure adequate serum and tissue concentrations of the antimicrobial. 

LEVEL OF EVIDENCE: Moderate

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

RATIONALE

A thorough literature search was conducted using PubMed, Google 
Scholar and the Cochrane database. Search terms included “infec-
tion,” “surgical duration,” “surgical time,” “operative duration,” 
“orthopaedic,” “resection,” “reconstruction,” “endoprosthesis,” “anti-
biotic duration” and “postoperative antibiotic” in various combina-
tions. The majority of articles found did not specifi cally focus on 
orthopaedic oncology patients. 

Several studies support the hypothesis that prolonged surgical 
time was associated with increased risk of postoperative SSI. In a 
systematic review conducted by Cheng et al. [1], 4343 studies initially 
identifi ed were narrowed down to 81, many of which demonstrated 
nearly double the infection risk in cases that exceeded cutoff  times 
of 1-4 hours, and almost threefold the risk in surgeries exceeding 5 
hours. When all included studies were pooled, the authors observed 
the risk of SSI to increase by 5% for every 10 minutes of surgery, 13% 
for every 15 minutes, 17% for every 30 minutes, and 37% for every 60 
minutes. Based on the seven orthopaedic-specifi c studies included 
in their review, they found a statistically signifi cant association 
between operative duration and infection with an 84% increased like-
lihood of SSI when operative time exceeded diff erent cut-off  points 
(p = 0.0003). 

In the arthroplasty literature, although some articles have 
demonstrated an association between prolonged operative time 
and increased risk of postoperative infection, it remains controver-
sial whether increased operative time is an independent risk for 
SSI/PJI. Previous studies using administrative or registry databases 
have linked increased operative time to periprosthetic infection 
after total joint arthroplasty (TJA) with statistical signifi cance [2–6]. 
However, the fi ndings of these studies were limited by the signifi -
cant heterogeneity of their samples and varying defi nitions for PJI 
as well as the defi nitions for operative time. Using data from a single 
institution, Peersman et al. [7] observed the risk of infection to 
increase signifi cantly in total knee arthroplasty if the surgery took 
longer than 2.5 hours. They also investigated the impact of 24 vs. 48 

hours of postoperative antibiotics on mitigating this increased risk 
and found no diff erence in the two antibiotic regimens. An epide-
miological study of over 2,000 patients who underwent orthopaedic 
surgery in China also demonstrated that surgical time longer than 
three hours was an independent risk factor for development of SSI, 
with an odds ratio of 3.633 [8]. Pulido et al. corroborate these fi nd-
ings, showing that on univariate analysis longer operative time had 
statistically signifi cant association with periprosthetic infection in 
9,245 hip and knee replacement patients, but multivariate analysis 
adjusted for confounding factors revealed that operative time was 
not an independent predisposing factor for PJI [9]. In contrast, there 
are studies that failed to demonstrate such a correlation and even 
found an inverse relationship between operative time and PJI [10–14].

In the orthopaedic oncology patient, risks are even higher 
considering that patients are often immunocompromised and 
tumor resection can create a large dead space contributing to devel-
opment of infection. The overall incidence of SSI in cases of malig-
nant musculoskeletal tumors is reported as greater than 12% in some 
studies [15] and approximately 10% according to a large systematic 
review and meta-analysis [16]. Nagano et al. [15] demonstrated in 
their series of 457 patients with benign or malignant musculoskel-
etal tumors that duration of surgery is a signifi cant risk factor in 
acquiring SSI (using threshold of 355 minutes), with an odds ratio 
of 6.06. Li et al. [17] reviewed a series of 53 patients with osteogenic 
sarcoma who underwent resection and segmental replacement, 
demonstrating a postoperative infection rate of 7.5%, much higher 
than primary arthroplasty. They utilized an antibiotic regimen 
consisting of three days of intravenous antibiotics followed by fi ve 
days of oral antibiotics for all of the patients, and the authors were 
unsure whether this made a meaningful diff erence. In patients 
undergoing allograft reconstructions, the infection rate is also 
high: Tann and Mankin demonstrated a 9% infection rate in their 
series with the duration of the operative procedure to signifi cantly 
increase the infection rate [18]. 
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Surgeons have att empted to mitigate infection rates in 
high-risk patients by administering postoperative antibiotics 
for a prolonged period; largely, the effi  cacy of this strategy is 
not borne out in the literature. Aponte-Tinao et al. [19] report 
an overall infection rate of 9% in their series of 673 patients who 
underwent massive allograft reconstruction after tumor resec-
tion. Interestingly, a longer period of postoperative antibiotics 
was found to be a risk factor in development of infection. In the 
arthroplasty literature, there has also been no benefi t associated 
with prolonged postoperative antibiotic use: Nelson et al. [20] 
argue that the optimal duration of antibiotics after surgery is 
24 hours, as the risk of SSI did not decrease in their randomized 
controlled trial comparing that to a 7-day regimen. International 
Consensus Meeting on Periprosthetic Infections in 2013 recom-
mended the use of 1 dose preoperatively and 24 hours of coverage 
postoperatively [21]. Although the Centers for Disease Control and 
Prevention recently released their 2017 Guideline for the Preven-
tion of Surgical Site Infection [22], which recommends against the 
use of postoperative prophylactic antibiotics, including patients 
undergoing total joint arthroplasty, the American Association of 
Hip and Knee Surgeons (AAHKS) does not agree with this recom-
mendation [23]. At this time, the AAHKS recommends postopera-
tive antibiotics be continued for 24 hours and supports further 
research to determine whether shorter duration antibiotic treat-
ment is safe and eff ective. Both the Board of Counselors and Board 
of Specialty Societies of the AAOS have endorsed this AAHKS 
recommendation through an advisory opinion; the American 
Academy of Orthopaedic Surgeons’ Board of Directors adopted that 
advisory opinion in June 2017 [23]. In their comprehensive publica-
tion of clinical practice guidelines for antimicrobial prophylaxis 
in surgery, Bratzler et al. [24] recognize that duration of surgery 
is a risk factor for SSI but maintain the recommendation that the 
duration of postoperative antibiotics for orthopaedic procedures 
should be less than 24 hours. In cardiothoracic procedures in 
particular, the exception is made for a recommendation of up to 
48 hours. Orthopaedic oncology patients undergoing prolonged 
surgical resection and reconstruction are not listed as an excep-
tion, despite their increased risks as outlined above. An ongoing 
large international randomized controlled trial, the Prophylactic 
Antibiotic Regimens in Tumor Surgery (PARITY) has published 
its feasibility pilot [25] and is scheduled to complete enrolment 
of 600 patients by the end of 2019 (NCT01479283). The study will 
determine if fi ve days of postoperative antibiotics reduces infec-
tion rates compared to one day of postoperative antibiotics in the 
orthopaedic oncology population. 

Although a longer period of postoperative antibiotics is not 
recommended by the guidelines [22–24], intraoperative redosing is 
needed to ensure adequate serum and tissue concentrations of the 
antimicrobial if the duration of the procedure exceeds two half-lives 
of the antimicrobial or there is excessive blood loss (i.e., > 1,500 mL). 
The redosing interval should be measured from the time of admin-
istration of the preoperative dose, not from the beginning of the 
procedure. 
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QUESTION 2: Should factors like preoperative radiation, soft tissue vs. bone resection, presence 
of metal vs. structural allograft and other factors infl uence the dose and duration of antibiotic 
prophylaxis?

RECOMMENDATION: Unknown. Evidence and guidelines directing the prescription of prophylactic antibiotic regimens in musculoskeletal 
tumor surgery are lacking. Although long-term antibiotic prophylaxis may decrease the risk of deep infection, there is not suffi  cient evidence to 
recommend the use of anything other than routine antibiotic prophylaxis for patients undergoing major reconstruction.

LEVEL OF EVIDENCE: Limited

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

RATIONALE

Limb salvage and reconstruction using endoprostheses or bulk 
bone allografts have become standard of care for the management 
of bone tumors. In order to minimize peri- and postoperative risk 
for periprosthetic joint infection (PJI) development, antibiotic 
prophylaxis is routinely administered. While standard guidelines 
for primary total joint replacements exist and are widely accepted, 
there are no such guidelines/recommendations for reconstruction 
using endoprostheses or bulk bone allografts in orthopaedic tumor 
surgery. As a result, various opinions and variations exist between 
surgeons on the prescription of prophylactic antibiotic regimens in 
tumor surgery [1].

Duration of antibiotic prophylaxis remains one of the most 
important issues. For primary total joint replacement, consensus 
exists in that, postoperative antibiotics should not be administered 
for greater than 24 hours after surgery. However, oncologic patients 
represent a heterogeneous population which signifi cantly diff ers 
from population of patients that undergo primary joint replace-
ment, and diff erent antibiotic regimes may be necessary.

There is considerable variation in the antibiotic regimens 
reported by available studies. Only seven studies specifi ed the dose 
(i.e., 1 gm) and/or the type of prophylactic antibiotics administered 
(i.e., fi rst-, second-, or third-generation gram-positive cephalosporin) 
[2–8]. Two studies specifi ed giving additional coverage against gram-
negative bacteria as well [5,6]. Twenty studies reported postoperative 
antibiotic regimens. These studies were subdivided into short-term 
regimens (0 to 24 hours of postoperative antibiotics) [2,3,7,9–12] and 
long-term regimens (greater than 24 hours of postoperative antibi-
otics) [4–6,8,13–21] and compared.

Several att empts were made in order to address this issue. A 
systematic review reported by Racano et al. (analyzing 4,838 patients 
included in 48 Level 4 studies) suggests that long-term antibiotic 
prophylaxis (pooled weighted infection rate 8%) is more eff ective 
than short-term prophylaxis (pooled weighted infection rate 13%) 
at minimizing infection in patients with lower extremity long-bone 
tumors that require surgery and endoprosthetic reconstruction 
[22]. Authors recognize limitations of the study, such as inconsis-
tency in antibiotic prophylaxis used in each study, inconsistency in 
reporting applied regimens (only seven studies specifi ed the dose 
and/or the type of antibiotics administered), majority were retro-
spective studies, and it was unclear whether the defi nition of infec-
tion is constant in all studies, since criteria changed over time [22]. 
These fi ndings are important for two reasons. First, they support the 
notion that orthopaedic oncology patients are diverse populations 
who may require a diverse prophylactic regimen when compared to 
conventional arthroplasty patients. Second, these results reinforce 
the increasing need to limit infections and establish guidelines for 
antibiotic prophylaxis in tumor surgery.

In contrast, Aponte-Tinao concluded that prolonged periods of 
postoperative antibiotics were associated with a greater risk of infec-
tion. Other risk factors associated with increased infection rate were 
tibial allograft, male patients and procedures performed in conven-
tional operating room [23]. 

Currently, there is an ongoing multicenter randomized 
controlled trial titled Prophylactic antibiotic regimens in tumor 
surgery (PARITY). This study includes a parallel two-arm design 
to investigate whether a 24-hour (short) or 5-day (long) antibiotic 
prophylaxis regimen should be implemented among patients 
undergoing surgical excision and endoprosthetic reconstruc-
tion of lower-extremity primary bone tumors [24]. The primary 
outcome is the rate of deep postoperative infections in each arm. 
Secondary outcomes include type and frequency of antibiotic-
related adverse events, patient functional outcomes and quality-
of-life scores, reoperation and mortality. Patients will be followed 
for one year after the procedure. The results of the fi nal study are 
expected soon [25]. 

Unfortunately, there is insuffi  cient literature to support alter-
nate antibiotic regimens in patients who underwent preoperative 
radiation, patients who underwent soft tissue or bone resection, or 
patients who received a metal endoprosthesis or structural allograft 
after tumor resection. The main reason is poor reporting of the anti-
biotic regimens (dosage, duration, etc.), and therefore, all conclu-
sions may be misleading. Even if this data were available, it would 
not be accurate to properly compare the infection rates of diff erent 
clinical series based on their perioperative antibiotic protocols 
because of the heterogeneity of patient populations.

Since data on prophylactic antibiotic regimens are rather scarce, 
high quality, randomized controlled trials are needed for oncologic 
endoprosthesis or bulk bone allograft reconstructions in tumor 
orthopaedic surgery. As a result, the strength of the recommenda-
tion is limited.
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QUESTION 3: Should patients with an oncologic endoprosthesis in place receive antibiotic 
prophylaxis during dental procedures?

RECOMMENDATION: Not routinely. Evidence-based guidelines by dentists and orthopaedic surgeons state that antibiotic prophylaxis is rarely 
appropriate for patients with prosthetic joints. 

LEVEL OF EVIDENCE: Consensus. 

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

RATIONALE

The American Dental Association (ADA) [1] and the American 
Academy of Orthopaedic Surgeons (AAOS) [2,3] have issued updated 
guidelines regarding the need for antibiotic prophylaxis. The guide-
lines do not specifi cally address the topic of patients with an onco-
logic endoprosthesis. The guidelines are based on four case-control 
studies [4–7] that found no association between dental procedures 
and PJI and no eff ectiveness for antibiotic prophylaxis. 

The ADA recommended that, “in general, for patients with 
prosthetic joint implants, prophylactic antibiotics are not recom-
mended to prevent prosthetic joint infection.” Likewise, the AAOS 
recommended that “the practitioner might consider discontin-
uing the practice of routinely prescribing prophylactic antibiotics 
for patients with hip and knee prosthetic joint implants under-
going dental procedures.” The AAOS recommendations were more 
conservative than the ADA recommendations. The AAOS conducted 
a study using a modifi ed Delphi procedure in which 14 experts 
were given scenarios involving patients with prosthetic joints and 

voted whether antibiotic prophylaxis was appropriate. The panel 
concluded that prophylaxis may be warranted in the following situ-
ations: procedures involving manipulation of the gingival tissue 
or periapical region of teeth or perforation of the oral mucosa 
in patients who are severely immunocompromised and (1) have 
uncontrolled diabetes (glucose > 200 mg/dl, HbA1C > 8%), or (2) have 
controlled diabetes (glucose < 200 mg/dl, HbA1C < 8%) and have a 
history of periprosthetic joint infection (PJI) that required surgery 
or (3) do not have diabetes and have a history of PJI that required 
surgery and the initial joint replacement surgery was < 1 year ago. 

The Dutch Orthopaedic and Dental Societies issued guidelines 
based on nine studies, all deemed to be very low quality. These 
guidelines advise that antibiotic prophylaxis should not be given to 
prevent PJI, regardless of the patient’s immune status. 

Given the absence of studies in patients with an oncologic 
endoprosthesis, it seems prudent to apply the more moderate AAOS 
guidelines to this patient population. 
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QUESTION 4: Should prophylactic antibiotics be started in patients with an oncologic 
endoprosthesis who develop neutropenia secondary to postoperative chemotherapy?

RECOMMENDATION: Not routinely. Evidence-based guidelines recommend limiting the routine use of prophylactic antibiotics to high-risk 
patients with chemotherapy-induced neutropenia.

LEVEL OF EVIDENCE: Consensus 

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

RATIONALE

Guidelines published by the Infectious Diseases Society of America 
(IDSA) and the National Comprehensive Cancer Network (NCCN) 
recommend the use of fl uoroquinolone prophylaxis during neutro-
penia in high-risk patients [1,2]. Risk stratifi cation is based on a 
number of criteria, including malignancy type. According to IDSA 
guidelines, “Low-risk patients are those with neutropenia expected 
to resolve within 7 days and no active medical co-morbidity, as well 
as stable and adequate hepatic function and renal function. These 
low-risk features are most commonly found among patients with 
solid tumors” [1]. 

