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Abstract

Background Resistant organisms are difficult to eradicate
in infected total knee arthroplasty. While most surgeons
use antibiotic-impregnated cement in these revisions, the
delivery of the drug in adequate doses is limited in pene-
tration and duration. Direct infusion is an alternate
technique.

Questions/purposes We asked whether single-stage revi-
sion and direct antibiotic infusion for infected TKA would
control infection in patients with methicillin-resistant
Staphylococcus aureus (MRSA) infections.

Each author certifies that he or she has no commercial associations
(eg, consultancies, stock ownership, equity interest, patent/licensing
arrangements, etc) that might pose a conflict of interest in connection
with the submitted article.

Each author certifies that his or her institution approved the research
protocol, that all investigations were conducted in conformity with
ethical principles of research, and that informed consent for
participation in the study was obtained.

An Institutional Review Board and hospital committee reviewed and
approved the protocol for this study when it was undertaken.

This work was performed at Missouri Bone and Joint Research
Foundation.

L. A. Whiteside
Missouri Bone and Joint Center, St Louis, MO, USA

L. A. Whiteside (0<), M. E. Roy

Missouri Bone and Joint Research Foundation, 1000 Des Peres
Road, Suite 150, St Louis, MO 63131, USA

e-mail: info@mobojo.org; whiteside @whitesidebio.com

M. Peppers
Walgreens-Option Care, St Louis, MO, USA

T. A. Nayfeh
Johns Hopkins College of Medicine, Baltimore, MD, USA

@ Springer

Methods We retrospectively reviewed 18 patients (18
knees) with MRSA with one-stage revision protocol that
included débridement, uncemented revision of total knee
components, and intraarticular infusion of 500 mg vanco-
mycin via Hickman catheter once or twice daily for
6 weeks; we used no intravenous antibiotics after the first
24 hours. We monitored serum vancomycin levels to
maintain levels between 3 and 10 pg/mL. Minimum fol-
lowup was 27 months (range, 27-75 months). Mean
followup was 62 months, (range, 27-96 months).

Results Infection was controlled at last followup in all but
one patient with a recurrence of the MRSA. The patient
was reoperated at 5 months; a necrotic bone fragment was
removed, the knee was débrided and revised, and the
antibiotic infusion protocol readministered. The patient
remained free of infection 42 months postoperatively. At
2-year followup, the mean Knee Society score was 83. We
observed no radiographic evidence of implant migration.
Conclusions One-stage revision and 6 weeks of intraar-
ticular vancomycin administration controlled infection in
MRSA infected TKA with no apparent complications.
Level of Evidence Level IV, therapeutic study. See
Guidelines for Authors for a complete description of levels
of evidence.

Introduction

Revision for infected TKA generally is performed in two
stages with antibiotics administered intravenously for
6 weeks after the first stage [14, 35, 52]. This first stage
consists of thorough débridement and closure over a spacer
made with antibiotic-impregnated cement, and the second
stage is performed after sufficient healing has occurred,
usually within 3 months, and consists of fixation of the
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final implants with antibiotic-impregnated cement [14, 35].
The purpose of the cement spacer is to deliver antibiotics at
high concentration to a local area and to hold the joint
space in preparation for the final implantation [4, 5].
Although this technique controls the infection in many
patients, reinfection is common, ranging from 24-82% in
cases involving resistant bacteria [15, 23, 34, 45], and the
consequences of these reinfections are serious. Control of
infection has been reported for the second revision after
revision for infection protocol failed [3], but most authors
report high complication rates including reinfection [11,
41, 46]. In one study failure of fusion occurred in 75% of
cases initially treated for infection with long, cemented
stems and amputation was performed in four of 24 knees
treated for reinfection [11]. Five of the 24 knees continued
to have chronic infection. Repeat rerevision for loosening,
pain, and infection was necessary in 52% of one series
[41], and chronic pain was reported in 50% of revisions for
infection in the knees that achieved control of the infection
[46]. These can be difficult and disappointing procedures.
Designing the operation to avoid catastrophic rerevision
should include efforts to ensure mechanical fixation with-
out destroying bone stock and to avoid development of
resistant organisms.

