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Abstract. Periprosthetic knee infection (PKI) 
remains one of the most challenging complica-
tions after total knee replacement, especially if 
caused by multidrug-resistant (MDR) or extensive-
ly drug-resistant (XDR) organisms. Multiple treat-
ment options are available, such as long-term anti-
biotic suppression, surgical debridement with re-
tention of the prosthesis, definitive resection ar-
throplasty, arthrodesis, one-stage or two-stage 
revision procedures, amputation.

We present a rare case of a PKI caused by a 
XDR Klebsiella pneumoniae in a young patient 
who underwent a prosthetic reconstruction due 
to an osteosarcoma of the tibia. In this patient, 
the PKI has been treated using intravenous ad-
ministration of Amikacin and an Amikacin-im-
pregnated PMMA custom-made spacer. 

To our knowledge, only two cases that suc-
cessfully used hand-mixed antibiotic-loaded 
spacer based on antibiotic sensitivity for the 
treatment of PKI caused by MDR and XDR micro-
organisms have been reported in the literature.
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Introduction 

Peri-prosthetic knee infection (PKI) is a se-
vere complication of total knee arthroplasty that 
appears to be increasing due to a concomitant rise 
in total knee replacement1,2. 

In orthopedic oncology, knee prosthetic sys-
tems, called mega-prostheses due to the large 
bone resection and the size of the prosthesis, 
are commonly used. These mega-prostheses are 
widely used as a method of reconstruction after 

segmental resection of long bones in the ex-
tremities for their availability, immediate fixa-
tion, early weight bearing, and good functional 
recovery3. 

These mega-prostheses, together with the de-
velopment of adjuvant chemotherapy, have great-
ly improved the disease-free survival rate of 
patients affected by bone tumors, particularly in 
osteosarcoma patients, for whom amputation was 
the routine treatment4-6. 

Orthopedic procedures for oncological condi-
tions carry high infection rates. The treatment of 
infection in these patients is difficult and lengthy, 
and amputation is the only salvage procedure in 
case of failure7. 

The prevalence of resistant bacteria, and espe-
cially multidrug-resistant (MDR) or extensively 
drug-resistant (XDR), infecting total knee ar-
throplasties (TKA) has increased in the last 15 
years, making the treatment of infection more 
challenging2.

The use of antibiotic-loaded spacers helps in 
the management of large bone defects while pro-
viding a local high concentration of an antibiotic 
to which the bacterium is sensitive8,9. 

We present a case of a PKI caused by an XDR 
Klebsiella pneumoniae in a young patient who 
underwent a prosthetic reconstruction due to an 
osteosarcoma of the tibia.

Case presentation
We report of a 15-year-old woman who under-

went TKA mega-prosthesis for an osteosarcoma 
of the tibia (Figures 1 and 2).

Two months after surgery the patient pre-
sented with fever and secretion from the surgi-
cal wound.
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We performed wound swab culture, with 
the isolation of Acinetobacter baumannii. We 
decided for a two-stage revision treatment: 
the first stage was composed of removal of the 
prosthesis, obtainment of new microbiological 
samples and positioning of a spacer, handmade 
with pre-mixed antibiotic-loaded cement, Pala-
cos R + G (Heraeus Medical GmbH, Wehrhe-
im, Germany). The surgical procedure includ-
ed: removal of all hardware and bone cement, 

debridement of synovial membrane, pseudo-
membranes and necrotic tissue, debridement of 
the bone until healthy bone was exposed, and 
lavage with 2 L of 1:10 povidone-iodine:saline 
solution. Before lavage, we obtained 3 samples, 
sent for microbiological testing, and 1 tissue 
sample sent for histological examination. The 
microbiological examination found an XDR 
Klebsiella pneumoniae, only sensitive to Ami-
kacin with a Minimal Inhibitory Concentration 

Figure 1. A, Pre-operative X-ray in ante-
ro-posterior view (osteosarcoma of the tib-
ia). B, Pre-operative X-ray in latero-lateral 
view. 