These recommendations are based on meta-analyses which 
included predominantly patients with hematological malignancy 
[3–5]. None of the articles included in the meta-analyses examined 
antibiotic prophylaxis in patients with primary bone malignancy 
or patients with an oncologic endoprosthesis. Furthermore, none 
of the articles specifi cally addressed cancer patients with foreign 
bodies. The largest and most comprehensive of the meta-analyses 
found that antibiotic prophylaxis reduces overall mortality versus 
placebo, with a number-needed-to-treat of 34 and low heterogeneity 
[4]. 

Two reasons limit the use of antibiotic prophylaxis in low-risk 
patients. First, concerns exist regarding the development of bacte-
rial resistance and subsequent infection [2]. Although a meta-
analysis found that fl uoroquinolone prophylaxis leads to a non-
signifi cant increase in colonization with resistant bacteria with no 
diff erence in infections due to resistant bacteria, concerns remain 
[6]. Second, guidelines recommend treating low-risk patients with 
neutropenic fever as outpatients, with oral antibiotics including 

fl uoroquinolones on an outpatient basis. It is unclear whether the 
potential benefi t of prophylactic quinolone use is greater than that 
of the use of these agents as treatment [2,7]. In summary, given the 
evidence to date, patients with an oncologic endoprosthesis should 
not routinely receive antibiotic prophylaxis during neutropenic 
episodes.
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QUESTION 5: What type, dose and duration of prophylactic antibiotic(s) should be 
administered to patients undergoing oncologic endoprosthetic reconstruction 
who have received or will be receiving chemotherapy and/or radiation?

RECOMMENDATION: Antibiotic prophylaxis should be given in accordance with existing guidelines for standard arthroplasty surgery and other 
orthopaedic surgical procedures with foreign body placement.

LEVEL OF EVIDENCE: Consensus

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

RATIONALE

Studies examining the eff ect of chemotherapy and radiation on risk 
of postoperative infection in tumor patients have found an increased 
risk of surgical site infection (SSI) following radiation therapy 
(thoracic, head and neck, gynecological, breast malignancies) and 
chemotherapy (thoracic, head and neck, breast malignancies) [1,2]. 
No studies have been conducted to compare diff erent prophylactic 
antibiotic regimens for patients who received radiation or chemo-
therapy prior to surgery; in a single randomized, controlled trial 
comparing prophylactic antibiotics with placebo in breast cancer 
patients, no signifi cant diff erence was seen in the risk of developing 
postoperative infection between patients who received neoadjuvant 
chemotherapy and those who did not [3]. 

Studies examining the eff ect of chemotherapy and radiation 
on risk of postoperative infection specifi cally in patients with bone 
tumors and metastases have shown diff ering results based on the 
type and location of disease. A study of patients who underwent a 
variety of lower-extremity oncological operations did not fi nd either 
chemotherapy or radiation to increase the risk of infection [4]. Simi-
larly, in a cohort of patients undergoing surgery for primary bone 
tumor, mostly involving the lower limb, chemotherapy was not a 
risk factor for infection, nor was it in a group of patients who under-
went endoprosthetic reconstruction for tumors around the knee 
[5,6]. On the other hand, a study of patients with spinal metastases 
found that postoperative radiation was associated with increased 
risk of infection [7].

As no studies have been conducted addressing the tailoring 
of antibiotic prophylaxis in oncologic patients undergoing tumor 
surgery pre- or post-radiation or chemotherapy, including endopros-

thetic reconstruction, prophylaxis should be given in accordance 
with existing guidelines for arthroplasty and other orthopaedic 
surgical procedures with foreign body placement [1,8]. In the event 
of colonization with methicillin-resistant Staphylococcus aureus, the 
choice of intravenous antimicrobial prophylactic agent should be 
adjusted accordingly. 
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QUESTION 6: Does the type, dose, and duration of antibiotic prophylaxis diff er for patients 
undergoing oncologic endoprosthetic reconstruction compared to conventional total joint 
arthroplasty (TJA)?

RECOMMENDATION: No. There is no recommendation to adjust type, dose or duration of antibiotic prophylaxis in patients undergoing onco-
logic endoprosthetic reconstruction from that which is routinely administered in conventional TJA.

LEVEL OF EVIDENCE: Consensus

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

Rates of infectious complications following knee and hip arthro-
plasty are generally less than 2% [1]. However, rates of infectious 
complications following lower-extremity limb salvage therapy with 
endoprostheses are approximately 10% [2]. The reason for this diff er-
ence remains unclear, possibly due to systemic factors not directly 
related to the presence of localized malignancy [3]. 

Preoperative parenteral antibiotics have been demonstrated to 
reduce wound infections following TJA [4]. In a meta-analysis of anti-
biotic prophylaxis in TJA, which included 7 studies with 3,065 partici-
pants, the relative risk of infection was reduced by 81% compared 
to placebo [4]. None of the studies included in the meta-analysis or 
accompanying systematic review specifi cally addressed prophylaxis 
in patients undergoing orthopaedic endoprosthetic reconstruction.

Based on the preponderance of evidence, clinical guidelines 
recommend the use of perioperative parenteral antibiotics before 
TJA and other orthopaedic surgeries with foreign body placement 
[5,6]. No data exist regarding the tailoring of prophylaxis in onco-
logic patients with endoprosthetic reconstruction. Therefore, anti-
biotics should be given in accordance with accepted regimens.
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1.2. PREVENTION: CHEMOTHERAPY
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Antonios I. Papadopoulos, Panayiotis J. Papagelopoulos

QUESTION 1: Do we need to evaluate the gut and skin microbiome of patients after 
chemotherapy to assess the risk for potential infection after endoprosthetic reconstruction?

RECOMMENDATION: Unknown. There is no evidence in the literature to suggest that evaluation of the gut and/or skin microbiome following 
chemotherapy aids with risk stratifi cation for potential infection in patients undergoing endoprosthetic limb salvage surgery.

LEVEL OF EVIDENCE: Consensus

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

RATIONALE

In the orthopaedic oncology literature, infection rates following 
metallic endoprosthesis limb salvage surgery are high and vary from 
2.2–34% [1–4]. In a systematic review of the literature, Henderson et al.
found the overall rate of infection-related failure of endoprostheses 
to be 7.8% and infection as the most common mode of failure in their 
current investigation of primary endoprostheses. Proximal tibia 
replacements and total femur replacements were noted to be at 
particular risk, requiring infection-related revision surgery in 19.7% 
and 17.5% of cases, respectively [1]. 

While not fully understood or rigorously investigated, the causes 
of these high rates of infection are likely multi-factorial, including 
extensive surgical dissection and resection, increased operation 
time, substantial loss of blood, inadequate soft tissue coverage, 
implantation of large constructs with foreign material and, often in 
the case of oncology patients, a poor nutritional and compromised 
immune status [5]. 

Perioperative chemotherapy has been shown to increase the 
total revision rates of endoprosthetic reconstruction to 40% from 10% 
due to its reduction of osseointegration [6]. The impact of chemo-

therapy on the rates of infection following endoprosthetic recon-
struction remains unclear. There are confl icting reports on whether 
immunological defi ciency following chemotherapy is a risk for 
postoperative infection of endoprostheses. In a review, Kapoor and 
Thiyam documented that a compromised immune status after neo-
adjuvant chemotherapy may result in postsurgical infection having 
an increased infection rate of 20% [5]. While in a multicenter retro-
spective review, Morii et al. showed chemotherapy did not aff ect 
infection risk and suggested no drawbacks related to chemotherapy 
in regards to postoperative infection control of endoprostheses [2]. 
It was shown that some patients who developed infection during 
postoperative chemotherapy were controlled by amelioration of 
myelosuppression alone, while others required revision and antibi-
otic therapy [7].

Any measure that leads to decreased infection rates of metallic 
endoprosthesis reconstruction would be desirable. Given the preva-
lence of the problem and the severity of the consequences of deep 
infection, even weak evidence supporting a decrease in postoperative 
infection rates would be worth considering. While a few interven-
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tions have been noted to be benefi cial, as reported in retrospective 
case series, no rigorous, prospective studies have been completed in 
this population. In regard to the question above, there is no evidence 
(level I, II, III or IV) to support or reject evaluation of the skin or gut 
microbiome after neoadjuvant or adjuvant chemotherapy.

Conceptually, chemotherapy is known to alter the gut micro-
biome, which likely infl uences the development and manifesta-
tions of chemotherapy-associated mucositis [8–10]. When under-
going induction chemotherapy for acute myeloid leukemia, 
patients who developed infection after treatment were shown to 
have signifi cantly lower baseline stool bacteria diversity and the 
therapy itself was shown to decrease microbiome diversity [11]. 
Taxonomic shifts in the gut biome have been demonstrated in 
lymphoma patients following chemotherapy, with decreases in 
Firmicutes (species including Staphylococcus, Streptococcus, Entero-
coccus) and Actinobacteria (Streptomyces, Proprionibacteria) and 
increases in Proteobacteria (Escherichia, Salmonella, Vibrio, Heli-
cobacter, Yersinia, Legionellales) [8]. In a pediatric study of acute 
lymphoblastic leukemia (ALL), the abundance of Proteobacteria 
in the gut microbiome before chemotherapy was predictive of 
the infection risk and domination of the gut by Enterococcaceae or 
Streptococcaceae during current and subsequent phases of chemo-
therapy [12]. Decreased diversity in the taxa of the gut microbiome 
has been used as a predictive tool for chemotherapy-related blood-
stream infection risk [13]. Chemotherapy alters the skin micro-
biome in that fungal infections are common during and following 
chemotherapy [14]. 

Despite these documented changes in the microbiome of the 
gut and on the skin and their relation to infection risk, there is no 
proven association or theoretical link with postoperative endopros-
thetic infection. This is illustrated in two ways. First, the causative 
organisms of endoprosthetic infection are those typically found in 
postoperative periprosthetic joint infections (e.g., Staphylococcus, 
Streptrococcus, Enterococcus, Pseudomonas species) [2,7,15], which are 
not species noted to increase following chemotherapy (e.g., Proteo-
bacteria and Fungi) [8]. Second, the average time to infection-related 
surgical revision of endoprostheses is 47 months following index 
endoprosthesis placement [1]. This timeline is long after chemo-
therapy has been completed and more than enough time for chemo-
therapy-induced changes in the diversity of the gut and skin micro-
biome to return to normal.

There is still a need for further research to clarify whether skin 
and gut microbiome testing would prove useful in risk stratifi cation 
for infection following endoprosthetic reconstruction.
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QUESTION 2: Should an absolute neutrophil count of > 1000/mm3 be the minimum for patients 
undergoing limb salvage surgery after receiving chemotherapy?

RECOMMENDATION: Yes. An absolute neutrophil count of >1000/mm3 should be the minimum for patients undergoing limb salvage surgery 
after receiving chemotherapy.

LEVEL OF EVIDENCE: Consensus

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

RATIONALE

Neutropenia has been defi ned as an absolute neutrophil count 
(ANC) of 1500/mm3 or lower [1]. Historically, this cutoff  value has 
been considered as a risk factor for developing infections and 
complications. Bodey et al. [2] initially described this association. 

They observed that the infection rate in patients with ANC below 
1000/mm3 was 14% and below 100/mm3 up to 60% [2]. Furthermore, 
lower ANC levels have been identifi ed as an independent risk factor 
for infections [3]. This latt er publication also demonstrated that the 
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risk gradually increases as ANC decreases. In a more recent study, 
Lima et al. [4] evaluated patients with ANC levels less than or equal 
to 500 cells/mm3 further support this relationship.

Diff erent chemotherapeutic agents are used in the treatment 
of bone and soft tissue sarcomas. Some have shown to be myelosup-
pressive and thus reduce the ANC [5]. This is also one of the most 
critical criteria to administering chemotherapeutic regimens as it 
has been directly associated with an increased risk of complications 
[3,6]. The combination of wide resection and neo-adjuvant/adjuvant 
chemotherapy is a standard treatment modality for bone sarcomas 
[7]. The combination of methotrexate (MTX), doxorubicin (ADR), 
cisplatin (CDDP) and ifosfamide (I) are agents used for conventional 
osteosarcoma [7–11]. For small round cell sarcoma including Ewing’s 
sarcoma, multi-agent chemotherapy with vincristine-doxorubicin-
cyclophosphamide, ifosfamide-etoposide (VDC-IE) is used [12,13]. 

Chemotherapy for high-grade non-round cell, soft tissue sarcoma 
is controversial, but the eff ectiveness of chemotherapy for such 
sarcomas has been shown in several studies [14–20]. The conven-
tional key drugs for such condition include ADR and I [14,15,17]. In 
addition, dacarbazine (DTIC), gemcitabine (G) and docetaxel (D) 
became the options for soft tissue sarcomas [20–24]. Recent innova-
tion in this area provided additional reagents including pazopanib, 
trabectedin and eribulin, which are mainly used as second line treat-
ment for advanced soft tissue sarcomas [25–31]. 

When evaluating patients with low ANC undergoing surgical 
interventions, these patients also exhibit an increased risk of surgical 
site infection compared to patients with normal counts. Natour 
et al. [32] evaluated patients undergoing abdominal surgery in the 
sett ing of neutropenia. They categorized patients with ANC < 500/
mm3, between 500/mm3 and 1000/mm3, and between 1000/mm3 and 
1500/mm3. Patients with lower ANC also exhibited higher postopera-
tive infection rates, hospital stay and mortality. A relatively recent 
study evaluated the risk for infection of implantable port devices in 
pediatric oncology patients [33]. Again, patients with low ANCs had 
higher infection rates compared to those with normal ANC. 

No study was identifi ed that directly associates infection risk 
in patients undergoing limb salvage and low ANC. Given that limb 
salvage surgery is a complex procedure, all eff orts to avoid infection 
should be undertaken. Based on the available literature, we consider 
that patients with an ANC below 1000/mm3, either from the chemo-
therapy or the solid tumor itself, should not undergo limb salvage 
surgery until ANC is above 1000/mm3 and possibly above 1500/mm3.
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QUESTION 3: Should the serum white blood cell (WBC) count be taken into account prior to 
endoprosthetic reconstruction in patients who have undergone recent chemotherapy?

RECOMMENDATION: The association between chemotherapy and infection following endoprosthetic reconstruction remains controversial. 
However, in a multifactorial decision making process, there may be some benefi t in accounting for the serum WBC count prior to endoprosthetic 
reconstruction.

LEVEL OF EVIDENCE: Limited

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

RATIONALE

Infection continues to be one of the most serious complications 
after the reconstruction of an extremity using a tumor endopros-
thesis. Past reports showed that the infection rate of a tumor endo-
prosthesis ranged from 4–36% [1–5]. The myelosuppressive properties 
of many chemotherapeutic drugs remain a theoretical risk for devel-
oping infection in these patients receiving a tumor endoprosthesis 
for an extremity tumor or metastatic lesions. However, this theoret-
ical risk remains controversial. A handful of studies demonstrate a 
signifi cant relationship between chemotherapy and periprosthetic 
infection in patients receiving an endoprosthetic device for an 
extremity tumor [3,6–9].

On the contrary, there are numerous studies that provide data 
supporting the idea that chemotherapy is not a signifi cant risk 
factor for the development of periprosthetic joint infection (PJI) 
and surgical site infection (SSI) in these patients. Peel et al. [10] were 
able to demonstrate that chemotherapy, febrile neutropenia and 
bacteremia were not associated with the development of PJI. Jeys 
et al. [11] showed that there was no signifi cant relationship between 
chemotherapy and the risk of infection. Biau et al. [12] reported that 
there was no signifi cant diff erence in the rate of infection between 
patients who had received adjuvant treatment (including irradia-
tion and chemotherapy) and those who had not received such treat-
ment (p = 0.13). Finally, Meijer et al. [13] found no association between 
chemoradiation and increased rates of endoprosthetic infection.