Delivery of antibiotics from antibiotic-impregnated
cement is limited. Although concentrations can be high
during the first 2 days, they fall to very low levels after 72
hours [2, 35]. In many cases, no detectable antibiotics are
present in the synovial fluid after the first week [2, 35, 44].
Furthermore, the low concentration of antibiotics at the
surface of these spacers promotes the growth of antibiotic-
resistant bacteria [27, 29]. The other common mode of
delivery of antibiotics to infected joints, intravenous
administration, generally achieves low synovial fluid con-
centration [18, 22, 31, 32, 35, 47], and it is especially low
for drugs that have poor soft tissue penetration such as
gentamicin [35].

In veterinary practice, direct intraarticular injection of
antibiotics has been used for treatment of pyarthrosis for
decades [1, 18, 36, 47], and the reported intraarticular
concentration is many orders of magnitude higher than that
achieved by intravenous administration of a much higher
dose [20]. Direct infusion of antibiotics also has been used
successfully in humans to salvage acutely and chronically
infected TKA [7, 31, 40]. In one study 17 of 20 cases of
débridement and direct antibiotic infusion were free of
infection greater than 30 months postoperative [7]. In
another study 10 of 12 chronically infected arthroplasties
had successful suppression with débridement and direct
antibiotic infusion [31]. Intraarticular infusion with anti-
biotics in humans with indwelling catheters can achieve
extremely high levels, and they can be maintained for as
long as the catheters are left in place [7, 31, 32, 40].

Antibiotic levels are reportedly hundreds or even thousands
of times higher with direct infusion of antibiotics than can
be achieved with intravenous administration [32, 40].
Although this technique is not commonly used, direct
infusion of antibiotics using infusion pumps after débri-
dement reportedly allowed a high percentage of patients
with infected TKA to maintain their prostheses, likely
because of the extremely high concentration of antibiotics
(> 500 pg/mL gentamicin) achieved with intraarticular
infusion [32]. Using indwelling infusion pumps is expen-
sive and technically difficult, but Hickman catheters are
less costly and are relatively easy to use and maintain over
a 6-week period [25, 40].

Resistant organisms are especially difficult to treat in
TKA. The common method of treatment—débridement,
insertion of antibiotic-laden polymethylmethacrylate
spacer, 6-week course of intravenous antibiotics, and
revision arthroplasty—has a high failure rate, ranging from
24-82%, despite the use of aggressive antibiotic treatment
[12, 16, 23, 30, 34].

We therefore describe a technique to treat infected total
knee arthroplasty by immediate exchange arthroplasty
using cementless implants and administration of antibiotics
by infusion directly into the knee. We then (1) determined
the ability of the technique to control methicillin-resistant
Staphylococcus aureus (MRSA), (2) evaluated clinical and
radiographic signs of loosening, and (3) describe the
pharmacokinetics of this method of antibiotic delivery to
the knee.

Patients and Methods

We prospectively followed all 18 patients (18 knees) with
TKA infected with MRSA bacteria referred to the senior
author (LAW) for treatment between January 2001 and
January 2007. All patients had established chronic infec-
tions of greater than 3 months’ duration. Eleven patients
were women and seven were men. Mean age was
69 + 6 years (range, 58-84 years). All patients had
important comorbidities: nine patients had Type II diabe-
tes, 12 had chronic dependency edema and stasis
dermatitis, nine had morbid obesity, and 15 had malnutri-
tion and hypoalbuminemia. Seventeen of the 18 patients
had two or more comorbidities. Four of these patients had
previous two-stage revisions for infection with antibiotic-
laden cement spacers and antibiotic cement with revision
implants. Seven patients had primary total knee compo-
nents and a previous infection treated by incision and
drainage followed by 2 to 6 weeks of intravenous antibi-
otics. Four patients had previous operations after their
primary TKA for patellar tendon avulsion or patellar sub-
luxation. All patients were entered into a treatment
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Fig. 1 A preoperative lateral radiograph shows an infected TKA with
evidence of deep cement penetration and massive bone loss in the
femur. Reprinted with permission and © 2008 Elsevier from
Whiteside LA. Two-stage exchange for infected TKA—opposes.
Semin Arthroplasty. 2008;19:121-125 [51].

protocol that included débridement, revision of TKA with
uncemented components, and direct antibiotic infusion.
Two additional patients (two knees) were treated in 2009
and have been included in this study to evaluate and
compare intraarticular and serum antibiotic concentration
achieved with intraarticular antibiotics. Eleven patients had
cemented components that included cemented diaphyseal
engaging stems in the femur and tibia (Figs. 1, 2). The
minimum followup was 27 months (mean, 62 months,
range, 27 to 96 months). No patients were lost to followup.

