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Total hip and knee arthroplasty are among the most clinically 
successful and cost-effective interventions in medicine, however 
infection after arthroplasty is probably considered to be the most 
devastating and disastrous non-fatal complication experienced.  
Without doubt, the burden of infection comes at the greatest price to 
the patient. The process of going through additional surgery, and the 
psycho-social implications are among the most challenging issues. 
 

•The cost of infection after arthroplasty also has an exceptionally 
taxing economic impact on the Unites States healthcare system. 
Hebert et al. 1reported that the surgical treatment of patients with an 
infection after total knee arthroplasty required three to four times the 
amount of resources of the hospital and the surgeon compared with 
those required for a primary procedure and approximately twice 
those required for revision total knee arthroplasty because of aseptic 
loosening. Furthermore, they found that insufficient reimbursement 
resulted in an estimated net loss to the hospital of approximately 
$15,000 per patient and $30,000 per Medicare patient. 
 

•Currently the number of joint replacements performed in the United 
States continues to rise exponentially. It is projected that the demand 
for the number of primary hip and knee replacement combined will 
exceed 4 million by the year 2030 2.Infection is currently the most 
frequently reported reason for revision in TKA and makes up a 
significant percentage of THA revisions. It is projected  that the 
number of revisions for total hip and total knee will grow  by 137% 
and 601%, respectively, between 2005 and 2030 2. 
 

•Looking forward patient care should remain a priority. While the 
goal of every orthopedic surgeon is to prevent and minimize infection 
after joint arthroplasty, when infection does occur it should be 
managed in a manner which addresses the patients’ needs, giving 
them the best opportunity for eradication of infection in a prudent 
fashion, while offering them the best functional outcome possible.  
 

•Two-stage revision arthroplasty is currently the accepted method of 
treatment in North America  for chronic PJI 11,24,27-33. The surgery 
involves resection of the components and insertion of antibiotic 
spacer followed by reimplantation six to twelve weeks later. The 
rationale for the extended interval between two procedures is to allow 
delivery of antibiotics to eradicate possible underlying osteomyelitis. 
We have developed the abbreviated  two stage revision at our 
institution that allows reimplantation of implants typically within 7 
days after first stage. The latter is possible due to ability to deliver 
extremely high doses of intra-articular antibiotic combined with the 
favorable experience with negative pressure wound therapy. This 
abbreviated interval is beneficial for patients as it shortens the period 
of disability, and is likely to reduce the costs associated with 
treatment of PJI. 
 

•This study was designed to evaluate the outcome of abbreviated two-
stage exchange arthroplasty employed at our institution compared to 
traditional reimplantion techniques for PJI reported in the literature. 
 
 
 
 
 

INTRODUCTION 

MATERIALS AND METHODS  
 

•Between May 2005 to May 2009, 75 joints in 74 patients with PJI of the 
hip or knee were treated with abbreviated two stage exchange 
arthroplasty by a single surgeon at our institution. This study was 
approved by the institutional review board. All patients signed an 
informed consent prior to participating in the study. The cohort includes 
41 men and 33 women with a mean age of 63 years (range, 22-87 years). 
The average body mass index was 34 Kg/m2 (range, 19-56). Of the 74, 18 
patients had their index arthroplasty at our institution while 56 were 
referred from other institutions or surgeons.  
•A total of ten patients were excluded from the study group: One patient 
was septic initially, and died of sepsis prior to second stage. Two other 
patients had obvious persistent infection at time of proposed second 
stage, and were therefore treated in the traditional manner with 
antibiotic cement spacer block for 12 weeks.  Seven patients were lost to 
follow-up prior to reaching the two year post-op mark. 
•This left  65 joints in 64  patients in our study, there were 37 males and 
27 females, 37 knees, 27 hips, and one shoulder infection. There was one 
case in which the procedure was performed on bilateral knees. 
 

Treatment Protocol Using the Abbreviated 
Two-Stage Exchange Arthoplasty 

    
•Stage One Surgical Technique 

–We typically prefer to perform this surgery without a tourniquet when possible. This 
allows for control of bleeding as the procedure progresses, rather than having a large 
flow of blood at the completion of the procedure when a tourniquet is deflated. The 
exposure is carried out in the typical fashion and soft tissue is debrided. In the knee, 
total synovectomy is preformed and particular attention is also given to the area of the 
lateral gutter. Following component removal, aggressive debridement of bone surfaces 
to remove all foreign material and fibrous tissue is performed. Aggressive 
intermedullary reaming is performed as well as acetabular reaming in the hip followed 
by cleansing of bone surfaces, capsular tissue, and medullary canals with pulse lavage.
    
