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Introduction

Total joint arthroplasties (TJAs) are highly successful 
orthopaedic surgical interventions and are most frequently 
applied in patients with degenerative joint disorders. The 
number of TJAs being implanted annually is still rising due to 
an ageing population. It is estimated that approximately four 
million TJAs will be performed in 2030 in the USA alone 
(1). Even though these procedures are usually successful 
with substantial improvement in the patient’s quality of life, 
1–2% of patients with primary implants and 7% of patients 
with revised implants develop periprosthetic joint infection 
(PJI) (2). Although the prevalence of PJI is relatively low, its 
clinical impact is evident. Due to formation of a biofilm at 
the surface of the implant it is hard to treat PJI. This results 
in the need for extensive surgical re-interventions, which is 
accompanied by high morbidity (3).

As with TJAs indicated for degenerative joint disorders, PJI 
is also reported in patients with oncologic TJAs [periprosthetic 
infection of a megaprosthesis (PMI)]. The prevalence of PMI 
after oncologic TJA is much higher than after regular TJA 
and ranges from 7% to 28% (4-6). This higher prevalence is 
reasonably caused by local and systemic immunodeficiency, 
long duration of surgery, large wound areas and the use 
of large implants due to extensive tumor resection (7,8). 
Oncology patients are often immunodeficient because of the 
application of (neoadjuvant) chemotherapy or radiotherapy. 
Immunodeficiency leads to a decreased host defense, increased 
bleeding and compromised soft tissue healing. Moreover, due 
to prolonged duration of the procedure and a larger implant, 
the orthopeadic oncology patient has an even higher risk of 
compromised soft tissue healing. In addition, larger wound 
areas and resection could result in significant dead space and 
subsequently massive hematoma formation which further 
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increases the risk of infection (9).
In order to assess the risk of infection after oncologic 

TJA this article focuses on specific issues regarding PJI in 
orthopaedic oncological implant surgery, aiming to give 
directions for the prevention, diagnosis and treatment of PMI. 

Prevention

Antibiotic prophylaxis

Perioperative prophylactic antibiotic treatment has proven 
to be effective in reducing the risk of PJI after regular 
TJA from 5% to 1% when one preoperative dose and 
two postoperative doses of prophylactic antibiotics are 
administered within the first 24 hours after TJA (10). In 
oncologic TJA it is clinical practice in many hospitals to 
administer prophylactic antibiotics longer than 24 hours 
after TJA (up to 5 days). This is in line with the conclusions 
of a systematic review conducted by Racano et al. which 
showed that extended postoperative antibiotic prophylaxis 
can reduce the risk of PMI from 13% to 8% (8). Limitations 
of this review are the variety and inconsistency of antibiotics 
administered, lack of a clear definition of PMI, and low 
level of evidence of the included studies (8). These results 
emphasize the heterogeneity in the orthopaedic oncology 
patients compared to conventional orthopaedic patients, 
which indicates that various antibiotic prophylaxis strategies 
may be required. Thereby, it demonstrates the importance 
of composing evidence-based guidelines for antibiotic 
prophylaxis in oncologic orthopaedic surgery. Currently, 
an international multicentre study is performed to compare 
the effect of prophylactic antibiotic duration of 24 hours 
versus 5 days after oncologic TJA (PARITY study) (11). 
The results of this study may provide sufficient evidence on 
the appropriate duration of antibiotic prophylaxis. 

A different method of administering antibiotic prophylaxis 
is soaking the endoprosthesis and/or allograft in antibiotic 
or antiseptic solutions before implantation. This soaking 
could result in a reduced infection rate by releasing local 
antimicrobials and thereby diminishing the bacterial load on 
the implant prior to implantation. However, only few studies 
have been conducted to evaluate the effectiveness of this type 
of prophylaxis. Therefore, implementation of soaking as 
standard antibiotic prophylaxis remains debatable (12).

Endoprosthetic coatings 

The use of endoprosthetic coatings is an effective preventive 

measure for PMI. Endoprosthetic coatings provide a 
technique for the local delivery of antibiotics or antiseptics 
and show promising results in in vitro studies (13). These 
coatings can prevent bacterial colonization and promote 
ingrowth of the TJA, which is especially important in 
the application of cementless implants. Recent studies 
investigated the efficacy of silver coatings (14). Silver 
coatings possess bactericidal properties operating by 
disrupting the cellular membrane of microorganisms and 
preventing DNA formation. Several studies reported a 
decrease of 50% in the prevalence of PMI when using a 
silver coating compared to uncoated TJAs (15,16). Hardes 
et al. showed that silver levels remained present in the 
serum up to 24 months after implantation of the silver 
coated TJA, but despite this finding no adverse local tissue 
reactions or systemic toxicity were reported (17). Bosetti  
et al. determined the silver concentration in drains and 
seroma in patients with a silver coated megaprosthesis. Local 
argyria occurred in 23% of patients, independent of the silver 
concentration. No systemic toxic reactions to silver have 
been reported (18). Although results regarding silver coated 
prosthesis are promising, additional prospective studies are 
needed to confirm the effectivity of silver coated TJAs in 
oncology patients. 