Figure 2. A, Post-operative X-ray of the 
mega-prosthesis in antero-posterior view. B, 
Post-operative X-ray of the mega-prosthesis 
in latero-lateral view.
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(MIC) of 8. During the surgical procedure, 
after obtaining microbiological samples, an in-
travenous antibiotic therapy was started. The 
therapy was adjusted according to the micro-
biological testing results. One month after the 
surgical debridement, secretion from the surgi-
cal wound and fever were still present. 

At this stage, we decided to replace the spac-
er with an antibiotic-loaded hand-made spacer 
(Figure 3) based on the results of the microbi-
ological tests. During surgery, before implanta-

tion of the new spacer, all cement was removed 
and a thorough debridement and lavage were 
performed.

The spacer was made of 10 g of Amikacin 
powder manually mixed with 100 g of polymeth-
ylmethacrylate (PMMA) copolymer powder with 
a plastic spatula for 120 seconds, prior to adding 
the liquid monomer. We used Simplex bone ce-
ment (Stryker, Portage, MI, USA), which is a 
radio-opaque, low-viscosity cement. 

When the cement had reached the right tex-
ture, in order to increase the elution of the 
antibiotic and contact with the tissues, we per-
formed micro-fractures in the spacer with a 2.8 
mm drill. 

There was a loss of subcutaneous substance, 
which had been destroyed by infection. There-
fore, we decided to use Vacuum Assisted Closure 
(VAC) therapy in order to improve wound closure 
and as an aid in infection control. Initially, a neg-
ative pressure of 200 mm Hg via VAC had been 
applied. After 48-72 hours, it has been reduced 
to 150 mm Hg. VAC therapy was continued until 
the wound closure that was obtained in 2 months. 
During this period, we performed a wound de-
bridement, change of the sponge, and microbio-
logical testing every seven days. 

The patient continued intravenous antibiotic 
therapy until the negativization of microbiologi-
cal tests. When infection markers returned in the 
normal range, we positioned a knee uncemented 
arthrodesis implant (Figure 4). In this step, we 
performed a lavage with 2 L of 1:10 povidone-io-
dine:saline solution, as well. 

Figure 3. CT coronal section which show the PMMA cus-
tom-made spacer.

Figure 4. A, Post-operative X-ray of the 
mega-prosthesis locked in extension in an-
tero-posterior view. B, Post-operative X-ray 
of the mega-prosthesis locked in extension 
in latero-lateral view.
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A multidisciplinary team formed by orthopedic 
surgeon, infectious disease specialist, and pediat-
ric oncologist followed the patient for 12 months. 
At the last follow-up, the patient was able to walk 
with 2 crutches, and the wound was closed. 

Discussion and Literature Review
Periprosthetic knee infection is a complication 

associated with prosthetic failure. Incidence is 
increasing over the years, ranging from 0.4-2% in 
primary total knee replacement and 5.6% in revi-
sion surgery10-12. The infection rate in long-bone 
tumor surgery with prosthetic reconstruction is 
higher when compared with rates of conventional 
replacements7,13. The incidence of infection de-
pends on the location in which the prosthesis is 
implanted: infection occurs in up to 11% of cases 
in distal femur replacements, and up to 23% of 
cases in proximal tibia replacements13. 

The higher rate of infection associated with 
oncologic patients is due to a debilitated status 
caused by one or more of the following: the 
tumor itself, chemotherapy-induced immuno-
suppression and concomitant illness involving 
other organs, poor soft-tissue situations due to 
radiotherapy, the often prolonged operating times 
required, and – particularly with proximal tibia 
replacement – the difficulty of achieving muscle 
coverage of the prosthesis6,7,14,15.