– Using an inside out technique, a percutaneous trans-muscular antibiotic infusion line 
is placed through a small incision assisted by a hemostat. The infusion line is made of 
standard IV tubing with attached 3-way stopcock used from the anesthesia cart . The 
end opposite of 3-way stopcock is cut off and tied tighty with a #2 Vicryl suture. The 
distal 15cm of tubing is perforated through and through with 18-gauge needle at 1.5 cm 
intervals to facilitate more uniform method of antibiotic delivery. All dead space within 
the joint cavity is then filled with Negative Pressure Wound Therapy (NPWT) porous 
sponge, making sure that all sponges have some contact with one another (figure 1). In 
the knee, the first sponge is placed in the flexion gap and brought around the condyles 
to function as a barrier between the femur and tibia. A second sponge is placed 
intracapsular. The capsule is then closed with a #1 double-stranded PDS suture, except 
for the proximal 8-10 cm, which is left open for communication between the deep 
sponges and the superficial sponge. In the hip, all deep tissue layers are left open and a 
deep sponge is placed. Skin closure is then performed using a #2 Quill running 
subcuticular suture. In the knee, the proximal 10 cm of the incision is left open, in the 
hip the distal 10 cm is left open. Within the open incision area, an elliptical sponge is 
placed to communicate with the deeper sponges. This is followed with a thin sponge 
placed over the entire closed portion of the incision. All sponges come to a common 
communication spot. Occlusive dressing is then placed, and the suction disk of the 
NPWT device is added on top(figure 2).       
–NPWT is then activated to 25 mmHg continuous negative suction, and increased by 25 
mmHg increments every 15 minutes until ultimate goal of 125 mmHg negative suction 
is reached. Finally the leg is wrapped with a padded blanket and placed in a knee 
immobilizer (figure 4). 

•Activity Level Between Stages 
–Patients are kept non-weight bearing. Bed to chair activity is encouraged at least three 
times a day. Patients are allowed to ambulate to the bathroom, or into the hall if 
tolerated. Extremities are elevated on 1-2 pillows whenever possible. Pneumatic 
compressive devices are placed on the feet or legs for DVT prophylaxis. Chemical 
prophylaxis is achieved with subcutaneous low molecular weight heparin. Physical 
therapy for upper extremities and opposite lower extremity is encouraged as well as 
pulmonary toilet with incentive spirometry. 

•Antibiotic Infusion Protocol 
–Infusion begins two hours after surgery. Vancomycin 500 mg in 50 cc of 0.9 normal 
saline is prepared by pharmacy and delivered in a 60 cc Luer-Lok syringe. This is 
administered every four hours directly into the articular space via the 3-way stopcock 
by nursing personal. The portal for the stopcock is cleansed with alcohol swabs prior to 
infusion and fluid is pushed manually as fast as it can be accepted. Tobramycin is often 
added for synergy. This is typically administered in 40 mg dose every twelve hours. This 
is added directly to the vancomycin preparation by pharmacy. The two antibiotics are 
compatible for up to 4 hours. Consideration of potential ototoxicity and nephrotoxicity 
must be given when using these two drugs in combination, and patients must be made 
aware of this risk. Patients are monitored clinically for symptoms of ototoxicity, and 
creatinine /BUN levels are followed for monitoring renal function. This is typically 
checked every other day. Tobramycin levels are not monitored because of the low doses 
that are being administered. Vancomycin levels are typically checked beginning on 
postop day three, and then done daily. Target range is a serum level between 5 and 20 
mcg/dL. Doses can be titrated, or held depending on desired levels. Antibiotic is allowed 
to “soak” for two hours. During the antibiotic infusion and soak time, the NPWT device 
is inactivated. Following the soak time, the NPWT device is reactivated and remains on 
for two hours. The entire process is then repeated every four hours for seven days. 
– Diflucan is often administered orally during the interval between stages in order to 
potentially reduce risk of iatrogenic fungal infection. Additional IV antibiotic therapy 
specific for sensitivities of a particular organism may also be used concurrently as 
recommended and guided by infectious disease specialist. Following reimplantation 
stage, IV antibiotic therapy specifically tailored to the infecting organism is usually 
continued for a total of 5 additional weeks. If no specific organism has been identified, 
then empiric IV antibiotics are selected. 

•Second Stage Reimplantation 
–After proper positioning on the operating table, the occlusive dressing and infusion 
line are carefully removed. Traditional prepping and draping is then carefully 
performed. The deep wound VAC sponge is not typically prepped. An Ioban surgical 
prep is typically used and the old incision is carefully opened. All previously placed 
wound VAC sponges are carefully removed and area is then extensively and copiously 
irrigated. A "second look" irrigation and possible debridement is then undertaken. 
Medullary canals are reamed and irrigated. If no gross evidence of persistent infection, 
then reimplantation is carried out. 

