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Abstract

Background Two-stage revision surgery for infected total

hip arthroplasty (THA) is commonly advocated, but sub-

stantial morbidity and expense are associated with this

technique. In certain cases of infected THA, treatment with

one-stage revision surgery and intraarticular infusion of

antibiotics may offer a reasonable alternative with the

distinct advantage of providing a means of delivering the

drug in high concentrations.

Questions/purposes We describe a protocol for intraar-

ticular delivery of antibiotics to the hip through an

indwelling catheter combined with one-stage revision sur-

gery and examine (1) the success as judged by eradication

of infection at 1 year when treating chronically infected

cemented stems; (2) success in treating late-onset acute

infections in well-ingrown cementless stems; and (3) what

complications were associated with this approach in a

small case series.

Methods Between January 2002 and July 2013, 30

patients (30 hips) presented to the senior author for

treatment of infected THA. Of those, 21 patients (21 hips)

with infected cemented THAs underwent débridement and

single-stage revision to cementless total hip implants

followed by catheter infusion of intraarticular antibiotics.

Nine patients (nine hips) with late-onset acute infections

in cementless THA had bone-ingrown implants. These

patients were all more than 2 years from their original

surgery and had acute symptoms of infection for 4 to 9

days. Seven had their original THA elsewhere, and two

were the author’s patients. All were symptom-free until

the onset of their infection, and none had postoperative

wound complications, fever, or prolonged pain suggestive

of a more chronic process. They were treated with

débridement and head and liner exchange, again followed

by catheter infusion of intraarticular antibiotics. During

this time period, this represented all infected THAs

treated by the senior author, and all were treated with this

protocol; no patient underwent two-stage exchange during

this time, and no patients were lost to followup. At the

time of the surgery, two Hickman catheters were placed

in each hip to begin intraarticular delivery of antibiotics

in the early postoperative period. Antibiotics were infused

daily into the hip for 6 weeks with the tubes used for

infusion only. Eleven of the single-stage revisions and

four of the hips treated with débridement had methicillin-

resistant Staphylococcus aureus. Patients were considered

free of infection if they had no clinical signs of infection

and had a normal C-reactive protein and erythrocyte

sedimentation rate at 1 year. Complications were ascer-

tained by chart review.
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Results Twenty of 21 (95%) infections in patients who

had single-stage revision for chronically infected cemented

THA were apparently free from infection and remained so

at a mean followup of 63 months (range, 25–157 months).

One case grew Candida albicans in the operative cultures

and remained free of signs of infection after rerevision

followed by infusion of fluconazole. The nine cementless

THAs treated with débridement and head/liner exchange

all remained free of signs of infection at a mean followup

of 74 months (range, 62–121 months). Few complications

were associated with the technique. Four patients had

elevated serum levels of vancomycin without renal func-

tion changes and two patients had transient blood urea

nitrogen/creatinine elevations with normal vancomycin

levels that resolved with dosage adjustments. No patient

had evidence of permanent renal damage. None of the

patients in this study developed a chronic fistula or had

significant drainage from the catheter site.

Conclusions Single-stage revision for chronically infec-

ted cemented THA and débridement of bone-ingrown

cementless THA with late-onset acute infection followed

with indwelling catheter antibiotic infusion can result in

infection eradication even when resistant organisms are

involved. Larger study groups would better assess this

technique and prospective comparisons to more traditional

one- and two-stage revision techniques for infected THA

will likely require multi-institutional approaches.

Level of Evidence Level IV, therapeutic study.

Introduction

An established technique for the treatment of chronic infection in

THA is generally considered to consist of two-stage revision with an

interim antibiotic-loaded polymethylmethacrylate spacer to deliver

antibiotics to the local area combined with intravenous antibiotics to

deliver antibiotics systemically [3, 24, 33, 38]. By contrast, single-

stage revision procedures performed with or without cement fixation

also are used [5, 33, 58], and no clear evidence exists that two-stage

revision yields superior results to single-stage protocols

[5, 14, 18, 21, 23, 33, 58]. Additionally, the interim antibiotic cement

spacers associated with two-stage exchange may carry some risk

includingdislocationof thespacer[15,26,43], fractureof thehip[15],

fracture of the spacer [9, 15, 26], migration of the spacer leading to

bone damage or even vascular injury [48], rare reports of renal injury

fromantibioticelution,andtheneedtoremovethespacershouldthese

complications occur [1, 10, 13, 37, 40, 42, 52].