The prevalence of resistant bacteria infecting 
TKAs has increased in the last 15 years, main-
ly due to the overconsumption of antibiotics in 
community and healthcare settings, inappropriate 
strategies of antibiotic prophylaxis and treatment 
and increased stay in intensive care units2. These 
microorganisms are resistant to commonly used 
antimicrobials and sensitive to few antibiotic 
drugs. In some cases, these microorganisms are 
sensitive only to high dose of single specific an-
timicrobials. These high doses are often not pos-
sible to administer because of their side effects. 
In the case reported, the K. pneumoniae isolated 
was sensitive to high dose Amikacin, that could 
not be administered because of its side-effects 
such as kidney damage and ototoxicity, occurring 
in 1-10% of patients. 

The two-stage revision could be used in PKI 
with a resistant organism with a failure rate be-
tween 11% and 17%2,16. Notwithstanding the high 
rate of reinfection, two-stage revision remains a 
viable treatment option for patients infected by a 
resistant organism at the site of the TKA16, as an 
alternative to amputation. 

In the literature, two cases of periprosthetic 
knee infection caused by XDR organism treated 
with a custom-made PMMA spacer based on 
the antibiotic sensitivity are reported (Table I). 
The first case is an infection by Pseudomonas 

Table I. Review of the literature.

Case  Organism isolated  Spacer used Concentration  Re-implantation
  and sensitivity  

Reference Pseudomonas aeruginosa Colistin-loaded
 no. 7  sensitive only to colistin  polymethylmethacrylate
   cement spacer  
Reference no. 16 Pseudomonas aeruginosa Colistin and tobramycin (200 g of Simplex P Re-implantation of
  susceptible only to colistin  spacer  containing 60x106 IU  prosthesis with 100 g
  and tobramycin    of colistin and 5 g  of bone cement
  (MIC = 2 mg/L for both)   of tobramycin  supplemented with
    after 6 weeks and   colistin at 50x106IU, 
    following measurement  so 20x106 IU for each
    of plasma levels  40 g of bone cement 
    of colistin the 
    concentration of 
    the colistin in the 
    spacer was increased 
    to 120x106 IU 
    in 200 g of bone 
    cement 
Our case Klebsiella pneumonia Amikacin spacer 10 g of Amikacin 50 g bone cement was 
 susceptible only    powder manually  supplemented with
 to Amikacin    mixed with 100 g  2 g of amikacin
 (MIC = 8 mg/L)



The use of custom-made antibiotic-loaded spacer in periprosthetic knee infection

23

aeruginosa sensitive only to Colistin of a revi-
sion prosthesis implanted for treatment of pseu-
darthrosis of a distal femoral fracture. In this 
patient, a Colistin-loaded PMMA cement spacer 
was implanted. The concentration of antibiotic 
has not been mentioned in the paper9. The sec-
ond case reported in the literature is an osteomy-
elitis caused by Pseudomonas aeruginosa sus-
ceptible only to Colistin and Tobramycin (MIC 
= 2 mg/L for both). Before re-implanting of a 
knee mega-prosthesis, the patient underwent the 
positioning of three antibiotic-loaded spacers. In 
the first revision, after the identification of Pseu-
domonas aeruginosa susceptible only to Colis-
tin and Tobramycin, a 200 g of PMMA spacer 
impregnated with 5 g of tobramycin was used. 
The microbiological test continued to be positive 
for Pseudomonas aeruginosa. It was, therefore, 
used a PMMA spacer loaded with high-dose 
of Colistin and Tobramycin (200 g of Simplex 
P containing 60x106 IU of Colistin and 5 g of 
Tobramycin)8. At this time, patient’s plasma 
colistin level was below the therapeutic range. 
Therefore, it was decided to double the colistin 
concentration in the PMMA spacer (120x106 IU 
colistin in 200 g of bone cement) and the intra-
venous Colistin was increased to 3x106 IU three 
times a day after a load dose of 9x106 (the previ-
ous dosage was of 2x106 IU three times a day). 
In this way, the infection was eradicated and a 
re-implantation of a cemented mega-prosthesis 
with a 100 g of bone cement added to 50x106 
IU Colistin (prophylactic dose). In this study, 
the recommended and tested concentration19 of 
colistin for each 40 g of cement wasn’t enough 
to obtain the therapeutic range (measuring the 
plasma Colistin levels), so authors decided to 
increase the Colistin concentration in the spacer 
and the intravenous dose of Colistin. 