Definition and classification

There are several guidelines that can be used for the 
definition and classification of PMI. The most commonly 
used definitions for general PJI are based on the guidelines 
developed by the Infectious Diseases Society of America 
(IDSA) and Musculoskeletal Infection Society (MSIS) 
(19,20). These general PJI definitions can also be applied 
to PMI. It is advised to use one of these two definitions, so 
that the results in literature are comparable and can be used 
for the estimation of the prognosis and success of treatment 
strategies. 

Diagnosis

Regarding the diagnosis of PMI, similar principles apply as 
for general PJI. The suspicion of PMI can be raised based 
on symptoms, radiological signs, serological markers and 
synovial markers. Regarding the symptoms of PMI, pain 
at the site of implant is a consistent symptom of infection 
in over 90% of cases of PMI (21). As for radiological signs, 
the following signs indicate PMI: a periosteal reaction, 
scattered foci of osteolysis, or generalized bone resorption 
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in the absence of implant wear (22). 
Various serological markers are available for diagnostic 

screening. The most commonly used markers are C-reactive 
protein (CRP), erythrocyte sedimentation rate (ESR) and 
white blood cell count (WBC). The combined use of CRP 
and ESR can be helpful in the diagnosis of PMI, since their 
combined sensitivity and specificity are 99% and 89%, 
respectively (23). After uncomplicated TJA the serum CRP 
level increases rapidly within 2 to 3 days, with normalization 
to the preoperative level in 2 to 8 weeks (24,25). The ESR 
increases more gradually than the CRP, with peak level 
between day 5 and 14 and normalization in up to 9 months 
after TJA (24,26). PMI should be suspected if CRP levels 
increase later than 3 days after TJA or remain elevated 
(25,27). Nevertheless, increased values of these serological 
markers may also be associated with oncologic conditions, 
which decreases their usefulness in oncology patients (28). 
Moreover, WBC may be reduced in oncology patients as a 
result of myelosuppressive chemotherapy. 

If PMI is suspected based on clinical symptoms, 
radiological signs or serological markers, joint aspiration 
should be performed. There are several synovial markers 
that can be used, of which CRP, WBC and percentage 
of neutrophils are most frequently used. Synovial CRP 
shows sensitivity 70–97% and specificity 79–100% (29,30), 
synovial WBC shows sensitivity 36–100% and specificity 
80–99% (31,32), and percentage of neutrophils shows 
sensitivity 84–100% and specificity 80–99% (31,32). The 
sensitivity can be improved by serial aspirations. Currently, 
other synovial biomarkers are being tested with good 
results, such as leukocyte esterase (33), alpha-defensin (34), 
and calprotectin (35). When PMI is suspected but cannot 
be confirmed by serological or synovial markers, bone 
scintigraphy, white blood cell scan or PET-scan can be 
performed. 

The golden standard for diagnosing PMI is obtaining 
positive intra-articular cultures. Before obtaining these 
cultures, antibiotics should be withheld for a minimum 
of 2 weeks, to minimize the risk of false-negative results. 
Nevertheless, a single dose of prophylactic antibiotics 
does not alter intra-articular culture results and should 
therefore not be withheld (36). The incubation period of 
cultures should be at least 7 days, although a minimum of  
2 weeks is advised (37). The most common microorganisms 
causing PMI are Staphylococcus aureus and coagulase negative 
staphylococci. Together they account for over 50% of PMIs. 
A large proportion of PMIs are polymicrobial infections 
(21–45%) (5,38). 

Treatment

DAIR versus revision surgery

Debridement, antibiotics and implant retention (DAIR) is 
one of the treatment strategies frequently applied for PMI 
in orthopaedic oncology patients, especially in early PMI 
(within 3 months after index surgery) (39,40). Nevertheless, 
infection control after DAIR varies widely with success 
rates varying from 39% to 70% (15,41,42). Several factors 
are associated with a higher rate of infection control 
after DAIR, including: early infection, short duration 
of symptoms, well-fixed implants and pre-operatively 
identified microorganisms (43). Unfortunately, studies 
studies reporting on the effectiveness of DAIR in oncology 
patients are scarce and have large variation in follow-up 
periods. In our opinion, DAIR should be used as the first 
treatment option in early PMI, especially considering the 
enormous consequences of removal of the large arthroplasty 
in oncology patients. 