Despite the confl icting evidence surrounding chemotherapy 
and the risk of endoprosthetic infection, there may be some benefi t 
in taking into account the patient’s serum WBC count prior to endo-
prosthetic reconstruction. It is widely known that lymphocytes 
play an essential role in combatt ing invading pathogens and facili-
tating wound healing after surgery [14]. In addition, Gulack et al. [15] 
reported that preoperative leukopenia prior to emergent abdominal 
surgery was a predictor for signifi cant postoperative morbidity and 
mortality. However, they were not able to demonstrate a signifi cant 
diff erence in the incidence of deep wound infection in patients 
with leukopenia vs. patients with a normal WBC count preopera-
tively (p = 0.462). These fi ndings contrast with the work by Natour 
et al. [16], who noted that patients undergoing abdominal surgery 
with a preoperative absolute neutrophil count (ANC) less than 500 

had signifi cantly higher postoperative infection rates compared 
to patients who had a preoperative ANC between 500 and 1500. 
However, one must be cautious with the results from these studies, 
as they may not be generalizable to the particular patient cohort of 
focus. 

Due to the fact that the literature doesn’t show any signifi cant 
diff erences between the infection rates between patients who are 
undergoing chemotherapy and those who are not receiving it, it 
makes sense to determine the WBC number as an additional diag-
nostic tool.
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QUESTION 4: What should be the time delay between preoperative chemo/radiotherapy and 
a surgical tumor resection in order to minimize incidence of surgical site infection/
periprosthetic joint infection (SSI/PJI)?

RECOMMENDATION: Unknown. There is no data that supports the best time delay between preoperative chemo/radiotherapy and a surgical 
tumor resection to minimize the incidence of SSI/PJI. There are multiple intrinsic factors of each patient that can determine the best time to 
implant an endoprosthesis after a neoadjuvant treatment. Although no signifi cance was seen between preoperative radiotherapy and surgical 
timing on wound complications (WC), trends suggest rates are lower if surgery is performed between 3 and 6 weeks following radiotherapy.

LEVEL OF EVIDENCE: Consensus

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

RATIONALE

SSIs, PJIS and WCs can occur postoperatively with respect to muscu-
loskeletal/orthopaedic related surgeries. The risk of these infections 
is more common when these surgeries are related to musculoskel-
etal tumor resections following established multimodal therapies 
of preoperative chemotherapy and/or radiotherapy [1,2]. SSIs are 
defi ned as infections occurring at the operative site that develop 
within 30 days of non-implant operation or 1 year in the case of 
implant (artifi cial material) based operations [3]. The incidence of 
SSIs following orthopaedic operations is 1–3% [4]. The incidence is 
expected to be much higher following surgery in malignant muscu-
loskeletal tumors due to many patients’ requiring preoperative/post-
operative chemotherapy and/or radiotherapy. PJI after joint replace-
ment surgery has been reported to occur in 1.55–2.5% of cases [5–7]. 
As with SSIs the incidence would be expected to be higher following 
tumor surgery. Wound complications rates have been shown to be 
higher in those receiving preoperative radiotherapy [6,8–10].

With respect to the timing of surgery after preoperative radio-
therapy and/or chemotherapy, there is no established optimal time-
frame for clinical practice. Decisions to date are made by clinician-
team opinion. The eff ect of diff erent timeframes on the develop-
ment of SSI, PJI and WC rates in this group has not been extensively 
reviewed. We know that radiation impairs wound tissue repair 
though several mechanisms [11]. Ionizing radiation can damage 
fi broblasts leading to slow growth [12,13], dermal atrophy, necrosis 
and ultimately reduced wound strength [14–16]. As a result, in the 
initial period following radiotherapy, surgery is avoided and four 
weeks is thought to be required to allow for repopulation of normal 
tissues [17]. Acute systemic eff ects of chemotherapy are also well 
documented, including toxicity and immunosuppression. However, 
there is still no established timeframe with respect to when to surgi-
cally resect tumors post chemotherapy and this is guided by clinical 
assessment and clinician choice.

All seven included studies were retrospective case studies, four 
were single-center studies, while the other three were not specifi ed. 
The total sample number of all seven studies combined was n = 1,585; 

sample sizes ranged from 18-798. Preoperative radiotherapy was used 
in fi ve of the studies, preoperative chemotherapy in three. 

SSI was statistically signifi cant secondary to preoperative radio-
therapy alone in three studies [19,21,23] and secondary to preopera-
tive chemotherapy in two studies [21,22]. No statistical signifi cance 
with respect to SSI and preoperative chemotherapy in one study 
[18]. The remaining two studies did not statistically assess SSI as an 
outcome measure [17,20]. Sugita et al., 2015, intended to study the 
eff ect of timing between radiotherapy and surgery on SSI; however, 
this was abandoned due to factors varying widely between cases [19].

None of the six included studies assess PJI as an outcome 
measure. There was no mention of PJIs being included in any other 
groups as a complication. Furthermore, no data on the eff ect of 
timing between radiotherapy and surgery on PJI was sourced.

One study showed statistical signifi cance between neoadjuvant 
radiotherapy and postoperative infection, p = 0.008. This study did 
not classify specifi cally the type or location of these infections [23].

In terms of WC two of the studies assessed their association 
with preoperative treatment. Both studies looked at the eff ect of 
preoperative radiotherapy. Keam et al. (n = 165) investigated the 
eff ect of preoperative radiotherapy on WCs and no statistical diff er-
ence was evident with univariate analysis (p = 0.11) [20]. This study 
also looked at the timing eff ect of < 30 (n – not specifi ed) days and 
> 30 days (n – not specifi ed) between radiotherapy and surgery on 
WC rates. There was no statistical signifi cance between these two 
timeframes (p = 0.59) [20]. Griffi  n et al., investigated the dichoto-
mous eff ect of the time intervals of 3, 4, 5 and 6 between preop-
erative radiotherapy and surgery. The rate of wound complica-
tions was the primary outcome measure. When comparing < 3 and 
> 3 weeks, WC rates were 15/39 (38%) and 227/759 (30%) respectively, 
p = 0.3. Comparing < 4 and > 4 weeks, WC rates were 39/129 (30%) and 
203/669 (30%) respectively, p = 1. Comparing < 5 and 5 weeks, WC rates 
were 88/295 (30%) and 154/503 (31%) respectively, p = 0.8. Comparing < 
6 and 6 weeks, WC rates were 133/479 (28%) and 109/322 (34%) respec-
tively, p = 0.08. At time points < 3 and > 6 weeks, it is evident that 



838 Part VII   Oncology

there is a higher rate of WC (34-38%) when compared to 3-6 weeks 
(28-31%); however, statistically there is no diff erence between time 
points [17]. This trend, although not signifi cant, may support the 
general avoidance of aiming for surgery too early or too late based 
on radiation induced local changes to tissue and skin. A large multi-
center study may show more of an eff ect at these timeframes. This 
trend may be considered applicable to SSI/PJIs due to WC risk factors 
being theoretically close in nature to infection risk, particularly the 
local and systemic toxicities and eff ects of radiotherapy and chemo-
therapy respectively. 

We identifi ed seven relevant articles assessing the eff ect of 
preoperative treatment on SSI, PJI and WC with respect to muscu-
loskeletal tumour resection. Results are highly variable between 
the studies and overall there is limited evidence of signifi cance in 
results. SSI rates were signifi cantly increased in 3/3 (100%) of studies 
that looked at preoperative radiotherapy and 2/3 (67%) of the studies 
that looked at preoperative chemotherapy. These are single center/
non-specifi ed studies; to further delineate results, larger multi-
centre studies in the future are warranted. No eff ect on timing of 
preoperative treatment and surgery was observed with respect to SSI 
rates. Given that there is confl icting evidence between the eff ect of 
preoperative tumour treatment and SSI development, investigation 

into the eff ect of timing becomes diffi  cult. However, as some studies 
have established positive association and the near future possibility 
of larger multi-center study results coming to fruition, it will be now 
be imperative to also investigate and study the eff ects of surgical 
timing post radio/chemotherapy on rates of SSI. No studies assessed 
periprosthetic joint infection specifi cally as an outcome. This may be 
due to PJI presenting as a rare outcome secondary to surgical tumour 
resection. Also, these infections may be included in another compli-
cation section of such studies. None of the studies included in this 
review have mentioned this as an observed complication. There-
fore, more investigation and study is needed with respect to under-
standing the role of preoperative tumour management and surgical 
timing on the rates PJI. 

In summary, there is strong evidence supporting the associa-
tion between preoperative radiotherapy/chemotherapy and post-
operative SSIs. There is no data on the association of preoperative 
treatment with respect to PJI rates. One study showed no associa-
tion between preoperative radiotherapy and WC. There were two 
studies showing no signifi cant diff erence between surgical timing 
post radiotherapy/chemotherapy with respect to wound complica-
tions; however, there was a trend towards higher wound complica-
tions rates in < 3 weeks and > 6 weeks. More large-scale, well-designed 

TABLE 1. Data extraction from included studies

Author Study Type
Neoadjuvant 

Treatment
Time Between 

Treatment and Surgery
n Postoperative Outcome

Miwa et al., 
2017 [18]

Single-centre 
Retrospective

Chemotherapy Not specifi ed 108 Deep SSI 16/108 signifi cant with univariate 
analysis (p < 0.001), not signifi cant in 
multivariate analysis (p = 0.156) 

Sugita et al., 
2015 [19]

Non-specifi ed 
Retrospective

Radiotherapy Intention to analysis 
eff ect of timing 
*Abandoned

41 SSI 27/41 signifi cant with univariate 
analysis (p = 0.03)

Griffi  n et al., 
2015 [17]

Non-specifi ed 
Retrospective

Radiotherapy < 3, > 3 weeks
< 4, > 4 weeks
< 5, > 5 weeks
< 6, > 6 weeks

39, 759
129, 669
295, 503
476, 322

Total n = 798

WC 15/39 (38%), 227/759 (30%), p = 0.3
WC 39/129 (30%), 203/669 (30%), p = 1
WC 88/295(30%), 154/503 (31%), p = 0.8
WC 133/479 (28%), 109/322 (34%), p = 0.08

Overall WC 186/798 (23.3%) incidence
SSI 56/798 (7%) incidence, *eff ect of time 
not studied

Keam et al., 
2014 [20]

Single-center 
Retrospective

Radiotherapy > 30 days
< 30 days

165 No diff erence between eff ect of preopera-
tive radiotherapy > 30 and < 30 days from 
surgery on wound complications (p = 0.59)
No signifi cant eff ect on WC with univariate 
analysis (p = 0.11)

Gradl et al., 
2014 [21]

Single-centrer 
Retrospective

Radiotherapy

Chemotherapy

Immediate

Not specifi ed

262

137
Total n = 399

SSI 50/153, signifi cant with bivariate 
analysis (p < 0.0001)
SSI 22/153, signifi cant with bivariate analysis 
(p = 0.02)

Nagano et 
al., 2014 [22]

Single-center 
Retrospective

Chemotherapy Not specifi ed 18 SSI 6/18, signifi cant with bivariate analysis 
(p = 0.03)

Behnke et 
al., 2014
[23]

Non-specifi ed 
Retrospective

Radiotherapy Not specifi ed 56 Postoperative infection (Location/type not 
specifi ed) in those with radiotherapy 14/56 
(25%) when compared to those without 
37/340 (11%), statistically signifi cant, 
p = 0.008
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multi-center studies are required to more accurately assess the eff ect 
of timing between preoperative radiotherapy/chemotherapy and 
surgery on the rate of postoperative SSIs, PJIs and WCs. 
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QUESTION 5: What strategies should be implemented to minimize the risk of surgical site 
infection/periprosthetic joint infection (SSI/PJI)  in patients who have received chemotherapy 
or radiation therapy and are undergoing endoprosthetic reconstruction?

RECOMMENDATION: We believe patients who have received either chemotherapy or radiotherapy prior to endoprosthetic reconstruction 
should undergo extensive medical optimization. Consideration may also be given to the use of antimicrobial coated implants, extended (>24 h) 
and augmented postoperative antibiotic prophylaxis consisting of a fi rst-generation cephalosporin and an aminoglycoside and/or vancomycin, 
as well as use of enhanced soft tissue reconstruction techniques. Surgery should also be expeditious in these patients minimizing dissection of 
soft tissues with gentle handling.

LEVEL OF EVIDENCE: Limited

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

RATIONALE

Patients with neoplasia undergoing endoprosthetic reconstruc-
tion are at an increased risk of SSI/PJI. The chemotherapy-induced 
immunosuppression, the poor soft-tissue conditions due to radio-
therapy, the length and complexity of the tumor resection and 
megaprosthetic reconstruction and the diffi  culty of achieving soft 
tissue coverage are some of the reasons that explain the very high 
rate of infection in these patients compared to patients undergoing 
conventional arthroplasty [1–5].

As these patients are at high risk of SSI and/or PJI, any measure 
proven to be eff ective against infection should be implemented. 
Several organizations have proposed evidence-based guidelines 
for the prevention of surgical site infections. These strategies, 
together with additional measures, should be implemented in 

these patients. We provide examples of some of the measures that 
may be used to minimize the risk of SSI/PJI in patients undergoing 
oncologic endoprosthetic joint reconstruction, particularly in 
patients who have received chemotherapy and/or irradiation treat-
ment. These measures include:

• Preoperative measures [6–9]: Correction of hyperglycemia, 
treatment of anemia, treatment of malnutrition, smoking 
cessation, decolonization of Staphylococcus aureus (including 
methicillin-resistant S. aureus (MRSA)), skin cleansing with 
chlorhexidine or other antiseptic agents prior to surgery 
and numerous other preoperative measures that are 
discussed elsewhere in the consensus document should be 
considered. 
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• Intraoperative measures [6–9]: Administration of weight-
based antibiotics, including coverage against MRSA if 
present, re-dosing of the prophylactic antibiotic for cases 
that last longer than two hours or have increased blood loss, 
minimizing blood loss by administration of tranaxemic 
acid, minimizing operating room traffi  c, use of antibiotic-
impregnated bone cement, wound irrigation with antiseptic 
agents such as sterile dilute betadine, careful and gentle soft 
tissue dissection and expeditious surgery are some of the 
proven strategies that may be implemented intraoperatively. 

• Postoperative measures [6–9]: Wound management is a crit-
ical aspect of prevention of SSI/PJI in these patients. Consid-
eration should be given to administration of less potent 
anticoagulation to minimize hematoma formation or reduce 
the chance for persistent wound drainage. The incision may 
be managed by application of negative pressure or occlusive 
dressing. Every eff ort should also be made to minimize blood 
loss and the need for allogeneic blood transfusion. 

There are many other preventative measures that have been 
proposed or explored in oncologic patient population undergoing 
megaprosthetic reconstruction. In recent years the use of implants 
coated with antimicrobial agents such as silver and iodine has been 
explored. Silver-coated prostheses for limb reconstruction after 
tumor resection has been reported to have a favorable outcome and 
be eff ective in reduction of infection. Among the metals known to 
have antimicrobial activity, silver has att racted interest among many 
investigators due to its excellent level of antimicrobial activity and 
low toxicity. The silver coating can inhibit bacterial colonization of 
the prosthetic body and potentially prevent subsequent PJI [10–12]. 