Regarding hand-made antibiotic-loaded spac-
ers, great attention has been paid to the prepara-
tion of antibiotic-loaded acrylic cement, particu-
larly to concentration and elution characteristics 
of the drug and if single administered or asso-
ciated with another antibiotic. Relying on data 
reported by McLaren et al18, hand-mixed antibiot-
ic-loaded acrylic cement is not less homogeneous 
than commercially premixed formulations, so 
this kind of spacer can be used to treat particular 
PKI as a valid alternative to the traditional spacer. 

The recommended concentration that should 
be used in order to treat PKI is at least 3.6 g 
for each 40 g of PMMA or 12x106 IU in case of 
Colistin (Colistin sulfate 2.4% powder)19-22.

Gasparini et al19 reported elution characteris-
tics of each antibiotic-loaded cement. They con-
firmed the burst release of antibiotics in the first 
hour, followed by a lower elution rate. Consid-
ering Amikacin, there is an elution rate similar 
to that of Gentamicin (the most common drug 
in antibiotic pre-loaded spacers)19. Another char-
acteristic of antibiotic-loaded bone cement is 
that combining two antibiotics in bone-cement 
improves elution of both antibiotics17,19. 

We have used 10 g of Amikacin powder man-
ually mixed with 100 g of PMMA copolymer 
(Simplex bone cement) powder for 120 seconds 
before adding the liquid monomer.

We used the powder form of Amikacin be-
cause Ethell et al23 showed that elution of Amika-
cin powder from PMMA was greater than that of 
Amikacin solution. Moreover, an Amikacin dose 
effect was observed; in their study, the PMMA 
beads containing 250 mg of Amikacin powder 
per 2 g cement eluted significantly more antibi-
otic than the 125-mg beads.

Two-stage revision remains a viable treat-
ment option for patients with a PKI with a 
resistant organism. Mittal et al16 reported some 
recommendations (Table II) that should be fol-
lowed in the first procedure of implant removal: 
removal of all hardware and cement, thorough 
debridement of the synovial membrane, pseu-
domembrane, necrotic tissue and curettage of 
the region of osteomyelitis until encounter of 
healthy bone. Moreover, multiple specimens 
should be taken (for aerobic and anaerobic cul-
tures), and tissue should be obtained for frozen 
and permanent pathologic section. The use of 
dilute povidone-iodine lavage with a rapport of 
1:10 (povidone-iodine:saline solution) has been 
shown to have a role in acute PJI and to reduce 
the risk of deep surgical site infection24. As 
shown in some case reports of PKI and in a 
study of periprosthetic hip infections25-28, VAC 
therapy could be a good adjuvant treatment op-
tion for periprosthetic infections. It must be ap-
plied in case of loss of subcutaneous substance 
for wound closure and could be applied in a 
normal tissue for its role in controlling infection. 
We think that it could increase the elution rate 
of the antibiotic from the spacer, even if further 
studies are needed to prove so. 

In these rare cases (MDR or XDR microor-
ganism), an antibiotic-loaded bone cement to-
gether with a deep debridement, lavage with 
dilute povidone-iodine, and VAC therapy could 
be useful to treat these infections.
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Conclusions

This is the first report of an oncologic patient 
with a periprosthetic knee infection of Klebsiel-
la XDR successfully treated using hand-mixed 
Amikacin-impregnated PMMA spacer. 

This case-report with its review of the litera-
ture can be a valid help in order to treat PKI due 
to MDR and an XDR microorganism. 
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