DISCUSSION 

•Infection often results in the need for multiple reoperations, prolonged use 
of intravenous and oral antibiotics, extended inpatient and outpatient 
rehabilitation, and frequent follow-up visits. In addition to the clinical 
impact, PJI also has substantial economic implications for patients, payers, 
hospitals and physicians in terms of the direct medical costs, resource 
utilization such as bed availability, and the indirect costs associated with lost 
wages and productivity. Current strategies should focus on rapid accurate 
diagnosis and effective, efficient treatment algorithms that yield satisfactory 
long-term results . 
 

•The abbreviated two stage revision protocol has many advantages. The 
antibiotic level can be titrated and monitored to assure therapeutic serum 
concentration, also allowing for discontinuation of antibiotics in the event of 
nephrotoxicity or ototoxicity. Intra-articular antibiotic levels through elution 
from cement spacers have been reported  in the rage of 800 micrograms/dL. 
Our intermittent infusion allows approximately 1, 000 times higher intra-
articular concentrations and is the main rational for why a seven day 
interval between stages  of explant and reimplantation may be possible.  
 

•In addition, the second stage reimplantation is much easier and surgical 
times are quite expeditious, because the exposure is already done and there 
is no reason for repeat dissection, debulking of scar tissue or special 
techniques for exposure.    
 
 
 
 

•  

•Although infection rates after total joint arthroplasty have improved 
substantially, efforts are overshadowed by the dramatic increase in joint 
replacements preformed. The major purpose of this prospective study was 
to present a novel patient-centered technique that demonstrated eradication 
of infection with a success rate equal to that which is currently considered 
the standard of care.   
•In the North America, the most widely utilized and accepted treatment 
protocol for deep infection after TKA and THA is a two stage revision. 
Install etal. 26 first described results of this method of treatment after 
infected TKA in 1983. 
•In a review of the literature, the success rate for the two stage revision after 
infection in the knee averages 90% but up to 97% has been 
reported26,30,31,32.In the hip range is between 82% to 96%33,34,35,36,37,38,39. 

•Difficulties associated with a traditional two stage revision compromising 
outcomes include inflammation and scarring from insertion of a cement 
spacer and periods of inactivity and immobilization. This can result in 
stiffness, edema, and contracture of the soft tissues and supportive 
ligaments. Additionally, the patient is required to undergo multiple 
admissions with significant length of time between explant and 
reimplantation. 

CONCLUSION 
•The senior author Brian C. De Beaubien , performed the first abbreviated 
technique of the knee in July of 2005. To date this abbreviated protocol for 
revision after PJI infection has been performed successfully in over 130 
patients with joints including the hip, knee and shoulder.  Other surgeons 
have utilized this abbreviated technique with excellent results. Our success 
rate of 89.23% in treating PJI with an abbreviated interval between stages 
based on concepts of direct intra-articular antibiotic infusion with NPWT 
has shown short to midterm results comparable to traditional two stage 
methods. Significant advantages include much faster and easier second 
stage procedure for the surgeons and reduced morbidity between stages for 
patients. 
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RESULTS 
Using revision for recurrent infection as endpoint, there were 7 
failures, for an overall success rate of 89.23% (Table 1). Of the 
failures, two developed fungal infection. There were 6 failures who 
underwent further surgery and one  patient was deemed to be 
medically unfit for further procedures and was placed on oral 
suppressive antibiotics. Further surgery included traditional two-
stage exchange arthroplasty in 3 patients,  repeat abbreviated two-
stage exchange arthroplasty in one patient, knee fusion in one patient, 
and above the knee amputation in one patient. All of these patients are 
currently free of infection.  

Figure 1 

Figure 2 

Disclosure: 
Timothy E Ekpo: None 
Matthew J Marquart: None 
Javad Parvizi: Stryker, Zimmer, Smith and Nephew, Biomet, Salient Surgical, 3M, United 
HealthcareBrian De Beaubien: Stryker,Convatec 
 

Gender/Age at 
Time of 
Surgery
(Years)

Was This 
Patient a 
Referral 

for 
Infection

Infected 
Arthroplasty

Ipsilateral
Surgeries 

Performed Before 
Abbreviated  

Two stage

Time From 
Index 

Surgery to 
Abbreviated 

2- Stage

Infections
Organism

Antibiotic Used Host Factors Post-Operative 
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Surgery
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Case1 M,57 Yes Left TKA None 10 months MRSA, Candida Vancomycin
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infection with 

traditional 2- stage 
revision
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Tobramycin
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BMI-42.5
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infection with 

traditional 2- stage 
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Patellectomy

Aseptic 
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exchange

2 months MRSA, Candida Vancomycin, 
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fusionfusion
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Table 1:  Failed Abbreviated 2-satge Revision
AVN-Avascular Necrosis ,DM – Diabetes Mellitus, BMI –Body Mass Index, TKA-Total Knee Arthroplasty, 

THA-Total Hip Arthroplasy I&D- Incision and drainage
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