A study involving patients with bone sarcoma over a fi ve-year period 
demonstrated that the infection rate was substantially reduced from 
17.6% in the uncoated titanium megaprosthesis (proximal femur, 
n = 33; proximal tibia, n = 41) to 5.9% in the silver-coated megapros-
thesis group (proximal femur, n = 22; proximal tibia, n = 29). The 
titanium group data were retrospective and the data for the silver 
group were collected prospectively [13]. Another study evaluating 
the infection rate in 98 patients with sarcoma or giant-cell tumor in 
the proximal tibia demonstrated that infection at 16.7% in the group 
who underwent reconstruction using titanium megaprostheses 
(n = 42) was signifi cantly higher than the infection rate at 8.9% in the 
silver-coated megaprostheses group, resulting in fi ve-year prosthesis 
survival rates of 90% in the silver-coated and 84% in the titanium only 
cohort. Although not reaching statistical signifi cance, further work 
may suggest that silver-coated tumor prostheses may reduce the PJI 
rate in the high-risk oncological patients submitt ed to tumor resec-
tion and limb reconstruction. 

Another study retrospectively investigated 68 oncology patients, 
30 of whom received a titanium proximal femoral replacement and 
38 patients who received a silver-coated proximal femur replacement. 
There was a lower rate of early infections (within the fi rst 6 months) 
in the silver-coated group (2.6%)  in comparison with 10% in the tita-
nium group. However, the diff erence was not statistically signifi cant. 
Regarding late-onset infections (later than 6 months), the diff erence 
between groups was not clear (5.3% in the silver group and 6.6% in the 
titanium group) [14]. The reports available on the use of silver-impreg-
nated implants are all retrospective with their inherent limitations. 
The role of silver coating of megaprostheses in prevention of infection 
needs to be explored in a prospective manner.

Currently, there are no appropriate guidelines or recommenda-
tions in place for prophylactic antibiotics in patients with neoplasm 
undergoing endoprosthetic reconstruction. Although the benefi -
cial role of perioperative antibiotic prophylaxis is proven, it is not 
known whether continuation of antibiotics beyond the traditional 
24 hours is benefi cial. Further, there is no consensus among the 

experts on the type of antibiotic prophylaxis that may be needed 
in tumor surgery patients with great variation between centers. 
Although most surgeons provide gram-positive coverage, others 
also provide gram-negative coverage. In addition, the length of 
administration of postoperative antibiotics has varied vastly [2,15]. 

A cross-sectional international survey of practicing orthopaedic 
oncology surgeons found that 73% (95% confi dence interval (CI) 61, 
82%) of respondents prescribe a fi rst-generation cephalosporin, 25% 
favor additional coverage with an aminoglycoside (gentamycin) 
and/or vancomycin or teicoplanin. Of those who prescribe a cepha-
losporin, 33% prescribe a dosage of one gram for all patients and the 
remainder prescribe up to 2 grams based on the body weight. One in 
three surgeons (95% CI: 25, 48%) believe antibiotics could be discon-
tinued after 24 hours, but 40% of surgeons (95% CI: 30, 53%) continue 
antibiotics until the suction drain is removed. 

In higher-risk cases of tumor patients who have received chemo-
therapy and/or irradiation, no guidelines exist to direct antibiotic 
management. It is a common practice to continue the antibiotics 
beyond 24 hours in these patients. There is no prospective study 
that has examined the effi  cacy of diff erent antibiotic regimens in 
preventing infection in long-bone prosthetic reconstruction [15].

Studies comparing single-dose prophylaxis and multiple-
dose prophylaxis in a general surgery sett ing have not shown any 
benefi t to extended course of antibiotics [16]. A systematic review 
involving 48 studies on a total of 4,838 patients (level IV retrospec-
tive studies) suggests that long-term (greater than 24 hours) postop-
erative antibiotic prophylaxis is more eff ective at minimizing infec-
tion risk in patients with lower extremity long-bone tumors that 
require surgery and endoprosthetic reconstruction. However, the 
data should be interpreted with caution owing to the retrospective 
nature of the included studies. The overall pooled weighted infec-
tion rate for lower-extremity limb salvage surgery with endopros-
thetic reconstruction was approximately 10% (95% CI: 8%–11%), with 
the most common causative organism reported to be gram-positive 
bacteria in the majority of cases. Twenty studies reported postop-
erative antibiotic regimens, so they were further subdivided into 
short-term regimens (0 to 24 hours of postoperative antibiotics) and 
long-term regimens (greater than 24 hours of postoperative antibi-
otics) and compared. The pooled infection rate following short-term 
postoperative antibiotic prophylaxis was 13% (95% CI: 9% to 17%; p < 
0.001), which is slightly higher than the overall pooled infection rate. 
The pooled infection rate for the long-term postoperative antibiotic 
prophylaxis was 8% (95% CI: 6% to 12%; p < 0.05), which is slightly lower 
than the overall pooled infection rate. This diff erence in the pooled 
infection rates following short-term and long-term postoperative 
antibiotics was statistically signifi cant (p < 0.05) [2].

There is no dispute to suggest that tumor patients undergoing 
endoprosthetic reconstruction are at higher risk of infection than 
those undergoing conventional joint arthroplasty. The risk of infec-
tion is further increased in patients who have received chemo-
therapy or irradiation treatment. Thus, any measure to minimize the 
risk of infection in this patient population needs to be implemented. 
We have proposed some preventative measures above but there is a 
desperate need for further studies to examine further measures.

* These authors answered a diff erent question that was very similar 
to this one. The consensus voted to remove that question from publi-
cation due to its similarity with the current question. Though the 
question was removed, we want to acknowledge these authors for 
their work.
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1.3. PREVENTION: RESEARCH CAVEATS

Authors: Rodolfo Capanna, Ivan Bohaček, Lorenzo Andreani

QUESTION 1: What are the signifi cant risk factors for surgical site infection/periprosthetic 
joint infection (SSI/PJI) of an oncologic endoprosthesis following resection of a malignant bone 
tumor?

RECOMMENDATION: Patient-related risk factors for SSI/PJI of an oncologic endoprosthesis include increased patients’ body mass index, 
overall presence of comorbidities, coexistence of superfi cial SSI or skin necrosis and lower preoperative hemoglobin or albumin levels. 
Disease-related risk factors for SSI/PJI of an oncologic endoprosthesis include lesion localization in proximal tibia, pelvis and lesion extending 
to pelvis from proximal femur. In addition, procedure related risk factors for SSI/PJI include preoperative hospitalization longer than 48 hours, 
resection of greater than 37% of the proximal tibia, resection of 3 or 4 heads of the quadriceps muscle in distal femoral lesions compared to 1 or 2 
heads, increasing surgical time (longer than 2.5 h), use of cemented oncologic endoprosthesis, need for postoperative admission to the intensive 
care unit, increased postoperative blood transfusion requirement (2 or more units of allogeneic packed cells), presence of postoperative hema-
toma and the need for additional surgical procedures after the megaprosthesis implantation.

LEVEL OF EVIDENCE: Moderate

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

RATIONALE

Periprosthetic joint infection represents one of the most challenging 
complications following any joint replacement and may result in 
devastating consequences. According to a recent systematic review, 
the mean rate of periprosthetic infection of a megaprosthesis (PMI) 
is 10% after primary procedure and 43% after revision procedures of 
infected cases [1,2]. 

Despite the lack of multiple randomized clinical trials, several 
retrospective studies (Level IV) showed signifi cant risk factors for 
SSI/PJI of an oncologic endoprosthesis following resection of a 
malignant bone tumor. In a systematic review of the literature, De 
Gori et al. examined risk factors for PMI [3]. A total of 8 articles, all 
retrospective, including 2,136 patients, met the inclusion criteria 
and were analyzed [4–11]. The overall PMI rate was 14.2%. Patient-
related factors associated with a signifi cantly higher risk of PMI 
included increasing patients’ body mass index and overall presence 
of comorbidities (but not the American Society of Anesthesiolgists 
(ASA) score or diabetes mellitus specifi cally) and coexistence of 
superfi cial surgical site infection or skin necrosis. Disease-related 
factors associated with increased risk for PMI included lesion local-

ization in proximal tibia, pelvis and lesion extending to pelvis 
from proximal femur. In contrast, lesions localized in the distal 
femur appear to be protective for PMI occurrence. There was no 
association between primary tumor histological features or meta-
static spread and PMI. In addition, there was no signifi cant eff ect of 
chemotherapy and radiotherapy for the development of PMI, which 
is in contrast to several studies [12–15] which report increased inci-
dence of infection rate associated with chemotherapy and radio-
therapy. Controversy also still exists regarding whether primary or 
metastatic lesions have higher risk for PMI [3,12]. In this systematic 
review, procedure-related factors associated with higher risk of PMI 
included preoperative hospitalization longer than 48 hours, resec-
tion of greater than 37% of the proximal tibia, resection of 3 or 4 
heads of the quadriceps muscle in distal femoral lesions compared 
to 1 or 2 heads, increasing surgical time (longer than 2.5 h), need for 
postoperative admission to the intensive care unit, increased post-
operative blood transfusion requirement (2 or more units of allo-
genic packed cells), presence of postoperative hematoma and the 
need for additional surgical procedures after the megaprosthesis 
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implantation. According to this systematic review, features of peri-
operative antibiotic prophylaxis do not aff ect PJI rates, i.e., choice 
of antibiotic used, dosing, number of antibiotics used postop-
eratively or length of prophylaxis, which is in contrast to previous 
systematic review conclusions [1]. In addition, width of resection 
margins, bone resection length and extracapsular resection of knee 
tumors were not associated with increased rates of PMI. There was 
no diff erence in PMI rates according to prosthesis type or hinge 
movement, but two studies have shown that cemented megapros-
theses have led to a higher PMI rate compared to uncemented ones, 
thus contradicting information regarding conventional arthro-
plasties. Routine use of gastrocnemius fl ap for anterior reconstruc-
tion and megaprosthesis coverage following proximal tibia resec-
tion has led to a reduced rate of PMI. Data of this systematic review 
supports the idea that soft tissue condition merely infl uences the 
PMI rate [16]. 

According to a most recent Level III retrospective cohort study 
on 150 patients, reported by Meijer et al., factors associated with infec-
tion after reconstructive shoulder surgery for proximal humerus 
tumors were lower preoperative hemoglobin or albumin levels and 
these patients should undergo optimization before surgery [17]. In 
addition, a lower WBC count and positive resection margins were 
associated with superfi cial infection and younger age with deep 
infection [17]. Furthermore, the location of the endoprosthesis may 
also infl uence the infection risk as the lower extremities have been 
demonstrated to have a greater risk of infection than the upper 
extremities [15].
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QUESTION 2: What metrics should be used to determine the optimal timing of reimplantation 
for patients with a resected oncologic endoprosthesis?

RECOMMENDATION: Prior to reimplantation of an oncologic endoprosthesis after a previous resection, surgeons must ensure that the infection 
has been eradicated from the surgical bed. This would be determined via a sterile aspirate from the joint cavity following the antibiotic treatment.

LEVEL OF EVIDENCE: Moderate

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

RATIONALE

Periprosthetic infection following oncologic endoprosthestic limb 
salvage surgery is a well-recognized and devastating complication 
[1]. Surgeons who treat oncologic patients with endoprostheses 
need to have a low tolerance to suspected periprosthetic infec-
tion. Oncology patients are at greater risk of infection than general 
arthroplasty patients, up to 15% of oncological endoprosthetic recon-
structions compared to 1-2% within the general population [2,3]. Early 
diagnosis and treatment are key to outcome. Surgical treatment 
options include amputation, irrigation and debridement, excision 
arthroplasty, and one- and two-stage revision, along with targeted 

antibiotic therapy. Two-stage revision involves initial irrigation, 
debridement, removal of the endoprosthesis with implantation 
of a cement spacer and later reimplantation of the device. Despite 
the established acknowledgement that the two-stage revision is the 
gold standard for surgical treatment [4], there is a limited amount 
of information on the clinical parameters that should be used to 
optimize the reimplantation of an endoprosthesis following initial 
staged debridement and resection. 

A search of the literature found nine retrospective studies, 
six retrospective cohort studies and three retrospective case studies 
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[5–13]. Seven of these studies required clearance of residual infec-
tion as determined by a sterile aspirate sample from the peripros-
thetic space before the revision endoprosthesis could be reinserted 
[5–11]. These studies showed the success rate of preventing reinfec-
tion ranged between 72-100% if reimplantation was conducted 
using this metric.

The results of four studies following one-stage revision to 
control infection varied. This approach was performed when the 
operating surgeons deemed the infection was early in its course or 
low grade. Funovics et al. reported success rate of 62.5% (5 out of 8 
patients) [6]. Jeys et al. found 47% (15 out of 32) of one-stage revi-
sions eradicated the infection [5]. Hardes et al. only found success 
in 1 out 3 patients (33%) treated with this technique [11]. Holzer et al. 
reported a success rate comparable to those reported by two-stage 
revisions at 78% (14 out of 18 patients cleared their infections) [12]. 
The results of these studies show that the effi  cacy of one-stage revi-
sions in treating infected oncological endoprotheses is inferior to 
that of a two-stage approach following negative aspirates. However, 
the low sample numbers make it diffi  cult to draw a defi nitive 
conclusion. 

Finally, four of the studies also reported on the importance of 
adequate soft tissue coverage prior to reimplantation [9–11,13]. This 
was used as a subjective clinical parameter. Three studies noted 
that the decision to proceed to the second stage was delayed until 
adequate soft tissue coverage and wound healing was seen [10,11,13]. 
Rao et al. noted the infl uence of diff erent types of soft tissue fl aps on 
infection control in two-stage revisions [9]. 

Despite the lack of higher quality literature, there has been 
consistent support by several retrospective studies for using sterile 
periprosthetic cavity aspirates as a clinical metric to indicate 
optimal timing for oncological endoprosthesis reimplantation. 
Other subjective parameters, such as soft tissue coverage and stage of 
infection, were also recorded. While clearer parameters exist in revi-
sion cases for general arthroplasty, more robust evidence, including 
larger sample sizes and randomized clinical trials, are desired for 

oncological endoprosthesis. Thus, only a moderate strength recom-
mendation can be provided.
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TABLE 1. Endoprosthetic infection two-stage revision study data

Study Name Study Type
Total Number of 

Patients

Number of Patients 
Who Developed 

Infections

Infected Patients 
Who Underwent 

Two-stage Revision

Patients With 
Infections Controlled 

Successfully (%)

Jeys et al., 2005 Retrospective 
cohort study

1264 136 58 42 (72%)

Funovics et al., 2011 Retrospective 
cohort study

170 12 2 2 (100%)

Hardes et al., 2006 Retrospective 
case study

30 30 15 12 (80%)

Donati et al., 1998 Retrospective 
cohort study

35 20 19 14 (74%)

Rao et al., 
2006

Retrospective 
cohort study

9 9 9 8 (89%)

Manoso et al., 2006 Retrospective 
case series

11 11 11 10 (91%)

Grimer et al., 2002 Retrospective 
case series

34 34 34 25 (74%)
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1.4. PREVENTION: SURGICAL TECHNIQUE

Authors: Aare Märtson, Oscar Ares, Jacek Markuszewski, Ignacio Moya, Andrea Sallent

QUESTION 1: Is there an increased risk for subsequent surgical site infection/periprosthetic 
joint infection (SSI/PJI) when a drainage tube is used in musculoskeletal tumor surgery?