Surgical treatment included thorough removal of non-
absorbable sutures; complete synovectomy; vascularized
osteoperiosteal flap osteotomy to expose diaphyseal
cement mantles if necessary; and meticulous cement
removal using a three-phase débridement starting with
rongeurs, followed by curettes, and finishing with high-
torque reamer to burr away all surfaces exposed to cement.
During débridement, hand-pump irrigation with saline
solution of vancomycin (1 g/L), polymyxin (30,000 units/
L), and bacitracin (50,000 units/L) was performed repeat-
edly. After the débridement was finished, the area was
cleaned and redraped, surgical gowns and gloves were
changed, and instruments were washed and soaked in the
same type of antibiotic solution used for irrigation. Revi-
sion total knee implants were inserted using smooth, fluted,
press-fit diaphyseal-engaging titanium alloy stems and
porous-coated surfaces applied directly to available bone.
No cement was used to fix the implants to bone and no
bone graft was used to fill defects. Intraoperatively the
patients received 1 g vancomycin and the same dose was
given twice postoperatively at 12-hour intervals. After 24
hours, no further intravenous antibiotics were given. A
Constavac (Stryker, Kalamazoo, MI) drain was used for
2448 hours postoperatively, but the blood was not
reinfused.

@ Springer

Fig. 2 A preoperative anteroposterior radiograph of the tibia in the
same knee as Fig. 1 also shows bone loss and cement penetration
along the tibial stem. Reprinted with permission and © 2008 Elsevier
from Whiteside LA. Two-stage exchange for infected TKA—
opposes. Semin Arthroplasty. 2008;19:121-125 [51].

To improve the chances of maintaining intraarticular
access for 6 weeks, two Hickman catheters (CR Bard Inc.,
Salt Lake City, UT) were inserted (Fig. 3). These catheters
are Teflon™ tubes with a fibrous cuff that allows fibrous
tissue ingrowth to seal the entry point and prevent ingress
and egress of fluid around the catheter. The catheters were
inserted through the lateral thigh, penetrating the vastus
lateralis muscle and entering the suprapatellar area of the
knee. The fibrous cuff was placed approximately 5 mm
deep to the dermis. The catheters were sutured to the skin
surface with silk sutures on two sides and the injection
portals were taped to the surface of the skin. The external
portals were each fitted with a Luer lock module and cap to
allow injection with a syringe. The junctions were sealed
with Betadine®™ ointment. Seven of the 18 knees lost one of
the catheters during the six-week infusion interval, but
none lost both catheters.

Intraarticular injection of antibiotics began in the
evening of the first day after surgery. Vancomycin 500 mg
in 10 mL saline was administered every 12 to 24 hours, and
the injections were alternated between the two catheters to
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Fig. 3A-D This drawing illustrates the injection portals (A) that are
outside the skin, the fibrous cuffs that are approximately 5 mm deep
to the dermis (B), the catheters inside the synovial cavity of the knee
(C), and outflow of the antibiotic through the synovial membrane and
into the regional veins (D). The fibrous cuffs seal the catheters so that
contaminants do not enter the knee and joint fluid does not leak out.