High local antibiotic concentration around the site of an

infected THA is a matter of major clinical importance,

because bacteria protected by biofilm require concentra-

tions that are orders of magnitude greater than the minimal

inhibitory concentration for the planktonic forms of the

same bacterium to eliminate resistant organisms that are

protected by the glycocalyx [8, 11, 12, 16, 32]. Intravenous

antibiotics generally do not achieve these levels of con-

centration in synovial fluid, but instead achieve levels

around two to three times the minimal inhibitory concen-

tration (MIC) [46]. Antibiotic-impregnated cement spacers

achieve local concentrations of vancomycin over 1500 lg/

mL (three orders of magnitude greater than the MIC for

planktonic forms) during the first few days after surgery,

but those levels decrease rapidly during the succeeding

days [2, 22]. In contrast, direct antibiotic infusion through a

catheter, as first described by Perry et al., achieves ex-

tremely high local levels of antibiotics for a prolonged

period of time [44, 46, 54–56] and can be discontinued if

toxicity or sensitivity occurs [55]. This method has been

effective in treating infected TKA in challenging condi-

tions [54–56], and use of a cannulated spacer for delivering

antibiotics into an infected total hip after débridement has

been reported with successful early results [25]. However,

that report described a temporary spacer that required

subsequent removal to prepare for the final implant. Once

the spacer was removed, no antibiotic infusion remained to

provide protection for the final arthroplasty implants.

Single-stage revision arthroplasty combined with local

antibiotic infusion has been described fairly extensively for

TKA [54–56], but this procedure has not been described in

detail for THA. Because two-stage revision involves two

major operations, and antibiotic spacers themselves may

create complications, a procedure that could obviate both

the second stage and the spacers, while producing very

high antibiotic concentration that could be continued for

weeks, would be advantageous. Intraarticular infusion of

antibiotics provides the means of delivering the drug in

high concentrations in the presence of a revision

arthroplasty, allows the dosage of the antibiotic to be

adjusted, and even allows addition of a different antibiotic

if necessary.

We describe a protocol for intraarticular delivery of

antibiotics to the hip through an indwelling catheter com-

bined with one-stage revision surgery and examine (1) the

success as judged by eradication of infection at 1 year

when treating chronically infected cemented stems; (2)

success at treating patients with late-onset acute infections

in well-ingrown cementless stems; and (3) the complica-

tions associated with this approach in a small case series.

Patients and Methods

Data were collected as part of a longitudinally maintained

institutional database and analyzed retrospectively on all

patients presenting with infected THA treated by the senior

author (LAW) between January 2002 and July 2013. A
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total of 30 patients were seen with the diagnosis during this

time period. Patients were divided into two groups based

on presentation: (1) chronic infection of a THA with a

cemented stem; and (2) late-onset acute infection of a well-

ingrown cementless THA. Chronic infection was defined as

infection beginning within the first 3 months after the

primary procedure and persisting for more than 6 months.

Late acute-onset infection was defined as infection

appearing more than 2 years after the primary procedure

with signs and symptoms persisting less than 2 weeks

before presentation. No patients with loose chronically

infected cementless THAs or late-onset acute infection of

cemented THAs presented for treatment during this time

period. All patients with chronically infected cemented

THAs were treated with single-stage revision to cementless

implants and intraarticular antibiotic infusion through a

catheter. All patients with well-ingrown cementless

implants with late-onset acute infection were treated with

débridement and femoral head and polyethylene liner

exchange combined with intraarticular antibiotic infusion

through a catheter. No patient in either group was treated

with a different protocol such as two-stage exchange with

an antibiotic spacer.