RECOMMENDATION: Surgical drains should be used selectively in patients undergoing musculoskeletal tumor surgery. If used, they should 
be continuously monitored and removed immediately once output has decreased adequately per clinical judgment. There is a potential, yet 
unproven, link between the use of surgical drains and increased risk of SSI/PJI following orthopaedic procedures involving the use of prostheses.

LEVEL OF EVIDENCE: Limited

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

RATIONALE

Known risk factors for infection after musculoskeletal tumor surgery 
include malignancy of the primary tumor, duration of operative 
time, history of previous surgeries, use of chemotherapy and/or 
radiotherapy, tumor aff ectation of the skin and skin necrosis [1]. An 
additional area of concern in which more information is desired 
involves the use of surgical drains postoperatively in orthopaedic 
surgery patients undergoing oncologic procedures. Due to the 
extensive tissue dissection and exposure needed for musculoskeletal 
tumor removal, it is not uncommon for drains to be used postopera-
tively [2–6]. A consensus regarding the risk of SSI/PJI in musculoskel-
etal tumor surgery due to surgical drain use/duration of the drain 
remaining in situ has yet to be established.

The relationship between the use of surgical drains and the 
onset of infection has been examined in previous works. In a review 
of 723 musculoskeletal tumor surgeries among patients where drains 
were kept in 2-3 days (non-pelvic tumors) and 5 days (pelvic tumors), 
Rossi et al. found an overall infection rate was 8.7% [5]. Literature has a 
tendency to signal drainage tubes increase infection risks in muscu-
loskeletal tumor surgeries. This may be due to the fact that they 
connect the endoprosthesis or the site aff ected by the tumor with 
the outside fl ora, thus making colonization by microorganisms, 
such as Staphylococcus aureus, more likely. Rates of SSI, with skin fl ora 
bacteria, such as S. aureus, have been increasing over the last decade. 
The exact reason for this increase is unknown but could relate to the 
use of surgical drainage in patients undergoing musculoskeletal 
tumor surgery [6]. 

To date, there is no consensus on how long surgical drains should 
remain in place after surgery and whether or not they contribute to 
the risk of orthopaedic oncology patients developing SSI/PJI. Per 
the World Health Organization (WHO), low-quality evidence shows 
the early removal of wound drains has neither benefi t nor harm in 
reducing the SSI rate when compared to its late removal among any 
patient undergoing a surgical procedure [7]. Lerman et al. conducted 
a retrospective review of 165 patients with musculoskeletal tumor 
surgeries [3]. In their cohort, 10.3% of all patients had 2 surgical drains 
remain intact 24 hours postoperatively. However, surgical drain 
usage was not accounted for in the study’s univariate analysis. In 
Shehadeh et al.’s retrospective review of 232 patients, overall infec-
tion rates in the group were similar at 11.36% [4]. In their protocol, 
drain tubes were removed when their debit was less than 30cc since 

the last shift. As with Lerman et al.’s study, commentary cannot be 
made regarding the infl uence drain usage had on the rate presented, 
because it was not accounted for in the study’s statistical analysis. 

Further insight can be obtained by a meta-review done by the 
WHO. Thirty-four systematic reviews investigating the eff ect of 
drains compared to no wound drainage in terms of the related 
infection risk in patients undergoing various surgical procedures 
were reviewed [7]. Review of the meta-analyses showed a tendency 
towards a benefi cial eff ect of not using a wound drain with regard 
to a reduced risk of wound infections with no statistical signifi -
cance. One of the few proven benefi ts of drains is a reduced need for 
a change of the dressing and increased comfort (observed among 
patients receiving total hip arthroplasty) [8,9]. Taking these factors 
into consideration and current status of the literature, decision 
making is to be made at the discretion of the clinician at this time. 
Further investigation into surgical drain use and its infl uence on SSI/
PJI in musculoskeletal tumor surgery is warranted.
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QUESTION 2: When should a surgical drain be removed to minimize the risk of subsequent 
surgical site infection/periprosthetic joint infection (SSI/PJI) in patients who have received 
endoprosthetic reconstruction (EPR) following resection of a musculoskeletal tumor?

RECOMMENDATION: Based on the available literature, we recommend drains be removed within 24 hours of surgery.

LEVEL OF EVIDENCE: Limited

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

RATIONALE
Drains are plastic tubes that are used to prevent the formation of 
surgical site serous pockets (seromas) and blood pockets (hema-
tomas), both of which may act as a space for potential surgical 
site infection in addition to causing pain [1]. In orthopaedics, 
drains are commonly used to reduce collection of fl uid around 
the joint and potentially reduce subsequent SSIs despite litt le 
evidence showing their benefi t [2,3]. The utilization of closed 
suction drainage systems in primary arthroplasty has been 
debated for many years. Anecdotally, the benefi ts of a drain are 
thought to be prevention of hematoma formation and therefore 
improved wound healing and decreased infection rates [2]. The 
main disadvantage is the creation of a communication between 
the deep tissues and the surrounding environment, providing a 
conduit for bacterial contamination [2]. In fact, drains are known 
to be risk factor for SSIs [4]. Patel et al. have reported a relative risk 
increase in SSIs of 42% with each additional day of wound drainage 
[5]. Despite the scarcity of evidence supporting their benefi t and 
known risks, orthopaedic surgeons continue to utilize drains in 
their procedures [6]. 

PJI rates after elective total joint replacement are reported 
between 1-2% [7,8]. However, the risk of PJI following EPR is even 
higher with rates ranging between 10-25% [9,10]. Because drains are a 
known risk factor for SSIs, their use in orthopaedic oncologic proce-
dures is of particular concern. Oncology patients are at increased 
risk because many of them are immunocompromised. Secondly, this 
patient population often develops a large dead space after tumor 
resection necessitating placement of a surgical drain to prevent 
hematoma formation in the postoperative period.

A large meta-analysis of all randomized controlled trials of 
drain use in orthopaedic surgery was published by Parker et al. 
in 2004. They found no signifi cant diff erence between wounds 
treated with and without drains with respect to the develop-
ment of wound infection, wound hematoma or reoperations for 
wound complications [11]. However, the drained wounds did have 
a signifi cantly greater need for blood transfusion [11]. These overall 
fi ndings have been shown in numerous other studies of patients 
undergoing arthroplasty, general surgical and orthopaedic trauma 
procedures [12–14].

In 2007, a Cochrane Systematic Review was conducted to assess 
the utilization of drains in orthopaedic surgery. Thirty-six studies 
involving 5,464 patients with 5,697 surgical wounds were included 
[2]. Many orthopaedic procedures were utilized, although there was 
no specifi c mention of oncologic patients in the review. Pooling 
of results showed no statistically signifi cant diff erence in the inci-
dence of wound infection, hematoma, dehiscence or reoperation 
between those who had a drain and those who did not [2]. The inci-
dence of SSI was 1.9% in patients who received a closed suction drain 
and 2.4% in those who did not [2]. Blood transfusions were required 

more frequently in those who received drains [2]. Previous litera-
ture has found an association between blood transfusion and infec-
tion in both the arthroplasty and orthopaedic oncology literature 
[15,16]. Despite the described fi ndings of previous literature and the 
increased blood transfusions in the drain group, an independent 
relationship between drain placement and infection was not found 
in the Cochrane review [2]. 

In terms of the timing of drain removal, the literature remains 
inconclusive. In their prospective study of 214 uninfected ortho-
paedic operations, Sankar et al. found no signifi cant correlation 
between wound infection and duration of drain retention [17]. 
Another prospective study examined total hip and knee arthroplasty 
patients who all received suction drains. Upon drain removal, the 
patients’ drain-sites were swabbed and the drain tips were sent for 
culture [18]. This study demonstrated that the likelihood of bacterial 
colonization increased while wound drainage decreased over time; 
however, this does not necessarily translate to clinical development 
of SSI and their recommendation for removal at 24 hours must be 
cautiously considered [18]. 

Willett  et al. att empted to further examine the timing of drain 
removal by removing drains at 24, 48 or 72 hours and culturing the 
aspirates taken from the drain tip; they found increasing rates of 
positive cultures in the groups where the drain was removed later. 
However, this diff erence was not statistically signifi cant [19]. The 
authors of this study conclude that their data affi  rm the risk of retro-
grade infl ux of organisms along the drain track if the drain remains 
in place longer than 24 hours [19]. However, because their results 
were not statistically signifi cant, they were incorrectly drawing this 
conclusion. 

From the arthroplasty and surgical literature, there is no 
evidence of benefi t to extending antibiotic duration until drains 
are removed; however, this has not specifi cally been evaluated in 
a musculoskeletal oncology patient population [20,21]. Due to the 
scarcity of quality literature in this area and the lack of evidence 
suggesting a relationship between utilization of drains and SSI, 
an evidence-based recommendation regarding the use of drains 
and the timing of their removal cannot be made for orthopaedic 
oncology patients.
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QUESTION 3: Does the type of fi xation (cemented vs. uncemented) of an oncologic 
endoprosthesis infl uence the incidence of subsequent surgical site infection/
periprosthetic joint infection (SSI/PJI)?

RECOMMENDATION: There is confl icting evidence surrounding this topic. Multiple studies have demonstrated superiority with cemented fi xa-
tion of an oncologic endoprosthesis while others have suggested superiority with uncemented fi xation. Therefore, the choice of the method of 
fi xation should be made on the basis of all clinical indications, other than the infl uence of fi xation on subsequent SSI/PJI.

LEVEL OF EVIDENCE: Limited

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

RATIONALE

Limb salvage surgery has become the treatment of choice for 
musculoskeletal cancers due to advances within the fi eld of ortho-
paedic oncology. The use of an oncologic endoprosthesis has 
become the procedure of choice in limb salvage surgery. Though 
there are many benefi ts in utilizing an endoprosthesis, the devel-
opment of subsequent infection is one of the most common and 
feared complications. 

Multiple studies have been conducted to examine the risk 
of postoperative infection associated with the type of fi xation 
(cemented vs. uncemented). Moreover, the approval and universal 
use of antibiotic-impregnated cement has altered the landscape as it 
relates to the risk and type of infection.

A systemic review of 40 studies examining distal femoral 
replacement (DFR) cases and proximal tibial replacement (PTR) 
cases showed mixed results. One hundred and nine (5.8%) of 1,894 
cemented DFR cases became infected while 65 (9.0%) of 721 unce-
mented DFR cases became infected. This diff erence was found to be 
statistically signifi cant [1]. For cemented DFR replacements, linear 
regression analysis showed that the risk of infection increased 
over time (p < 0.001), but the risk for infection in uncemented DFR 
implants did not increase over time. The same systemic review 
showed that 109 (15.2%) of 716 cemented PTR cases became infected 
while 56 (14.1%) of 396 uncemented PTR cases became infected; this 
diff erence was not found to be statistically signifi cant. The incidence 

of infection in PTR cases did not increase over time, regardless of the 
fi xation method [1].

Pala et al. [2] reported that 20 (9.1%) of 220 endoprostheses origi-
nally implanted in patients with either a lower extremity primary 
bone tumor or metastatic disease became infected. Of these 20 cases, 
12 (10.3%) were cemented and eight (7.7%) were uncemented. In addi-
tion, survival of cemented endoprostheses to infection was 68% at 60 
months, while survival of the uncemented endoprostheses was 82% 
at 60 months [2]. Finally, in both univariate and multivariate anal-
yses, the only variable that was found to be a predictor of survival was 
uncemented fi xation [2]. 

The infection rates of endoprostheses vary widely in the litera-
ture. Studies investigating the infection rate after cemented fi xa-
tion of an endoprosthetic device yielded an infection rate ranging 
from 5.2% to 21.9% [3–7]; studies investigating the infection rate after 
uncemented fi xation yielded rates ranging from 9.7% to 12% [8–10]. 
A condition of equipoise exists resulting from the confl icting data 
supporting cemented or uncemented fi xation and the incidence of 
subsequent SSI/PJI.

REFERENCES
[1] Haijie L, Dasen L, Tao J, Yi Y, Xiaodong T, Wei G. Implant survival and compli-

cation profi les of endoprostheses for treating tumor around the knee in 



Section 1   Prevention 847

adults: a systematic review of the literature over the past 30 years. J Arthro-
plasty. 2018;33:1275-1287.e3. doi:10.1016/j.arth.2017.10.051.

[2] Pala E, Mavrogenis AF, Angelini A, Henderson ER, Douglas Letson G, 
Ruggieri P. Cemented versus cementless endoprostheses for lower limb 
salvage surgery. J BUON. 2013;18:496–503.

[3] Ahlmann ER, Menendez LR, Kermani C, Gotha H. Survivorship and clinical 
outcome of modular endoprosthetic reconstruction for neoplastic disease 
of the lower limb. J Bone Joint Surg Br. 2006;88:790–795. doi:10.1302/0301-
620X.88B6.17519.

[4] Bickels J, Witt ig JC, Kollender Y, Henshaw RM, Kellar-Graney KL, Meller I, et al.
Distal femur resection with endoprosthetic reconstruction: a long-term 
followup study. Clin Orthop Relat Res. 2002:225–235.

[5] Zeegen EN, Aponte-Tinao LA, Hornicek FJ, Gebhardt MC, Mankin HJ. Survi-
vorship analysis of 141 modular metallic endoprostheses at early followup. 
Clin Orthop Relat Res. 2004:239–250.

[6] Sharma S, Turcott e RE, Isler MH, Wong C. Experience with cemented large 
segment endoprostheses for tumors. Clin Orthop Relat Res. 2007;459:54–59. 
doi:10.1097/BLO.0b013e3180514c8e.

[7] Unwin PS, Cannon SR, Grimer RJ, Kemp HB, Sneath RS, Walker PS. Aseptic 
loosening in cemented custom-made prosthetic replacements for bone 
tumours of the lower limb. J Bone Joint Surg Br. 1996;78:5–13.

[8] Gosheger G, Gebert C, Ahrens H, Streitbuerger A, Winkelmann W, Hardes J. 
Endoprosthetic reconstruction in 250 patients with sarcoma. Clin Orthop 
Relat Res. 2006;450:164–171. doi:10.1097/01.blo.0000223978.36831.39.

[9] Mitt ermayer F, Krepler P, Dominkus M, Schwameis E, Sluga M, Heinzl H, et al.
Long-term followup of uncemented tumor endoprostheses for the lower 
extremity. Clin Orthop Relat Res. 2001:167–177.

[10] Griffi  n AM, Parsons JA, Davis AM, Bell RS, Wunder JS. Uncemented tumor 
endoprostheses at the knee: root causes of failure. Clin Orthop Relat Res. 
2005;438:71–79.

•    •    •    •    •
Authors: Takeshi Morii, Timothy L. Tan

QUESTION 4: Does the use of incise draping with antibacterial agents (iodine) infl uence the risk 
for subsequent surgical site infection/periprosthetic joint infection (SSI/PJI) in patients 
undergoing musculoskeletal tumor surgeries?

RECOMMENDATION: There is some evidence claiming that antimicrobial-impregnated incise drapes result in a reduction in bacterial 
contamination at the surgical site. However, there is litt le evidence to demonstrate that it results in a subsequent reduction in the incidence of 
SSI and/or PJI. 

LEVEL OF EVIDENCE: Limited

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

RATIONALE

Surgical incise drapes are often used by surgeons to reduce bacterial 
recolonization of the surgical site with host fl ora that may poten-
tially predispose the patient to subsequent infection. Furthermore, 
it is important to diff erentiate antimicrobial-impregnated drapes 
from non-impregnated drapes as the addition of an antimicrobial 
agent, such as iodophor, may have a diff erent eff ect on the rate of 
recolonization. The rationale behind the antimicrobial drape is 
that the incise drape can act as a physical barrier to block bacte-
rial proliferation on the skin and potential entry into the surgical 
wound.