maintain open access. The catheters were not flushed but
were capped and clamped to maintain a reliable seal.
Vancomycin is unstable in solution and must not be
injected in the knee in concentrations of greater than
100 mg/mL. To avoid precipitation, the concentration used
in the knees was limited to 50 mg/mL. Ten milliliters of
this solution (500 mg vancomycin) was injected once or
twice daily for 6 weeks, and serum peak and trough levels
were measured twice weekly. The frequency and dose were
modified to maintain the serum trough levels between 3
and 10 pg/mL. These serum concentrations were achieved
in all patients. Intraarticular vancomycin levels were
measured just before one of the daily injections to

determine trough concentration and one hour after injection
to determine peak concentration. Peak and trough serum
vancomycin levels were measured using fluorescent
polarization immunoarray (FPIA) [6, 24] after the third
dose and twice weekly until the catheters were removed.
Intraarticular concentrations of vancomycin were measured
after the second week of treatment in two knees (two
patients) not included in the MRSA series. The samples
were removed by arthrocentesis immediately before and
after injection of the intraarticular antibiotic dose. These
samples were diluted by a factor of 10, 100, 1000, and 5000
to achieve a concentration that could be measured by the
FPIA method.

Patients were mobilized the first day postoperatively and
allowed full weight bearing. We used splinting in extension
in six knees to protect a repaired quadriceps mechanism or
gastrocnemius flap. The remaining knees were started on
active and passive range of motion exercises with the
supervision of a physiotherapist.

After 6 weeks of treatment, the Hickman catheters were
removed surgically and the joint fluid was cultured. The
patients were seen 2 weeks later for suture removal, at
3 months for evaluation, and then at yearly intervals for
evaluation.

All knees (except the one reoperated for osteomyelitis)
were evaluated for tenderness, erythema, and induration by
three months postoperative. Serum C-reactive protein
concentration and sedimentation rate were evaluated at
three months. C-reactive protein level less than 25% above
normal and sedimentation rate less than 50% elevated were
considered signs of resolved infection. After three months,
no additional laboratory tests were obtained. Knee scores
were determined using the Knee Society Clinical Rating
System [13].

We routinely obtained anteroposterior and lateral
radiographs at each office visit. All knees had radiographs
taken at 1 month and 3 months, and then at yearly intervals
after surgery. One of us (LAW) identified and measured
radiolucent lines with a ruler accurate to 0.5 mm. We chose
the tibial tubercle and fibular head as landmarks to measure
tibial component migration, and the distances from the
undersurface of the tibial baseplate to the top of the fibular
head and to the tibial tubercle were measured on each
radiographic examination. The medial and lateral epicon-
dyles were chosen as the femoral bone landmarks for
femoral component migration. Femoral component posi-
tion was measured relative to the femoral bone landmarks
by drawing a line that joined the distal surface of the
implant and measuring the distance between this line and
the medial and lateral epicondyles. Radiographic signs of
migration were defined as a radiolucent line that increased
by more than 1 mm on one side of a diaphyseal stem or
greater than 1-mm change in distance relative to one of the
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bone landmarks on two successive

examinations.

radiographic

Results

Seventeen of the 18 patients had no clinical sign of
infection at last followup. All patients except one had
laboratory evidence of resolved infection by 3 months
postoperative. None of the synovial fluid cultures taken at
the time of catheter removal was positive for bacteria. One
patient had elevated sedimentation rate and C-reactive
protein concentration at 3 months postoperative and rede-
veloped clinically apparent infection with MRSA 5 months
after initial revision and débridement. The knee was re-
operated and a fragment of necrotic bone measuring 2 to
3 cm on the anterior surface of the femur was found. This
area was under the suprapatellar pouch and had been
overlooked at the original débridement. This necrotic bone
was excised and the knee was débrided. The implants were
loosely adherent to bone. Purulent material and granulation
tissue were present in all interfaces, suggesting that the

infection had not been eradicated by the initial débride-
ment. Complete redébridement was done, Hickman
catheters were inserted, and the knee was treated for
6 weeks with intraarticular vancomycin. At 42 months
postoperatively, this knee had no clinical signs of infection.
Other than the case with persistent infection, none of the
implants has been revised for loosening.