There were 21 patients (21 hips; 15 men, six women) in the

chronically infected cemented group (Table 1). Five patients

(five hips) had infected primary THA, 12 patients (12 hips)

had infected revision of primary THA, and four patients (four

hips) had reinfection after failed two-stage revision of

infected THA. All hips had loose femoral and acetabular

components and thus were not candidates for débridement

and retention of implants. Comorbidity classification was

done for each patient preoperatively by the anesthesiology

consultant using the American Society of Anesthesiologists

classification system (www.asahq.org/resources/clinical-

information/asa-physical-status-classification-system) and

comorbidities were listed (Table 1) [47]. Additionally, bone

quality was assessed on anterior and lateral radiographs. All

21 patients in this group had cortical thinning and widening of

the medullary canal distal to the femoral component. Thirteen

had moderate osteolysis involving the proximal third of the

femur and peripheral areas of the acetabulum. Eight had

severe osteolytic lesions involving the proximal femur and

acetabular margins. Four had destruction and fragmentation

of the greater trochanter. Mean followup of this group was 63

± 51 months (range, 25–157 months). Nineteen of 21 patients

were still being followed at the time of this analysis; two

patients died of causes unrelated to their hip surgery after their

second year of followup and were judged to be free of

infection up to the time of death.

The surgical technique in the infected cemented group

included removal of all cement and direct exposure of all

bone-cement interfaces to allow the underlying bone to be

débrided with curettage and burring with a high-speed burr.

Bivalve osteotomy of the femur was done in all hips to

achieve complete exposure of the bone-cement interface.

Bacteriologic diagnosis was obtained in all hips with 10

cultures (five aerobic, acid-fast bacilli and fungus; five

anaerobic) of tissue biopsies taken for each patient at sur-

gery. All patients had two or more positive tissue cultures

and thus conformed to the Musculoskeletal Infection

Society criteria for infection [41]. Six patients (six hips)

had positive cultures for methicillin-resistant Staphylo-

coccus aureus (MRSA), five patients (five hips) had

methicillin-resistant Staphylococcus epidermidis (MRSE),

five patients (five hips) had methicillin-sensitive S aureus

(MSSA), three patients (three hips) had methicillin-sensi-

tive S epidermidis (MSSE), one patient (one hip) had

Serratia marcescens that was sensitive to gentamicin, and

one patient (one hip) had Candida albicans. All hips had

repeated irrigation with hand-pump pulsed lavage with

250,000 units/L polymyxin and 1000 mg/L vancomycin in

normal saline. The rate of irrigation was approximately 1 L

per hour. Antiseptic solution was not used. A fully porous-

coated revision stem (Quatroloc; Signal Medical Corp,

Marysville, MI, USA) and porous-coated acetabular com-

ponent with ceramic femoral head (MicroSeal; Signal

Medical Corp) were implanted in all hips.

There were nine patients (nine hips; five men, four

women) in the late-onset acute infection group. All were

well-ingrown cementless primary THAs. The time from the

original procedure to symptoms of infection was 87 ± 23

months (range, 61–133 months). All patients presented for

treatment 4 to 9 days after onset of symptoms. Comor-

bidities and American Society of Anesthesiologists

classification are noted (Table 1). Bone quality assessment

revealed no severe osteolysis. All patients had mild prox-

imal femoral stress relief osteopenia. Mean followup

duration was 74 months (range, 62–121 months) and no

patient was lost to followup during this study. Surgical

technique in this group consisted of thorough surgical

débridement and head and polyethylene liner exchange. All

hips had repeated irrigation with hand-pump pulsed lavage

with 250,000 units/L polymyxin and 1000 mg/L van-

comycin in normal saline. The rate of irrigation was

approximately 1 L per hour. Betadine and other antiseptic

solutions were not used. Bacteriologic diagnosis was

obtained in all hips with 10 cultures of tissue biopsies taken

at surgery for each patient. Four patients (four hips) had

multiple positive cultures for MRSA and five patients (five

hips) had multiple positive cultures for MSSA.

At closure, all infected revision hips in both groups

received two Hickman catheters inserted into the intraar-

ticular space (Bard Access Systems, Inc, Salt Lake City,

UT, USA), and these catheters were maintained for 6

weeks for direct intraarticular infusion of antibiotics

(Fig. 1). Hickman catheters are silicon rubber tubes with a
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fibrous cuff that is placed approximately 1 cm under the

skin. The tubes are inserted with a trocar (available in the

Hemovac 1/8-inch kit) from outside into the joint (Fig. 2).