Multiple studies have demonstrated that incise drapes can 
result in a reduction in bacterial recolonization. In a prospective 
randomized controlled trial of 101 hips undergoing hip preserva-
tion surgery, Rezapoor et al. found that iodine-impregnated drapes 
resulted in a signifi cant reduction (12.0% vs. 27.4%) in bacterial coloni-
zation compared to those without drapes [1]. Furthermore, Milandt 
et al. reported that the use of iodine-containing incision drapes 
did not increase bacterial recolonization in simulated total knee 
arthroplasty [2]. Dewan et al. reported that the use of an iodophor-
impregnated plastic incise drape in abdominal surgery reduced the 
contamination of the wound [3]. Casey et al. evaluated the antimi-
crobial effi  cacy of an iodine-impregnated incise drape against meth-
icillin-resistant S. aureus (MRSA) in a skin model and concluded that 
it had detectable antimicrobial activity [4].

While there is evidence to suggest that impregnated incise 
drapes result in a reduction of bacterial colonization, there is 
confl icting evidence demonstrating that impregnated incise 
drapes result in a signifi cant decrease in the infection rate. Ritt er 
et al. demonstrated a considerably low rate of SSI incidence 
(0.46%) in total arthroplasties performed with an antimicrobial 
incise drape [5]. In addition, Yoshimura et al. found that the lack 
of an iodophor-impregnated drape was a signifi cant risk factor for 

wound infection after liver resection [6]. In contrast, a randomized 
study by Dewan et al. suggested that iodine-impregnated drapes 
did not result in a signifi cant reduction in SSI rate in abdominal 
and cardiac surgery [3]. Furthermore, a randomized study by Segal 
and Anderson showed only a tendential reduction in the rate of 
SSIs by iodophor-impregnated adhesive drapes in high risk cardiac 
surgery [7]. Additionally, no SSIs were observed in a retrospective 
review of 581 patients undergoing anterior cervical fusions without 
iodophor-impregnated incision drapes. It was concluded that the 
use of iodophor-impregnated incision drapes during anterior 
cervical fusion was not needed [8]. 

In a Cochrane review of 3,082 patients, Webster et al. found that a 
higher proportion of patients developed surgical site infection with 
plastic drapes than patients in whom no drapes were used (p = 0.03) 
[9]. However, no diff erence was found when iodophor-impregnated 
drapes were used (rate ratio (RR) 1.03, 95% confi dence interval (CI) 
0.06 to 1.66, p = 0.89), which further highlights the importance of 
discriminating between antimicrobial and regular plastic incise 
drapes. In the World Health Organization guideline [10], four of the 
above-mentioned studies (one randomized-controlled trial (RCT) 
[7], one quasi-RCT [11] and two observational studies [6,12]) were 
identifi ed that assessed the eff ect of using single-use adhesive incise 
drapes to reduce SSI. They commented that the two RCTs showed 
the use of antimicrobial-impregnated incise drapes may have some 
adverse eff ect, but the eff ect estimate was not statistically diff erent 
from the control group. Furthermore, they noted that the observa-
tional studies reported that there may be a benefi t in using antimi-
crobial-impregnated incise drapes, but the eff ect was not statistically 
diff erent from the control group. They concluded that the quality 
of evidence for these comparisons was very low for both the rand-
omized control trials and the observational studies due to the risk of 
bias and imprecision or inconsistency.
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There is an extensive number of publications demonstrating 
that the use of antimicrobial-impregnated incise draping leads to 
a lower incidence of surgical site contamination. Studies demon-
strating the benefi cial eff ect of incise draping in reduction of surgical 
site infection, especially after tumor surgery, are lacking. 
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QUESTION 5: Does the use of soft tissue att achment meshes increase the risk for subsequent 
periprosthetic joint infection (PJI) in patients undergoing oncologic endoprosthetic 
reconstruction?

RECOMMENDATION: The current literature indicates that there is no increased risk of PJI in this patient population with the use of soft tissue 
att achment meshes. However, there are few studies directly comparing the use of mesh vs. not using mesh in comparable tumors/surgical loca-
tions, so further comprehensive study on the topic is necessary to say with reasonable certainty that there is no connection. 

LEVEL OF EVIDENCE: Limited

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

RATIONALE

The reported infection incidence after tumor resection and replace-
ment with an endoprosthesis varies widely in the literature, ranging 
from 7.8% to 25% [1–3]. Tumor type and surgical site have a signifi cant 
infl uence on the infection incidence [3,4]. Despite the variation 
reported in the literature, the infection burden for these procedures 
is much greater than that of primary joint replacement surgery for 
which the infection rate of hips and knees is estimated at 1% [5]. 

Infection in endoprosthetic reconstruction cases has been 
att ributed to multiple sources, one of which is the use of surgical 
mesh. Surgical mesh has been suggested to act as a vehicle for infec-
tion. This risk is increased when the mesh is used alongside a large 
implant or neoadjuvant chemotherapy. Henderson et al. investi-
gated complication incidence in a series of 534 endoprosthetic fail-
ures and found that infection was the most common mode of failure 
[4]. Cho et al. examined risk factors related to infection in a cohort 
of 62 patients who underwent proximal tibial endoprosthetic recon-
struction. Prostheses were removed due to infection in 25.8% of the 
patients; however, application of synthetic mesh to stabilize the 
patella was not found to be a signifi cant risk factor, nor was chemo-
therapy [1]. A 2017 study investigated patient outcomes using BARD® 
mesh for endoprosthetic reconstruction and reported that only one 
case of deep infection and two cases of superfi cial infection devel-
oped out of 51 patients [6]. A systematic review of reconstruction 

techniques after resection of proximal humeral tumors found that 
megaprosthesis with mesh had an infection rate of 4%, which was 
between the rates of hemiarthroplasty (0%) and reverse shoulder 
arthroplasty (9%) [7]. 

Polyethylenterephtalate mesh, known as a Trevira® tube, is a 
mesh option used for endoprosthetic reconstruction. A 2001 study 
of 69 megaprostheses implants with Trevira tube for soft tissue 
reconstruction reported that there was no signifi cant increase in 
the rate of infection compared to implantation without a Trevira 
tube [8]. Similarly, Maccauro et al. examined a cohort of 36 patients 
with solitary bone metastases who underwent resection and endo-
prosthetic reconstruction, of which 20 of the patients received a 
Trevira tube. They also detected no signifi cant diff erence in infec-
tion rate between patients who did and did not receive a Trevira tube 
[9]. Additionally, Schmolders et al. determined that replacement of 
the proximal humerus using a Trevira tube in combination with a 
modular endoprosthesis is a safe and viable treatment option for 
both bone tumors and metastases. They observed no statistically 
signifi cant increased risk of infection by using a Trevira tube, even 
among immunosuppressed patients [10].

Surgical meshes for reconstruction of abdominal wall hernias 
and groin region hernias have been successfully used since the 1940s 
[11]. While abdominal hernia repairs do not incur the additional 
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infection risks of endoprosthesis implantation and immunosup-
pressive eff ects of neoadjuvant therapy, patient outcomes using 
synthetic mesh for abdominal hernia repair have been well studied 
and provide some insight regarding infection rates associated with 
the use of mesh. A recent meta-analysis of 10 randomized controlled 
trials comparing abdominal hernia surgery outcomes using mesh vs. 
surgical suture detected no signifi cant diff erence in infection rates 
between the 2 groups. However, the mesh group did demonstrate 
signifi cantly lower incidence of recurrent hernia than the surgical 
suture group, leading the authors to conclude synthetic mesh was a 
highly effi  cacious repair technique [12].

In summary, the published literature suggested litt le or no 
association between the use of mesh for soft tissue att achment with 
endoprosthetic reimplantation and development of subsequent PJI. 
Further study is needed before it can be conclusively determined 
that the use of soft tissue att achment meshes does not increase the 
risk for subsequent infection in patients undergoing oncologic 
endoprosthetic reconstruction. Future investigation should utilize 
larger cohorts and control for tumor type and location so that the 
use of mesh can be bett er isolated as the variable of interest.
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QUESTION 6: Should endosprosthesis and/or allograft bone be soaked in antibiotic solution or 
antiseptic solutions prior to implantation in patients?

RESPONSE: Unknown. There is no evidence to suggest that the use of a pre-implantation antibiotic or antiseptic soak of an endoprosthesis or 
massive allograft would reduce the rate of surgical site infection/periprosthetic joint infection (SSI/PJI).

LEVEL OF EVIDENCE: Consensus

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

RATIONALE

In the oncologic literature, infection rates following metallic endo-
prostheses and bulk allograft surgery are high. In a systematic review, 
Henderson et al. found the rate of infection-related failure of endo-
prostheses to be 7.4%, when all anatomic locations were taken into 
account. Proximal tibia replacements and total femur replacements 
were noted to be at particular risk for infection, requiring revision 
surgery in 19.7% and 17.5% of cases, respectively [1]. In a systematic review 
of pediatric oncology patients, Groundland et al. found an infection 
rate of 12.9% and 17.1% when bulk osteoarticular allografts were used 
to reconstruct the distal femur and proximal tibia, respectively [2].

While not fully understood or rigorously investigated, the 
causes of these high rates of infection are likely multi-factorial, 
including extensive surgical dissections and resections, substantial 
blood loss, implantation of large constructs with foreign material 
and, in the case of oncology patients, a potentially immunosup-
pressed host. 

Any measure that leads to decreased infection rates of metallic 
endoprosthesis and massive allograft reconstruction would be 
desirable. Given the prevalence of the problem and the severity 
of the consequences of deep infection, even weak evidence 
supporting a decrease in infection rates would be worth consid-
ering. While a few interventions have been noted to be benefi cial, 
as reported in retrospective case series, no rigorous, prospective 
studies have been completed in this population [3–8]. Regarding 
the question above, there is no evidence to support or reject the 
use of a pre-implantation antiseptic soak of the endoprosthesis (or 
allograft). Local application of an antibiotic solution (e.g., genta-
micin) around prosthesis before closing the incision in conjunc-
tion with a parenteral agent as antibiotic prophylaxis is routine 
practice in some institutions [9]. However, antibiotic solutions 
have been found to off er no advantage over saline in the removal 
of bacteria from bone, titanium or stainless steel. In addition, there 
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are no effi  cacy data to support the use of antibiotic soaks in proce-
dures with sterile prosthesis insertion [10,11]. There are no high 
quality trials testing the eff ectiveness of antiseptic soaking of pros-
thesis before implantation [12]. Moreover, antiseptics could exert 
changes in materials used for total arthroplasty (e.g., titanium 
alloy or hydroxyapatite), cause chondrolysis or pose cytotoxicity to 
human fi broblasts and osteoblasts [13,14].

Conceptually, a pre-implantation soak would decrease the bacte-
rial load on the implant immediately prior to implantation, thereby 
reducing the risk of an infection caused by direct seeding of the 
wound bed by the implant itself. In an in vitro study bone fragments 
soaked with a solution of gentamicin or vancomycin for 30 minutes 
were loaded with an antibiotic concentration, 5-fold the minimum 
inhibitory concentration (MIC) values would be needed to provoke 
bacterial regression [15]. It has been also shown that in vitro decon-
tamination of bone allografts contaminated with coagulase-nega-
tive Staphylococci is feasible after soaking bone with gentamicin or 
rifampicin for 60 minutes [16]. However, clinical studies are lacking, 
and there are no randomized controlled trials or systematic reviews 
that have evaluated soaking endoprosthesis or allograft bone in anti-
biotic or antiseptic solutions before implantation for the preven-
tion of surgical site infections [17]. Two facts belie this practice. First, 
there is no published evidence that sterilized implants (endopros-
thesis or allograft) routinely become colonized or contaminated 
from their unpackaging to implantation. Second, most infections 
in endoprosthesis and massive allograft surgery do not manifest in 
the perioperative period; rather, the average time to failure due to 
infection occurs years after the index surgery. In their report of 2,174 
endoprosthesis surgeries, Henderson et al. reported an overall time 
revision surgery due to infection of 47 months, with a non-normally 
distributed standard deviation of 69 months [1]. The anatomic loca-
tion with the fastest time to infection-driven revision was the elbow, 
occurring at a mean of 16 months, while the proximal humerus had 
an infection time of 80 months. A pre-implant soak would have no 
theoretical impact on these late infections.
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QUESTION 7: Should a coated prosthesis (silver/iodine) be used for reconstruction of patients 
undergoing primary bone tumor resection?

RECOMMENDATION: Yes, silver coating and iodine coating of prosthesis show good results in prevention of infection after reconstruction 
following primary tumor resection.

LEVEL OF EVIDENCE: Moderate

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

RATIONALE

Megaprosthesis has been used to reconstruct limbs and large skel-
etal defects after resection of bone tumors for many decades. A 
signifi cant problem is the higher rate of infection as compared to 
an infection rate of < 1% after a standard primary arthroplasty proce-

dure. Many factors have been cited in literature which include length 
of surgery, OR environment, blood transfusions, soft tissue available 
for coverage and segment involved, e.g., tibia vs. femur. The average 
infection rate reported in literature is 10% (range 0–25%). 
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Silver coating of prosthesis is one of the methods studied so 
far. A number of retrospective studies have reported a decrease in 
the infection rate following use of silver-coated endoprosthesis. 
However, evidence from prospective and randomized trials is 
lacking [1]. See Table 1.

The Kanazawa group developed an iodine coating and 
published their results for the fi rst time in 2012. In their study, 
222 patients received iodine-coated implants of which 64 had 
active infection [2]. Their results suggest an even greater effi  cacy 
in prevention of infection as compared to silver coating interval 
and even eradication of infection in cases with active infection. 
Subsequent reporting by the same group in 2014 has also shown 

greater effi  cacy of iodine-treated implants in patients with trauma, 
bone loss due to infections and tumor resection as well as revision 
sett ing with previously infected implants [3].

REFERENCES
[1] Schmidt-Braekling T, Streitbuerger A, Gosheger G, Boett ner F, Nott rott  M, 

Ahrens H, et al. Silver-coated megaprostheses: review of the literature. Eur J 
Orthop Surg Traumatol. 2017;27(4):483–489. doi:10.1007/s00590-017-1933-9.

[2] Tsuchiya H, Shirai T, Nishida H, Murakami H, Kabata T, Yamamoto N, et al.
Innovative antimicrobial coating of titanium implants with iodine. J 
Orthop Sci. 2012;17:595–604. doi:10.1007/s00776-012-0247-3.

[3] Shirai T, Tsuchiya H, Nishida H, Yamamoto N, Watanabe K, Nakase J, et al. 
Antimicrobial megaprostheses supported with iodine. J Biomater Appl. 
2014;29:617–623. doi:10.1177/0885328214539365.

•    •    •    •    •
Authors: Mitchell Schwaber, Yaakov Dickstein, Elizabeth Temkin

QUESTION 8: What is the most optimal local antimicrobial delivery strategy during limb 
salvage: antibiotic cement, silver-coated implant, iodine-coated implant, topical vancomycin 
powder, injection of antibiotics via drain tubing or other?

RECOMMENDATION: Unknown. No direct comparison has been made of diff erent antimicrobial delivery strategies in oncological patients 
undergoing limb salvage procedures. 