All patients achieved full weightbearing by 3 months
after surgery. Mean Knee Society Score was 78 + 8§ at
1 year, 83 £ 9 at 2 years, 84 £ 8 at 5 years, 85 & 10 at
6 years, and 84 at 8 years. We detected no sign of radio-
graphic migration of the implants in any of the knees
(Figs. 4, 5). One knee had a complete radiolucent line
around the tibial component, but none of the lines mea-
sured greater than 1 mm in diameter, and none widened.
Sixteen of the 18 patients (88%) had at least one radio-
graphic view with a radiolucent line under the tibial porous
surface at 2 years postoperatively, and 13 knees (72%) had
a radiolucent line under the femoral component (all under
the anterior femoral flange, which was not porous-coated).
None of these lines widened, and all measured 1 mm or
less. Four knees had anterior gaps of 2 to 4 mm dating from

Fig. 4 An anteroposterior radiograph shows the femur for the same
knee as in Fig. 1 at 1 year postoperatively. Bone healing has occurred
and the cementless implant is stable. Reprinted with permission and
© 2008 Elsevier from Whiteside LA. Two-stage exchange for
infected TKA—opposes. Semin Arthroplasty. 2008;19:121-125 [51].

@ Springer

Fig. 5 An anteroposterior radiograph shows the tibia of the same
knee as in Fig. 1 at 1 year postoperatively. The long-stem tibial
component is stable and evidence of bone healing is apparent.
Reprinted with permission and © 2008 Elsevier from Whiteside LA.
Two-stage exchange for infected TKA—opposes. Semin Arthroplasty.
2008;19:121-125 [51].
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the time of surgery. These gaps have remained radio-
graphically stable throughout the followup period.

Mean serum vancomycin peak concentration was
6.1 £ 4.1 pg/mL and mean serum vancomycin trough
concentration level was 3.2 £ 1.0 ug/mL at 2 weeks
postoperatively. In the two knees (two patients) in which
synovial fluid antibiotic concentration was measured,
intraarticular vancomycin peak levels were 10,233 pg/mL
and 20,167 pg/mL. Intraarticular vancomycin trough levels
were 724 pg/mL and 543 pg/mL. All patients maintained
trough levels in the desired range. Five patients required
decreasing the dosage to 500 mg given once daily, and one
required stopping the antibiotics for 4 days. Three required
discontinuation of the antibiotic infusion for 2-3 days
because of local inflammatory response to precipitated
vancomycin. Six patients (six knees) (33%) had elevated
blood urea nitrogen and creatinine levels during the
6 weeks of antibiotic infusion and required temporary
discontinuation of intraarticular vancomycin for 2 days.
Intraarticular infusion was then resumed at a lower dose.
None required complete discontinuation of vancomycin
infusion for more than four days.

Discussion

Direct antibiotic infusion and single-stage revision using
porous-surface implants was developed to eradicate the
infection and to provide a well-fixed implant without the
morbidity and inconvenience of an antibiotic spacer and
second surgical procedure. MRSA infection is especially
challenging [12, 15, 23, 45], so we reviewed our results of
this procedure in a consecutive series of patients with this
bacteriological diagnosis. We sought to determine the
effectiveness of this technique to eradicate the infection
and to achieve stable fixation of the implants to bone. We
also tested peak and trough antibiotic levels in the serum
and joint to establish the basic pharmacokinetics of van-
comycin injected into the knee.

Validity of the clinical results of this study is limited by
the small number of cases, the retrospective nature of the

Table 1. Failure rate of total knee arthroplasty for infection with
resistant organisms

First author (year of publication) Failure rate (%)

Hirakawa K et al. (1998) [12] 33
Kilgus DJ et al. (2002) [15] 82
Mittal Y et al. (2007) [23] 24
Salgado CD et al. (2007) [34] 38
Whiteside LA et al. (current study) 6

study, the lack of controls and comparative groups, and the
relatively short followup time. However, these limitations
are overcome to a certain extent by the prospective col-
lection of the data, the completeness of followup, and the
fact that all patients were included. Collecting a very large
series of infections with resistant organisms would not be
possible, so this type of study requires that we accept
certain limitations. These limitations do not affect the
pharmacokinetic data. Control of the infection was suc-
cessful in 17 of 18 patients with the first procedure, and
also was successful in the failed procedure after débride-
ment and repeat revision. Two-stage revision, using
intravenous antibiotics and a bone-cement spacer loaded
with antibiotics to deliver antibiotics into the joint is con-
sidered the conservative surgical approach to this condition
[9, 11, 14, 35], but its clinical results are disappointing.
Reinfection rates varying from 11% to 24% have been
reported in centers that are highly experienced in care of
these difficult cases using two-stage débridement and
reimplantation [12, 15, 23, 45]. Our success rate compares
favorably to these published results and suggests that direct
exchange with antibiotic infusion may offer advantages
over the current, more popular treatment methods
(Table 1).