Before the fibrous cuff is inserted beneath the skin, the tube

is marked for the correct position (Fig. 3). Then the tube is

pulled so the fibrous cuff is beneath the skin to the depth

indicated on the mark on the tube (Fig. 4). The tube is

sutured with 2-0 silk sutures (Fig. 5). Once the fibrous

cuffs are positioned correctly, the tubes are cut to the

correct length to lie safely in the hip (Fig. 6). The fibrous

cuff becomes ingrown with fibrous tissue, which seals the

interface between the tube and the subcutaneous tissue to

prevent external contamination and joint fluid leakage.

Both tubes were used for infusion to increase patency and

the chances of maintaining an open catheter during treat-

ment. The joint fluid was not drained; instead, the

antibiotics were left in the joint to maintain a high local

concentration and also to produce a significant serum level

(Fig. 7) [46, 54–56]. No concomitant intravenous antibi-

otics were administered after the intraarticular dose was

established.

Infusion of vancomycin was started as soon as the

incision was sealed and dry (usually 2 days), and the dose

was increased gradually as the incision was monitored.

Vancomycin was used because of its effectiveness against

bacteria in glycocalyx biofilms. This property of van-

comycin makes it preferable to cephalosporins when

infusing directly into joints that have metal implants

[12, 27]. Gentamicin was used only in the one patient with

a gram-negative bacterium that was sensitive to this

antibiotic. The beginning test dose was 100 mg van-

comycin in 3 mL sterile water, and if this was tolerated

(denoted by lack of wound drainage or irritation), the dose

was increased daily to achieve the final dose of 400 or 500

mg in 5 or 6 mL sterile water. Sterile water was used

instead of normal saline to help avoid precipitation of the

vancomycin and plugging of the tubes. Five to 7 days

generally were required to achieve a stable maintenance

dose, but if wound drainage occurred, the process required

as long as 14 days. Six patients had one catheter become

plugged during treatment, but none of the patients lost both

catheters. A more dilute solution of vancomycin—500 mg

in 10 mL sterile water—is now the standard vancomycin

maintenance dose because of the drug’s tendency to pre-

cipitate. The starting dose for gentamicin was 10 mg in 3

mL normal saline, and the maintenance dose was 40 mg in

4 mL normal saline. The maintenance dose was given once

daily, and the catheters were alternated so that they

remained patent. The antibiotic solution was prepared by

an infusion company and the antibiotic dosage was

Table 1. Patient demographics

THA groups Chronically infected/cemented THA Hematogenous infection cementless THA

Number of patients 21 (15 men, 6 women) 9 (5 men, 4 women)

Mean age ± SD (years) 67 ± 7 (58–79) 67.1 ± 3.6 (range, 65–76)

Mean followup ± SD (months) 63 ± 51 (range, 25–157) 59 ± 23 (range, 25–79)

ASA classification Number of patients Number of patients

I 0 0

II 14 6

III 5 3

IV 2 0

V 0 0

Smoking status

Smoker 6 0

Nonsmoker 15 9

Comorbidities

Obesity (BMI[ 35 kg/m2) 7 (3 men, 4 women) 5 (2 men, 3 women)

CAD 17 (11 men, 6 women) 7 (5 men, 2 women)

Type II diabetes 9 (3 men, 6 women) 5 (3 men, 2 women)

Chronic stasis dermatitis 8 (3 men, 5 women) 4 (2 men, 2 women)

Chronic renal failure—hemodialysis 0 3 (1 man, 2 women)

Peripheral vascular disease 2 (2 men) 0

Two comorbidities 21 4 (3 men, 1 woman)

Three comorbidities 21 4 (3 men, 1 woman)

ASA = American Society of Anesthesiologists; BMI = body mass index; CAD = coronary artery disease.
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administered by a home health nurse or by the patient and

family after appropriate training.