LEVEL OF EVIDENCE: Limited

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

RATIONALE

Surgical excision of primary malignant tumors and metastases of 
the bone frequently leads to large skeletal defects. While once ampu-
tation was typically the only solution, the introduction of megapros-
theses and later modular megaprostheses has led to limb salvage 
becoming the standard of care [1]. Despite falling rates of mechanical 
failure, the risk of periprosthetic infection remains high in compar-
ison with conventional arthroplasty [2]. Treatment of periprosthetic 
infections often requires surgical intervention and prolonged anti-
biotic therapy [3]. Ongoing eff orts directed at fi nding an eff ective 
means of infection prophylaxis have been examined exclusively in 
small observational studies without direct comparison between 
methods, thus limiting their conclusions. 

Published studies appear to support the use of silver-coated 
implants. Data exist for limb salvage in sites including the hip, prox-
imal and distal femur, pelvis, proximal and distal tibia, humerus and 
radius [4–10]. Six cohort studies, all but one retrospective, compared 
oncological patients who received silver-coated implants with non-
coated (mostly titanium) implants [4–8,10]. The results across the 
studies were uniform with fewer patients who received silver-coated 
implants developing periprosthetic infections than the patients 
who received non-coated prostheses. 

Weak evidence from a single retrospective cohort study indi-
cates that alloy-type megaprosthesis may infl uence the risk of 
subsequent infection [11]. Signifi cantly more patients who received 
a cobalt-chrome prosthesis developed infection than patients who 
received titanium prostheses. 

Very weak evidence exists suggesting that iodine-coated mega-
prostheses may reduce risk of periprosthetic infection [12]. Similarly, 
there are limited data supporting the use of iodine-coated hardware 
in patients undergoing reconstruction [13]. 

Despite the body of evidence on antibiotic-impregnated cement 
in arthroplasty, only one case series examined its eff ects specifi cally 
in orthopaedic oncology patients who underwent total knee pros-
theses [14].
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[2] Racano A, Pazionis T, Farrokhyar F, Deheshi B, Ghert M. High infection rate 
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Section 2

Treatment

2.1. TREATMENT: IRRIGATION AND DEBRIDEMENT

Authors: Oscar Ares, John Abraham, John Strony, Keenan Sobol, Ignacio Moya, Andrea Sallent

QUESTION 1: How many irrigation and debridements (I&Ds) of an infected oncologic endopros-
thesis are reasonable before consideration should be given to resection arthroplasty?

RECOMMENDATION: Decision to repeat irrigation and debridement and retention of an infected endoprosthesis (DAIR) should be made based 
on comorbidities of the host, virulence of the organism, complexity of the reconstruction and status of the soft tissues. We believe DAIR performed 
more than two or three times is unlikely to be successful. 

LEVEL OF EVIDENCE: Consensus

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

RATIONALE

The utilization of musculoskeletal tumor surgery has increased 
through the years thanks to the increase in therapeutic alternatives. 
One of these alternatives is resection of the tumor and implanta-
tion of a tumor endoprosthesis. These surgeries are complex, long 
and aggressive for the surrounding tissues. There are many possible 
complications following these procedures, of which periprosthetic 
joint infection is one of the most feared.

Infection rates in primary musculoskeletal surgeries have been 
reported from over 5% to over 15% [1,2]. Several risk factors have been 
identifi ed, including malignancy of the primary tumor, surgical 
time, previous surgery, the use of chemotherapy and/or radiotherapy, 
tumor aff ectation of the skin and skin necrosis [3]. Identifi cation of 
these factors is crucial because the onset of infection increases the 
rate of morbidity, mortality, the number of subsequent procedures 
and amputation [4].

The optimal treatment for oncologic endoprosthesis infection 
is currently a matt er of debate. Several authors have investigated the 
role of DAIR, including the number of att empts that should be made 
before undergoing more aggressive surgery. 

Dhanoa et al. [5] reviewed 105 patients with oncologic endo-
prosthesis infections. In their experience, I&D could be performed 
when the case met the following criteria: acute onset infection 
(14–28 days), clear-cut diagnosis based on histopathology and 
microbiology, stable implant and susceptibility of the microor-
ganism to an eff ective orally-available antimicrobial agent. With 
this method they reported a 42.8% rate of infection eradication. In 
those patients in which debridement failed, a two-stage revision 
surgery would be performed without trying a second debride-
ment. A similar therapeutic strategy was demonstrated by Kapoor 
et al. [6]. Patients would undergo as much as one surgical debride-
ment before switching to two-stage revision if the debridement 
had failed. Both authors agree that late prosthetic infections are 
associated with poor results when treated by lavage, debridement 
or prolonged antibiotics administration. Therefore, removal of the 
infected prosthesis either as one- or two-stage procedure, resection 
arthroplasty or an amputation becomes necessary. Funovics et al. 
[2] reported a 50% eradication rate after surgical debridement. In 

their experience, when debridement alone failed, one-stage revi-
sion surgery was performed.

Not all authors view debridement as an inferior method in 
treating endoprosthetic infection, however. Allison et al. [7] treated 
329 musculoskeletal tumors and reported a 13.9% overall infection. 
Although they did not clarify how patients were selected for each 
treatment method, they reported a 70% healing rate after single-stage 
irrigation and debridement with exchange of the modular compo-
nent and varying degrees of suppressive antibiotics. That healing 
rate was superior to the one they achieved after revision, antibiotic 
spacer placement and subsequent reimplantation (62%). On the 
other hand, Jeys et al. [8] claim that I&D alone has a poor outcome in 
endoprosthetic infection. After treating 136 patients, they reported 
only a 6% eradication rate after debridement only. They also state that 
healing after resection arthroplasty was achieved in 50% of cases, but 
they do not specify the reason why patients were treated one way or 
another.

Not all authors believe that surgical debridement should be a 
step in management of oncologic endoprosthesis infection. Holtzer 
et al. [9] treated 18 patients with endoprosthetic infection. They 
considered debridement a poor option and thus performed one-
stage revision surgeries in all cases. Infection was eliminated in 14/18 
patients (77.78%). In a similar manner, Hardes et al. [10] treated 30 
patients and developed a therapeutic algorithm for oncologic endo-
prosthesis infection that did not include I&D. They believed that 
one-stage revision surgery should be performed whenever possible. 
If one-stage revision is not possible, then two-stage revision should 
be performed. If two-stage revision is not possible, then arthrodesis 
should be performed. Finally, if arthrodesis is not possible, then 
amputation should be performed. Out of 30 patients, 19 (63.33%) were 
cured with a one- or two-stage revision. Of the remaining 11, amputa-
tion was performed in 6/30 (20%).

In conclusion, it is unclear if I&D serves as a good alternative 
for the treatment of an infected endoprosthesis. In addition, the 
number of att empts that should be made towards I&D before revi-
sion surgery or amputation is uncertain. It seems that for acute infec-
tions with an antibiotic–sensitive microorganism, debridement 
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may be a good fi rst step in the treatment algorithm, but failure rates 
are high, and no more than two surgical debridements should be 
att empted before considering a revision surgery in order to achieve 
infection eradication.
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QUESTION 2: How should acute reinfection of an oncologic endoprosthesis be treated?

RECOMMENDATION: Acute reinfections in patients with oncologic endoprostheses demand treatment by surgical methods because the 
long-term administration of antibiotics alone is not suffi  cient. The most appropriate treatment modality for acute re-infection is debridement, 
antibiotics and implant retention (DAIR) with exchange of components. 

LEVEL OF EVIDENCE: Consensus

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

RATIONALE

Oncology patients represent a high-risk subset of the population. 
The implantation of endoprostheses in this cohort of patients leads 
to an increased risk of infection due to their immunocompromised 
state, previous radiotherapy, poor soft tissues, poor nutritional 
status or signifi cant comorbidities [1].

Many options have been proposed to prevent infections of an 
endoprostheis. However, there are no current appropriate guide-
lines or recommendations to guide optimal management of an 
acute endoprosthetic reinfection. There is a paucity of literature 
regarding the results of these diff erent procedures, though it has 
been shown that irrigation, debridement and prolonged antibiotic 
administration have the poorest results in treating late prosthetic 
infections [2]. Therefore, removal of the infected prosthesis either as 
one- or two-stage procedure or an amputation may be necessary [2]. 

Allison et al. reviewed 329 patients who had undergone arthro-
plasty surgery for defi nitive oncological treatment [3]. Of those 
that became infected and were treated with irrigation and debride-
ment without component exchange, there was a 42% success rate 
at eradicating infection. With single stage exchange, this increased 
to 70%. Two-stage revision led to a 62% success rate. Conversely, 
previous literature has associated two-stage revisions as having a 
higher success rate when compared with one-stage [4–6]. As one 
would expect, amputation has been shown to carry the highest rate 
of infection eradication. The risk of amputation due to an infected 
endoprosthesis has been reported to be between 23.5% and 87% [4,7,8]. 

Periprosthetic infection can lead to a poor functional outcome 
as well as an increased morbidity and mortality. Management of 
infections after reconstructive surgery for bone tumors is a chal-
lenge, requiring careful planning, consideration of the patient’s 
prognosis and a potentially aggressive surgical approach.
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QUESTION 3: Is irrigation and debridement and exchange of modular parts a viable option for 
treatment of acute periprosthetic joint infection (PJI) involving oncologic endoprosthesis? If so, 
what are the indications?

RECOMMENDATION: Yes. Irrigation and debridement with retention of prosthesis (DAIR) is a viable option for management of patients with 
infected endoprosthesis. The procedure may be off ered to patients with superfi cial early infection (< 3 months), short duration of symptoms
(< 3 weeks), well-fi xed implants and well-characterized organism demonstrating a highly susceptible pathogen. 

LEVEL OF EVIDENCE: Moderate

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

RATIONALE

Surgical reconstruction using an endoprosthesis after tumor resec-
tion is frequently associated with deep surgical site infection that 
leads to PJI. The prevalence of PJI associated with oncologic endo-
prosthesis is 7-28% compared to only 1-2% in primary joint replace-
ments. 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 immunodefi ciency. 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, debride-
ment, antibiotics and implant retention (DAIR) can be 
performed, especially in early acute infections (< 3 months). If 

DAIR fails to eradicate the infection, a two-stage revision is neces-
sary. In the 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]. Eradication of infection is generally 
worse after a single-stage revision and, of course, bett er after an 
amputation [4,7–9]. 

In order to optimize the treatment of patients with an infected 
oncologic endoprosthesis we performed a literature search to assess 
factors associated with successful eradication of the infection after 
DAIR. Although various studies assessed infection of oncologic 
endoprostheses, only few specifi cally evaluated the effi  cacy of DAIR 
[2,3]. We assessed the literature for indications as well as factors 
that infl uenced the treatment outcomes of DAIR. Due to the lack 

TABLE 1. PubMed relevant search terms

Database Search Terms Total

PubMed

English

Until 01 Feb 2018

PICO 1a: (((((infection) AND ((prosthetic joint OR endoprosthes* OR arthroplast* OR megaprosthes* OR 
tumourprosthes* OR tumorprosthes*))) AND ((oncolog* OR tumour OR tumor)))) AND ((two stage OR 
revision))) AND ((antibiotic* OR antimicrobial* OR holiday period))

39

PICO 1b: ((((((prosthetic joint OR endoprosthes* OR arthroplast* OR megaprosthes* OR tumourprosthes* 
OR tumorprosthes*))) AND ((oncolog* OR tumour OR tumor))) AND ((two stage OR revision)))) AND 
((chemo OR chemotherapy))

67

PICO 1c: ((((((prosthetic joint OR endoprosthes* OR arthroplast* OR megaprosthes* OR tumourprosthes* 
OR tumorprosthes*))) AND ((oncolog* OR tumour OR tumor))) AND ((two stage OR revision)))) AND 
radiotherapy

23

PICO 1d: ((((((prosthetic joint OR endoprosthes* OR arthroplast* OR megaprosthes* OR tumourprosthes* 
OR tumorprosthes*))) AND ((oncolog* OR tumour OR tumor))) AND ((two stage OR revision)))) AND 
((micro-organism OR bacter* OR culture))

44

PICO 1e: ((((((prosthetic joint OR endoprosthes* OR arthroplast* OR megaprosthes* OR tumourprosthes* 
OR tumorprosthes*))) AND ((oncolog* OR tumour OR tumor))) AND ((two stage OR revision)))) AND 
spacer

19

PICO 1f: ((((((((prosthetic joint OR endoprosthes* OR arthroplast* OR megaprosthes* OR tumourpros-
thes* OR tumorprosthes*))) AND ((oncolog* OR tumour OR tumor))) AND ((two stage OR revision)))) 
AND infection)) AND silver

10

PICO 2: ((((prosthetic joint OR endoprosthes* OR arthroplast* OR megaprosthes* OR tumourprosthes* 
OR tumorprosthes*))) AND ((oncolog* OR tumour OR tumor))) AND ((DAIR OR debridement OR irriga-
tion OR washout))

74
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of strong levels of evidence published in the form of meta-analyses 
or randomized controlled trials, we compiled a narrative review 
discussing various factors associated with infection control in onco-
logic endoprostheses. 

Search Strategy
A literature search was performed in PubMed with relevant 

search terms on the 23rd of January 2018. The literature search 
resulted in 83 hits. Additional articles for screening were selected 
from the reference lists. Articles that were not writt en in English 
or did not have full text available were excluded. Twenty-nine 
articles were excluded based on title and abstract. Another 4 arti-
cles were excluded after thorough reading of the full text articles, 
whereby we included 41 articles in our literature analysis (see 
Tables 3 and 4). 

DAIR procedure is one of the treatment approaches described 
for PJI of endoprostheses in cancer patients. However, treatment 
outcomes after DAIR are very variable and unpredictable in an 
oncology sett ing. Success rates vary between 39-70% [1,9–12]. Some of 
the reported factors that are associated with bett er outcomes after 
DAIR include superfi cial early infection, short duration of symp-
toms, well-fi xed implants and well-characterized microbiology 
demonstrating a highly susceptible pathogen [13–15]. Unfortunately, 
the studies that reported on DAIR outcomes have very variable 
periods of clinical follow-up (34 months –10 years).

The most common microorganisms causing infection of onco-
logical endoprostheses are Staphylococcus aureus and coagulase nega-
tive staphylococci, both account for > 50% of PJI. A large number 
of the documented infections were also polymicrobial infections 
accounting for 21-45% of cases [1,4,7,8,16]. There was no diff erence 
between monomicrobial and polymicrobial infections regarding 
outcome [4]. A study by Peel et al. was the only report demonstrating 
that the majority of infections of endoprosthesis were caused by 
multi-resistant microorganisms [9]. In one study, the success of 
outcome for DAIR as well as for two-stage revision for PJI of endo-
prosthesis did not show any correlation with the infecting organism 
[2]. It is important to note that the aforementioned results are based 
on a small number of patients, making generalizability of the fi nd-
ings somewhat limited.
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2.2. TREATMENT: ONE-STAGE EXCHANGE

Authors: Michiel van de Sande, Hiroyuki Tsuchiya, Daisuke Inoue

QUESTION 1: Does the use of iodine-coated or silver-coated implants make one-stage exchange 
arthroplasty possible in the management of patients with infected oncologic endoprosthesis?

RECOMMENDATION: Unknown. Current literature has advocated the advantages of surface-modifi ed coating (e.g., silver-coated, iodine-
supported implants). Recently, there have been several low-quality, small-scale studies showing promising results for using surface-modifi ed 
implants in one-stage exchange arthroplasty to treat infected oncologic endoprosthesis. However, to date there remains unsubstantiated evidence 
and large-scale, high-level evidence studies are necessitated.