Fixation of the implants with one-stage revision and
cementless implants was successful in this series. Fixation
of the implants to bone consistently has been a problem in
revision TKA, especially in series with MRSA infection.
Mechanical failure rates of 20% to 40% are reported in
centers with high surgical volume and recognized expertise
in this field [39, 41, 46]. Fixation of implants with cement
consistently is less successful in revision cases than in
primary cases [11, 39, 48-51], and is likely to be even
more difficult with persistent infection with indolent bac-
teria. Cementless fixation with porous devices in revision
arthroplasty has had a high rate of successful fixation in the
hip and knee and has become the dominant mode of fixa-
tion in revision THA [8, 10, 30]. Our results using
cementless fixation technique for revision of infected TKA
resemble those of cementless revision THA, and appear to
offer an advantage over cemented fixation.

Antibiotics in synovial joints are absorbed in a manner
similar to that of antibiotics injected intramuscularly and
result in similar serum concentrations [18, 38], so some
peripheral therapeutic effect of the antibiotics would be
expected. There is also evidence that antibiotics injected
into the joint produce concentrations in the adjacent bone
that far exceed those achieved by intravenous administra-
tion [47], suggesting local therapeutic effects beyond the
synovial cavity would be more effective with intraarticular
than with intravenous administration of antibiotics.

Our data show that intraarticular infusion of antibiotics
achieves concentrations in the synovial fluid that are
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hundreds of times higher than can be achieved with anti-
biotic-loaded spacers and intravenous antibiotics. This is
similar to the levels reported in earlier reports of direct
infusion in humans [26, 32] and in veterinary practice [18].
Intravenous antibiotics, generally used for six weeks after
surgery [14], can produce synovial fluid concentrations as
high as 50% serum levels when cephalosporins are used
[37], but less than 20% of serum concentration when
gentamicin is used [18]. The synovial fluid concentration of
aminoglycosides exceeds the minimal inhibitory concen-
tration for common organisms only transiently when
intravenous antibiotics are used [18]. In cases of resistant
bacteria or gram-negative organisms, the levels are too low
to be effective [26]. Intraarticular injection of third-gen-
eration cephalosporins in horses results in concentrations in
synovial fluid in the range of 5,000 to 10,000 pg/mL, while
intravenous administration resulted in concentrations of 7—
10 pg/mL [22]. Antibiotic concentrations achieved with
antibiotic-loaded cement spacers can be high early, but
decrease rapidly after the first 24 hours [2, 21, 35, 43].
Depot methods that release antibiotics more rapidly must
be used with caution to avoid dangerously high dosage
[20]. Although higher initial concentration can be achieved
by using larger amounts of antibiotics in the cement [2, 42],
only the entrapped antibiotic powder at the surface dis-
solves into the joint fluid. The total percentage released is
reportedly from 1.3% to 14.8% [28]. After 5 days antibi-
otic release is minimal [17], but low levels may be detected
for as long as 340 days postoperative [19]. In cases of
resistant bacteria or gram-negative organisms, the levels
may be too low to be effective [26]. The low concentration
of antibiotics in the synovial fluid and on the surface of the
spacer produces conditions that foster development of
resistant bacteria [26]. These small colony variants require
higher concentrations and longer exposure to high antibi-
otic levels than can be obtained with intravenous
antibiotics and antibiotic-loaded cement spacers [26, 33].

Delivery of antibiotics in concentrations that are
achievable with direct infusion requires rethinking the
concept of antibiotic resistance. Antibiotic concentration
many times higher than minimal bactericidal concentra-
tions can be achieved readily with this technique and can
be maintained for weeks even in cases with highly resistant
organisms. Currently the single-stage procedure—includ-
ing débridement and insertion of Hickman catheters
followed 6 weeks later by removal of the catheters—is the
practice in our institution. Even in cases with highly
resistant organisms, we anticipate success using this
technique.
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