Serum antibiotic concentration and renal function stud-

ies (blood urea nitrogen [BUN] and creatinine) were tested

weekly for vancomycin and twice weekly for gentamicin

(Table 2). The doses were adjusted in patients with ele-

vated serum antibiotic levels, and the antibiotics were

discontinued in patients whose kidney function values were

elevated. After renal function values normalized, antibi-

otics were resumed at half the previous maintenance dose,

and the renal function studies were repeated every 2 days.

After 6 weeks of infusion, the catheters were removed

under local anesthesia in the operating room. The fibrous

cuff around the Hickman catheters becomes ingrown with

dense fibrous tissue, so the catheters must be removed by

sharp dissection under sterile conditions. The local area

was infiltrated with a solution of 1% lidocaine with epi-

nephrine and an incision was made above and below the

catheters. The fibrous cuff was dissected sharply from the

surrounding muscle and fat using a #15 knife blade (Bard

Access Systems, Inc). The catheters are made of soft sili-

cone and are easily transected, so this was done carefully to

avoid cutting through one of the tubes and allowing the free

end to escape into the joint. Because the tubes lead directly

into the hip, special care was taken to close the entry into

the tracts left by the tubes. They were oversewn with 2-0

Vicryl sutures until completely sealed; then the subcuta-

neous tissue was closed tightly with interrupted inverted 2-

0 Vicryl sutures. The skin was closed snugly with inter-

rupted silk sutures.

None of the patients were maintained on oral suppres-

sive antibiotics after discontinuation of intraarticular

infusion.

Fig. 1 This drawing illustrates the components and placement of

intraarticular infusion catheters used in the hip after débridement or

one-stage revision. The injection portals remain outside the skin, the

fibrous cuffs are placed approximately 1 cm under the dermis, and the

catheter tubes are placed in the joint and extend under the femoral

neck to deliver antibiotics directly into the joint. These catheters are

used for infusion only. Aspiration and drainage are not done so that

the concentration remains high in the joint cavity and the antibiotics

diffuse into the synovial capillaries and lymphatic channels. This

route of delivery also achieves a substantial peripheral serum

concentration of antibiotics.

Fig. 2 This intraoperative photograph shows the Hickman catheters

just before placement of the fibrous cuff.

Fig. 3 This intraoperative photograph of both Hickman catheters

indicates how the lower tube has been inserted and secured with two

sutures. The upper tube has been marked for depth of insertion of the

fibrous cuff.
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The patients were seen at monthly intervals for 3 months

and then at yearly intervals permanently. At each visit they

were evaluated for clinical signs of recurrent infection

including pain, erythema, swelling, induration, and drai-

nage. Patients were asked to rate pain as none, mild,

moderate or severe. C-reactive protein (CRP) levels and

erythrocyte sedimentation rate (ESR) were determined

before surgery and at each followup interval. Successful

control of infection was indicated by progressive

improvement in all subjective and objective clinical signs,

continuous decrease in CRP and ESR during the first year,

and normal CRP and ESR after 1 year (Table 2). If the

patients were to fail to improve, an extensive workup

would be initiated to evaluate for infection with fungus or

other atypical organisms or to search for abscesses or

foreign material. Complications in this series included

elevated BUN and creatinine levels, elevated vancomycin

serum levels, and clogged catheter tubes and were ascer-

tained by retrospective chart review.

Fig. 4 This intraoperative photograph shows both Hickman catheters

with the upper tube pulled through to the depth marked.

Fig. 5 This intraoperative photograph shows both Hickman cathe-

ters, and the upper tube is secured with two 2-0 silk sutures.

Fig. 6 This intraoperative photograph shows the Hickman catheters

exiting the surgical wound. The Hickman catheter tubes will be cut to

lie safely within the joint.

Fig. 7 This radiographic image was taken 1 month postoperatively

with infusion catheters in place after single-stage revision.
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Radiographic evaluation was done by one of the authors

(LAW) immediately after surgery and at each office visit

thereafter. AP and lateral views of the hip were evaluated

for signs of failure of bone ingrowth to the femoral stem

and acetabular component. Signs of failure of bone

ingrowth of the acetabular component in this study

included progressive increase in width or length of a

radiolucent line measured with a ruler with 1-mm gradu-

ation, progressive migration proximally relative to a fixed

landmark such as the inferior edge of the teardrop, or

progressive change in the abduction angle of the metal

shell relative to the transischial line. Progressive move-

ment was defined as measurable movement in the same

direction seen on two successive examinations.