If DAIR fails to eradicate the infection, two-stage 
revision surgery is usually necessary. In literature, high rates 
of infection control are reported for two-stage revision 
surgery, with success rates varying from 63% to 100% 
(4,38,44). Other treatment strategies include one-stage 
revision, suppressive antibiotics and amputation, but all are 
considered less appropriate as initial treatment for PMI, 
most importantly since the rates of infection control after 
one-stage revision are worse than after two-stage revision 
(5,38,45). In addition, rates of infection control are higher 
when DAIR and two-stage revisions are performed in 
patients with a silver coated TJA (15).

Use of a spacer in two-stage revision surgery

The use of antibiotic-loaded cement spacers in two-
stage revision surgery offers the advantages of delivering 
antibiotics locally at the site of infection while maintaining 
soft tissue tension to facilitate reimplantation of the TJA. 
In literature, no details are published on the design or 
composition of antibiotic-loaded cement spacers in case 
of two-stage revision surgery in PMI. Therefore, at this 
time point the current concepts of the use of spacers in 
two-stage revision in regular PJI should be applied to the 
oncology patients as well. According to these concepts, 
antibiotics added to the cement spacer should be heat-
stable and should provide coverage for the identified or 
suspected microorganisms causing the infection (46).  
Figure 1A illustrates the application of a customized spacer 
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Figure 1 Two-stage revision surgery in a patient with PMI. (A) Application of a customized two-component spacer after removal of a 
proximal tibia megaprosthesis; (B) reimplantation of a megaprosthesis; (C) use of a gastrocnemius muscle and free skin graft to cover the soft 
tissue defect.

during the first stage of two-stage revision surgery. If the 
soft tissue is of acceptable quality at the time of surgery, 
a two-component spacer is a good option to prevent 
stiffness of the joint. Figure 1B illustrates reimplantation 
of the implant during the second stage of revision surgery.  
Figure 1C shows that a gastrocnemius muscle flap with 
free skin graft is used to cover the soft tissue defect. This 
indicates that it is valuable to collaborate with a plastic 
surgeon to provide good soft tissue coverage in two-
stage revision surgery, especially in reconstructions in the 
proximal tibia and distal femur. 

Use of antibiotics in the treatment of PMI

Literature regarding the use of antibiotics in the surgical 
treatment of PMI is scarce. In the available literature on 
oncology patients, antibiotic regimens differed per patient 
according to the individual culture results and local protocol, 
about which no details were provided. Therefore, at this 
time point the current concepts for the use of antibiotics 
in regular PJI should be applied to oncology patients as 

well. In general, antibiotics are administered intravenously 
for at least 2 weeks, followed by oral antibiotics for at least  
10 weeks. The type of antibiotics is adjusted according to 
the culture results and resistance patterns, in consultation 
with an infectious diseases specialist.

Influence of radiotherapy and chemotherapy on infection 
control

Radiotherapy increases the risk of PMI (45,47). Also, it 
increases the rate of failure after two-stage revision for PMI 
(4,44). Postoperative radiotherapy is of bigger influence 
on the infection rate than preoperative radiotherapy. 
This especially accounts for DAIR procedures, in which 
postoperative radiotherapy negatively influences the quality 
of the soft tissues and therefore hampers the local defence 
mechanisms and local availability of antibiotics (47).

Several studies found an increased rate of PMI in patients 
receiving chemotherapy with incidences ranging from 18% 
to 32% (15,48,49), although other studies could not confirm 
these results (5,43,50). In patients receiving two-stage 
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revision surgery, it is advised to delay reimplantation of 
the TJA until completion of chemotherapy, because of the 
immunocompromised status of oncology patients receiving 
chemotherapy and the associated high-risk regarding re-
infection (43). 

Conclusions

While the diagnosis and treatment of regular PJI are 
already challenging, PMI poses additional challenges 
because of the immunocompromised status of oncology 
patients and extensive tumor resections. In general, regular 
PJI guidelines can be used for the prevention, diagnosis 
and treatment of PMI, although differences between 
regular patients and oncology patients should be kept in 
mind. Most importantly, wound healing after TJA should 
be monitored intensively, especially in patients receiving 
radiotherapy or chemotherapy, since these patients are 
immunocompromised and have a diminished quality of 
soft tissue surrounding the joint. Perioperative antibiotic 
prophylaxis could be extended in these patients to reduce 
the risk of PMI. Current ongoing studies may provide 
clear recommendations for this in the future. Furthermore, 
silver coated TJAs could provide beneficial effects in the 
prevention of PMI. In case PMI has developed, DAIR is 
the first choice of surgical treatment, especially in early 
infections. Two-stage revision surgery is a viable option 
in case DAIR is unsuccessful. Reimplantation of the TJA 
should be postponed until chemotherapy is completed. 
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