LEVEL OF EVIDENCE: Limited

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

RATIONALE

The basic treatment for malignant musculoskeletal tumors is a 
combination of surgical treatment with adjuvant radiation and 
chemotherapy. Specifi cally, limb salvage surgery is becoming the 
standard treatment for oncologic patients, because the eff ectiveness 
of chemotherapy has immensely improved in recent decades [1]. 
Prosthetic reconstruction using an endoprosthesis provides the best 
possible level of functionality in patients who require a wide exci-
sion for a malignant bone or soft tissue tumor because of improved 
surgical techniques and implant devices. However, periprosthetic 
joint infection (PJI) continues to be a serious complication after the 
placement of an endoprosthesis and is not uncommon to observe 
[2]. Prior literature has demonstrated that the infection rate of an 
endoprosthesis ranged from 4-36% [3–6]. Therefore, prevention of 
PJI becomes an essential task for success, particularly in this patient 
population. An increasingly popular method used in preventing PJI 
is the utilization of surface-modifi ed implants with antimicrobial 
eff ects, such as iodine-coated or silver-coated implants.

Silver has been widely investigated because of its strong broad-
spectrum antibacterial properties, anti-biofi lm potential and low 
cytotoxicity [7–11]. Currently, there are several case series and a few 
case control studies that examine the success of one-stage revision 
arthroplasty using silver-coated implants for infected oncologic 
endoprostheses [12–17]. In a case series of four infected endopros-
theses, Zajonz et al. demonstrated that one-stage revision arthro-
plasty resulted in no subsequent reinfection of the endoprostheses 
[17]. Wafa et al. [16] conducted a case-control study comparing 
outcomes for silver-coated prosthesis versus unmodifi ed prosthesis 
in oncologic patients. In terms of single-stage revisions, they noted 
a lower rate of infection in the silver group compared to the control 
group, although this was not statistically signifi cant (5.1% vs. 12.5%; 
p = 0.249). There was, however, a marginally signifi cant decrease in 
infection rate for two-stage revisions with silver-coated implants 
(15% vs. 42.9%; p = 0.05). Hardes et al. reported that patients who 
initially underwent placement of a silver-coated prosthesis (n = 
51) had reduced total infection rates [13]. In addition, the infections 
that did develop required less aggressive treatment compared to 
the titanium implant control group (n = 74). Similar fi ndings were 
later produced by the same team for endoprostheses involving the 
proximal tibia in patients with sarcoma [18].

Iodine-supported implants also exemplify strong inhibition of 
biofi lm formation by preventing antibacterial att achment on metal 
surfaces similar to silver-coated implants [19–21]. There are three 
clinical reports that suggest the eff ectiveness of iodine-supported 
implants for patients with malignant bone or soft-tissue tumor 

[19–22]. Shira et al. showed that both one-stage (n = 11) and two-stage 
(n = 15) exchange arthroplasty with iodine-supported implants were 
suffi  cient to treat infection without need for additional surgery in 
all cases [19]. However, it is noted that one-stage revision surgery was 
employed for inactive or quiescent infections and two-stage revision 
surgery was indicated for active infections (defi ned by “active sinus 
discharge or abscess formation or C-reactive protein (CRP) > 0.5 mg/
dl”). Nevertheless, there is a need for prospective case-control studies 
or randomized controlled trials investigating the use of iodine-
supported implants in one-stage revision arthroplasty.

In conclusion, it is uncertain whether silver- or iodine-modifi ed 
implants are eff ective for one-stage revision arthroplasty in infected 
oncologic endoprosthesis based on limited literature. There are a 
few studies in circulation that are promising and advocate for their 
success in one-stage revision surgery for eradicating infection. This 
investigative team believes that additional larger-scale investiga-
tions involving randomized control trials, prospective cohort and 
case-control studies are warranted.
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QUESTION 2: Is there a role for single-stage exchange arthroplasty for patients with infected 
oncologic endoprosthesis?

RECOMMENDATION: In principle, despite the lack of suffi  cient evidence, single-stage exchange arthroplasty can be performed in patients with 
infected oncologic endoprosthesis if the general requirements to perform a single-stage procedure are fulfi lled. However, a single-stage revi-
sion without removing the anchorage components is not recommended, since bett er infection control can be achieved when prostheses were 
removed rather than salvaged.

LEVEL OF EVIDENCE: Limited

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

RATIONALE

Periprosthetic joint infections (PJIs) are serious complications of 
reconstruction of defects created by tumor resection. The recon-
struction in tumor surgery usually involves the use of modular endo-
prostheses. Infection following tumor surgery and reconstruction is 
relatively common, occurring in 8 to 35% of primary implants [1–3]. 
As limb salvage surgery has gained popularity over the recent years, 
the number of reconstruction procedures after tumor resection, and 
the ensuing infections, have increased [1–3].

Despite the high incidence of PJI following oncologic recon-
struction, and perhaps because of the relatively low volume of tumor 
reconstruction cases, there is a universal lack of high-quality studies 
related to PJI following oncologic reconstructions. The review of 
current available literature reveals only 12 relevant articles on infec-
tions following oncologic reconstructions using tumor endopros-
theses. Only six published articles reported the outcomes of single-
stage exchange arthroplasty [2,4–8]. However, it must be noted that 
some of the authors perform a single-stage revision with removal 
of all exchangeable and polyethylene components with debride-
ment of surrounding soft tissues but without removal of the fi xation 
anchoring components [2,4–8]. 

As presented by Buchholz et al. in the 1970s, the concept of classic 
single-stage exchange arthroplasty after infected total joint replace-
ment is the radical debridement and removal of all foreign materials 
[9]. Morii et al. found that infection control rates were signifi cantly 
higher when prostheses were removed rather than salvaged in a 

series of 57 patients with PJI of tumor endoprostheses [4]. According 
to Hardes et al., an optimal soft tissue condition is imperative for a 
successful limb salvage procedure [7].

Currently, there is no concrete evidence in the literature to 
answer the question, “What role, if any, does one-stage exchange 
arthroplasty play in the management of PJI after oncologic recon-
struction using modular endoprostheses?” However, borrowing 
from the hip and knee adult reconstruction literature, one can state 
that the rate of infection control is usually bett er when all prosthetic 
and foreign material are removed and new implants used either at 
the same time (one-stage exchange) or at a later date. It is also an 
agreed principle that the rate of infection control correlates with 
the extent of debridement and bioburden reduction. Applying these 
principles, we can state that one-stage exchange arthroplasty does 
have a role in the management of acute or chronic PJI following 
oncologic reconstruction. The question that remains and is some-
what unique to oncologic reconstruction is whether all foreign mate-
rial needs to be removed during one-stage exchange or some parts, 
such as the anchoring portion of the prosthesis in the bone, can be 
retained. The tendency would be to advocate that all foreign material 
should be removed during one-stage exchange. However, removal of 
the anchoring part of the prosthesis may not be possible or removal 
of this part may preclude a later reconstruction. Under these circum-
stances, sub-radical resection arthroplasty may be performed. It 
is critical, however, that the retained prosthesis is cleaned physi-
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cally and chemically with agents such as chlorhexidine or povo-
dine iodine scrubs and washed thoroughly. Obeying the general 
principle of infection surgery is likely to allow some patients with 
infected oncologic prostheses to be treated by one-stage exchange 
arthroplasty. Future research is needed to determine which group of 
patients would most benefi t from one-stage exchange arthroplasty 
versus two-stage exchange arthroplasty. 
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FIGURE 1. PRISMA Flowchart showing the identifi cation of relevant studies during the review process.

27 records from 
PubMed 

35 records from 
Google Scholar 

0 records from 
Cochrane 
Database 

17 duplicates 
removed 

7 non-English 
articles removed 

23 non-relevant 
titles/topics 

excluded 

3 non-relevant 
abstracts removed 

4 studies without 
relevant information 

excluded 

45 records identified 

38 records screened 

15 of full-text articles 
assessed 

12 of studies eligible for 
qualitative synthesis 

8 full-text papers included 
for systematic review 

In
cl

ud
ed

E
lig

ib
ili

ty
Sc

re
en

in
g

Id
en

tifi
 c

at
io

n



872 Part VII   Oncology

2.3. TREATMENT: RESEARCH CAVEATS

Authors: Germán Luis Farfalli, Peter Choong, Sam Francis

QUESTION 1: Should the management of periprosthetic joint infection (PJI) involving an onco-
logic endoprosthesis diff er from that of conventional joint replacement prostheses?

RECOMMENDATION: No. The management of PJI involving an oncologic endoprosthesis is similar to that of conventional joint replacement 
prosthesis.

LEVEL OF EVIDENCE: Limited

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

RATIONALE

Deep infection of primary total joint arthroplasty (TJA) is a cata-
strophic complication. However, the infection rate is relatively low 
[1]. Tumor endoprosthesis are essentially larger implants similar to 
those used in total joint replacements, although the type of surgery 
and the risk factors related to the type of patient diff er signifi cantly 
[2,3]. Therefore, a deep infection with these types of implants dras-
tically worsens the prognosis of the aff ected limb and signifi cantly 
increases the risk of amputation compared to conventional pros-
thetic arthroplasties [2,3].

Despite these diff erences in the rate of complications between 
primary arthroplasties and endoprostheses, the management of 
postoperative infections is similar. There is a general consensus that 
infections are divided into either early or late infections, according 
to the time of diagnosis [4–9]. 

Despite the large amount of literature analyzing PJIs, there are 
no comparative studies between management and outcomes nor 
between primary prostheses and endoprosthesis. There are only a 
limited number of retrospective studies focused on the outcomes 
of periprosthetic infections in endoprostheses [10–13]. Therefore, 
the management of infections in endoprostheses is based on proto-
cols used in primary prostheses. A new strategy that seems to be 
improving the results at the time of endoprostheses re-implant is 
silver-coated endoprostheses. Wafa et al. [14] suggests in a retrospec-
tive case-control study that the overall success rates in controlling 
infection by two-stage revision in patients treated with silver-coated 
endoprosthesis was 85%, compared to uncoated tumor prostheses 
(p = 0.05, Chi-square test). The Agluna-treated endoprostheses were 
associated with a lower rate of early periprosthetic infection. In addi-
tion, these silver-treated implants were particularly useful in two-
stage revisions for infection and in those patients with incidental 
positive cultures at the time of implantation of the prosthesis. 
Finally, they conclude that debridement with antibiotic treatment 
and retention of the implant appeared to be more successful with 
silver-coated implants.

There is no consensus in the management of an infected endo-
prosthesis given the limited data. The current recommendation is 
based on treatment of infected primary arthroplasties.
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2.4. TREATMENT: TWO-STAGE EXCHANGE

Authors: Paul Jutt e, Hesham Abdelbary, Claudia Löwik

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-
defi ciency. 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, bett er after an amputation [4,7–9]. 

Although various studies assessed infection after oncologic 
endoprostheses, only a few have specifi cally evaluated the effi  cacy 
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
Litt le is known about the use of antibiotics in two-stage revision 

for an infected oncologic endoprostheses. In all studies, antibiotic 
regimens diff ered per patient according to culture results and local 
protocol without specifi c 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 infl uence 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 confi rm 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 infl uence 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 infl uences 
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 diff erence 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 [9]. 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 diffi  cult to 
draw fi rm conclusions that can be generalized to all cases of infec-
tion associated with oncologic endoprostheses.

Silver-coated Arthroplasty
Few studies have reported on the benefi ts 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 PJI in 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 signifi cantly 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 bett er than the non-silver group (40 vs. 57%) [19].

Hardes et al. showed that silver 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 PJI of endoprostheses in cancer patients. However, treat-
ment outcomes after DAIR are highly variable and unpredictable in 
an oncology sett ing. Success rates vary between 39-70% [1,9,12,17,21]. 
Reported factors that are associated with bett er outcomes after DAIR 
include superfi cial early infection, short duration of symptoms, well-
fi xed 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–10 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 fi nd any reports of revision to a vascularized 
fi bular autograft or treatment with bone transport. Although these 
are both biological methods of reconstruction and their effi  cacy 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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QUESTION 3: What is the best surgical treatment for management of a chronically infected 
oncologic endoprosthesis? Does this change if the patient is receiving or has received recent 
chemotherapy and/or irradiation?

RECOMMENDATION: We recommend a two-stage revision in the management of a chronically infected oncologic endoprosthesis; however, we 
acknowledge that support for a one-stage exchange is increasing. There is no study to suggest that this recommendation should change if the 
patient is receiving or has received recent chemotherapy and/or irradiation.

LEVEL OF EVIDENCE: Limited

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

RATIONALE

Although the use of an endoprosthesis in the treatment of muscu-
loskeletal tumors has many advantages, infection of the endopros-
thetic device is a signifi cant complication. In addition to eradicating 
the infection, the goal in treating these infections is to salvage the 
limb and avoid amputation. There are numerous interventions used 
in the management of an endoprosthetic infection, including irri-
gation and debridement, one-stage revision, two-stage revision and 
amputation as a last resort. 

Jeys et al. demonstrated that two-stage revision was able to 
eradicate infection in 42 of 58 patients (72%), compared to a 47% (15 
of 32) success rate with one-stage revision and a 6% (4 of 68) success 
rate with local surgical debridement with or without antibiotics [1]. 
Morii et al. reinforce the idea that two-stage revisions have bett er 
outcomes compared to both a one-stage exchange and irrigation 
and debridement [2]. Finally, investigators in Malaysia reported an 
80% success rate with two-stage revision compared to a 42.8% success 
rate with surgical debridement without a change of the implant [3]. 

In addition to greater success rates, two-stage revision has 
demonstrated greater functional outcomes. Grimer et al. assessed 
the functional outcome of patients with a successful two-stage revi-
sion using the Musculoskeletal Tumor Society functional evaluation 
score. The scores ranged from 47% to 100% with a mean of 77% [4]. 
One study reviewed one-stage exchange which demonstrated a 77.8% 
success rate and suggested that one-stage revision of infected mega-

prostheses without exchange of anchorage components is a sensible 
and useful choice for patients with antibiotic-sensitive microorgan-
isms [5].

Given these results, we have concluded that two-stage revision 
is currently more supported by literature as a surgical treatment for 
the management of a chronically infected oncologic endoprosthesis. 
However, due to the presence of some confl icting data, the strength 
of this recommendation is limited, and we do believe that one-stage 
exchange with or without exchange of anchorage components may 
represent a feasible option. 

REFERENCES
[1] Jeys LM, Grimer RJ, Carter SR, Tillman RM. Periprosthetic infection in 

patients treated for an orthopaedic oncological condition. J Bone Joint Surg 
Am. 2005;87:842–849. doi:10.2106/JBJS.C.01222.

[2] Morii T, Morioka H, Ueda T, Araki N, Hashimoto N, Kawai A, et al. Deep infec-
tion in tumor endoprosthesis around the knee: a multi-institutional study 
by the Japanese Musculoskeletal Oncology Group. BMC Musculoskelet 
Disord. 2013;14:51. doi:10.1186/1471-2474-14-51.

[3] Dhanoa A, Ajit Singh V, Elbahri H. Deep infections after endoprosthetic 
replacement operations in orthopedic oncology patients. Surg Infect. 
2015;16:323–332. doi:10.1089/sur.2014.049.

[4] Grimer RJ, Belthur M, Chandrasekar C, Carter SR, Tillman RM. Two-stage 
revision for infected endoprostheses used in tumor surgery. Clin Orthop 
Relat Res. 2002:193–203.

[5] Holzer G, Windhager R, Kotz R. One-stage revision surgery for infected 
megaprostheses. J Bone Joint Surg Br. 1997;79:31–35.

•    •    •    •    •