Signs of loosening of the femoral component included

complete radiolucency around the porous stem, progres-

sive lateral translation of the distal tip, or progressive distal

migration of the stem relative to a fixed landmark on the

femur such as the proximal edge of the femoral shaft.

Signs of bone ingrowth to the femoral stem included

trabecular bone immediately apposed to the surface of the

porous stem without radiolucencies separating bone from

metal and with bridging of the trabecular lines to adjacent

cortical bone. Direct apposition of cortical bone to the

distal third of the porous metal surface of the stem with

accompanying hypertrophy of the cortical bone visible on

sequential radiographs and cortical hypertrophy around the

distal half of the stem accompanied by proximal atrophy of

bone adjacent to the stem were also considered to be signs

of stable osteointegration of the stem.

Synovial fluid concentration of antibiotic levels was not

measured in this study, but based on a previously reported

infected TKA cohort [46], fluid vancomycin levels well

over 4000 lg/mL might be expected in the joint fluid.

Results

Twenty of the 21 (95%) single-stage revision hips for

chronic infection in cemented stems using this protocol

were free of infection based on clinical parameters and

serologic measures (CRP and ESR) at 1 year (Table 2) and

all remained free of signs and symptoms of infection at a

mean followup of 63 months (range, 25–157 months). At 1

year, 17 were free of pain and four reported mild pain. At

final followup, 18 reported no pain and three reported mild

pain. The patient with the C albicans infection continued

to drain postoperatively, and 8 days after surgery, three of

five tissue biopsies were read as positive for fungus,

although preoperative aspiration of the hip did not reveal

this pathogen. The hip was redébrided and revised 11 days

after the first revision and started on intraarticular, intra-

venous, and oral fluconazole. The wound drainage did notT
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recur, and the patient is presently 49 months postoperative

with no clinical signs of recurrent infection. Two acetab-

ular components migrated proximally 2 mm between the

first month and third month examinations, but both stabi-

lized and neither component tilted or developed

progressive radiolucent lines. Two femoral components

migrated 2 mm distally between the first and third month

examinations, and two migrated 3 mm during the same

time period. All implants then stabilized, and none has

developed other signs of loosening.

All patients had at least two radiographic signs of

osteointegration of the femoral component at 3 years

postoperatively.

All nine patients (nine hips) who had one-stage

débridement and retention of the implants in the setting of

late acute-onset infection in well-ingrown cementless

stems using this protocol resolved their infection based on

clinical parameters and serologic measures (Table 2; CRP

and ESR) at 1 year, and all remained free of infection at a

mean followup of 74 months (range, 62–121 months). At 1

year and at latest followup, all patients in this group

reported no pain.

Few complications were associated with the technique.

Four patients had elevated serum levels of vancomycin and

their dosages were decreased to 250 mg daily but none had

elevated BUN or creatinine levels. Two patients had ele-

vated BUN and creatinine levels but had nontoxic levels of

vancomycin. Vancomycin was discontinued in both

patients and restarted at a dose of 250 mg daily 1 week

later after the renal function studies normalized. No patient

had evidence of permanent renal damage. None of the

patients in this study developed a chronic fistula or had

significant drainage from the catheter site.

Discussion

Treatment of infected THA remains challenging with

substantial patient morbidity and expense associated with

traditional two-stage exchange requiring interim antibiotic

spacer and intravenous antibiotic management. Although

one-stage exchange has shown promise [5, 18, 21, 23, 33],

the efficacy of this treatment in cases of chronic infection

and resistant organisms and the need for long-term intra-

venous antibiotic management may limit its use to selected

cases. Treatment of both chronically infected cemented

THA and late-onset acute infections in well-ingrown

cementless THA using a single-stage revision combined

with direct catheter infusion of antibiotics into the joint was

successful in this small series, both among patients with

antibiotic-sensitive and -resistant organisms; no severe

complications were attributable to the use the intraarticular

antibiotic infusion.

There are numerous limitations of this study, including

the small study size, the lack of a control or comparative

group, and the fact that it reflects the results of a single

surgeon. However, the length and completeness of fol-

lowup and the high proportion of patients with successful

treatment all illustrate that the protocol may be effective

for managing a difficult group of patients. In addition, the

nature and size of the study precluded multivariate analy-

sis, but the group was not preselected and patients with a

variety of comorbidities, organisms, and with varying bone

quality were managed successfully. Finally, nearly all the

hips in this study were infected with staphylococcus, so

little can be determined regarding the effectiveness of this

method of treatment for Gram-negative, mixed bacterial, or

fungal infections. However, staphylococcal infections,

especially those involving methicillin-resistant bacteria, are

difficult to treat [28, 34, 59] and certainly represent a

challenging test for our method.

Twenty of the 21 (95%) single-stage revision procedures

for chronic infection in patients with cemented stems using

this protocol were successful, the single exception being a

case of fungal infection that was only diagnosed by intra-

operative cultures. Although cemented revision of infected

THA using a two-stage protocol with an interim antibiotic

spacer is still standard practice [3, 24, 33, 38], both two-

stage revision with cementless implants and single-stage

revision surgery commonly are reported to be highly suc-

cessful [5, 18, 23, 33, 58]. Two-stage cementless revision

has been reported to eliminate signs of infection in 95% of

cases [6], and cementless two-stage revision followed by

rerevision is reported to achieve control of infection in 98%

of cases [29]. No apparent advantage is conferred by using

antibiotic-loaded cement in the second stage [35].

Cementless single-stage revision for infection was suc-

cessful in 98% of cases when combined with antibiotic-

infused allograft [57], yet others have reported a much

lower success rate of 76% with the single-stage technique

[21]. In addition, reported results with resistant organisms

seem to indicate that success rates decline when standard

methods of antibiotic delivery are used for treatment of

these types of bacteria. One very experienced group reports

equivalent success with cemented and cementless revision

for infected THA with approximately 10% developing

recurrent infection when treating antibiotic sensitive

organisms (MSSA and MSSE), whereas 21% of the cases

with antibiotic resistant organisms (MRSA and MRSE)

developed recurrent infection. Other studies have noted

recurrent infection occurring in 21%–48% of hips infected

with MRSA or MRSE [28, 34] with standard spacer and

intravenous antibiotic techniques. In contrast, the results

reported in this study may suggest that the antibiotic

delivery system offered an advantage in treating THA

infected with resistant organisms, possibly as a result of the
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effect of prolonged exposure to local antibiotics in high

concentration on biofilm-forming bacteria protected by

glycocalyx.

All nine of the patients with infection in the setting of

well-ingrown cementless stems resolved their infection

with thorough débridement, head and liner exchange, and

intraarticular infusion.

These results are in distinct contrast to other reports of

treatment of infected THA with retention of implants.

Zurcher-Pfund et al. [59] found that 33% of patients treated

with débridement and retention of their implants survived

without reinfection if the patients had antibiotic-sensitive

bacteria, but that no patient who had either MRSA or

MRSE was treated successfully. A similar study [30]

reported that 96% of patients treated with débridement and

implant retention had successful treatment and avoided

reinfection, but that only 45% were successfully treated if

the infecting organism was staphylococcus. Reports of

revision of cementless THA with late-onset acute infection

are scarce in the literature. One study reports five of six late

hematogenous infections in ingrown cementless THAs

successfully treated with débridement, gentamicin fleece

insertion, and intravenous antibiotics [19], but other studies

report reinfection in 59% of acute hematogenous staphy-

lococcal infections where the prosthesis was retained [53].

Given the results in our study, one might speculate that the

depot antibiotic technique of inserting gentamicin fleece

around the implants before closure may confer a similar

benefit to the local antibiotic installation method.

Our approach demonstrated few complications. Some

concerns have been raised about formation of sinus tracts

with techniques that use indwelling catheters. Fistulas are

more likely to occur when nonsealed catheters are used,

which allow epithelialization of the tract with epidermal

tissue. Hickman catheters are sealed with a fibrous cuff that

is located a centimeter below the skin. Although the tracts

may have epithelialized from the skin down to the cuff

during treatment, this outer portion of the tracts and the

fibrous cuffs are excised when the catheters were removed.

The entrances into the deeper portion of the tract, which

does not have an epidermal lining, were closed with sutures

before two-layer closure of the subcutaneous tissue. We did

not observe any fistula or sinus tract formation in this

series, and none has been reported with treatment of

infected THAs and TKAs using this technique over the past

15 years [46, 54, 55]. This may be because the entire area is

in an active phase of healing when the catheters are

removed, and the catheter tract heals rapidly. Meticulous

closure also likely plays an important role in successful use

of this technique. Similarly, we did not observe significant

issues with renal toxicity related to our infusion technique

of antibiotics, typically vancomycin, and the cases with

elevated serum antibiotic levels or evidence of renal

toxicity were managed easily with cessation of intraartic-

ular antibiotic infusion until serum levels and renal

function returned to normal. This is in contrast to cases

with large antibiotic spacers and other depot techniques

that require reoperation and extirpation of the depot device

in elderly debilitated patients [42].

The use of this method of intraarticular infusion of

bactericidal antibiotics has also been shown effective in

controlling infection in TKA cases growing methicillin-

resistant Staphylococcus species [55, 56] and also in dif-

ficult cases of rerevision for infection of total knees after

failed two-stage revision surgery [54]. Vancomycin con-

centrations well over 4000 lg/mL are readily obtained in

the knee immediately after infusion, and with a daily

infusion regimen, this level can be achieved daily for 6

weeks or longer [46]. Moderate concentrations of antibi-

otics are necessary to prevent biofilm formation [11, 12],

but once biofilm and persister cells have formed, concen-

trations of orders of magnitude greater (as high as 4000 lg/

mL) are necessary to eradicate the bacteria within the

biofilm [7, 8, 11, 12, 17, 27, 31, 45, 49, 50]. Clearly, some

risk of toxicity exists with direct intraarticular infusion of

antibiotics, but this method may be the safest way to

achieve high antibiotic levels over time [54–56] while

allowing for the opportunity to decrease the dose, change

antibiotics, or stop them altogether in the case of allergic

reactions or renal toxicity. Depot methods can certainly

achieve high levels during the early postoperative period,

but their effectiveness deteriorates within 3 days [2, 51]

and may not achieve levels high enough over time to treat

biofilm-dwelling bacteria [22]. In one report, 18 of 20

cement spacers cultured using sophisticated techniques at

the time of spacer removal and final reimplantation grew

resistant organisms [39]. Finally, depot methods for

antibiotic delivery require extensive surgery for removal of

the depot materials in cases with toxic effects of the

antibiotics [36].

Single-stage revision of infected THA is gaining wider

acceptance [5, 33, 58], and antibiotic-impregnated bone

cement is not routinely used during the reimplantation

phase of infected THA [4, 6, 20, 29, 33, 35]. With the

addition of antibiotics infused directly into the joint, revi-

sion of these difficult cases, even when infected with

resistant organisms, may have a high likelihood of suc-

cessfully eradicating the infection and eliminating the

morbidity of a second procedure. Still, two-stage revision

is indicated in certain cases, even when this technique of

intraarticular infusion is used. Although no such cases were

performed during the study period, recent experience in our

clinic has included cases with abscesses, scarred subcuta-

neous tissue, and deficient soft tissue coverage that

precluded secure closure. In our opinion, these cases are

not good candidates for one-stage reimplantation, and
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patients in this setting functioned with a resection

arthroplasty until the wound was well enough healed to

accept hip reimplantation.

Although this technique of intraarticular infusion can be

laborious for the nursing management team postopera-

tively, we feel there are stated advantages of achieving a

much higher local concentration of antibiotics to assist in

eradicating bacteria and biofilms. Further efforts to study

this technique in larger comparative series with other

established methods of one- and two-stage exchange for

this difficult problem are warranted.
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