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Abstract

Background Many patients develop recurrent peripros-

thetic joint infection after two-stage exchange arthroplasty

of the hip or knee. One potential but insufficiently tested

strategy to decrease the risk of persistent or recurrent

infection is to administer additional antibiotics after the

second-stage reimplantation.

Questions/purposes (1) Does a 3-month course of oral

antibiotics decrease the risk of failure secondary to

infection after a two-stage exchange? (2) Are there any

complications related to the administration of oral antibi-

otics after a two-stage exchange? (3) In those patients who

develop a reinfection, is the infecting organism different

from the initial infection?

Methods Patients at seven centers randomized to receive

3 months of oral antibiotics or no further antibiotic treat-

ment after operative cultures after the second-stage

reimplantation were negative. Adult patients undergoing
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two-stage hip or knee revision arthroplasty for a peripros-

thetic infection who met Musculoskeletal Infection Society

(MSIS) criteria for infection at the first stage were

included. Oral antibiotic therapy was tailored to the origi-

nal infecting organism(s) in consultation with an infectious

disease specialist. MSIS criteria as used by the treating

surgeon defined failure. Surveillance of patients for com-

plications, including reinfection, occurred at 3 weeks, 6

weeks, 3 months, 12 months, and 24 months. If an organ-

ism demonstrated the same antibiotic sensitivities as the

original organism, it was considered the same organism; no

DNA subtyping was performed. Analysis was performed as

intent to treat with all randomized patients included in the

groups to which they were randomized. A log-rank survival

curve was used to analyze the primary outcome of rein-

fection. At planned interim analysis (enrollment is

ongoing), 59 patients were successfully randomized to the

antibiotic group and 48 patients to the control group. Fifty-

seven patients had an infection after TKA and 50 after a

THA. There was no minimum followup for inclusion in

this analysis. The mean followup was 14 months in the

antibiotic group and 10 months in the control group.

Results Patients treated with oral antibiotics failed sec-

ondary to infection less frequently than those not treated

with antibiotics (5% [three of 59] versus 19% [nine of 48];

hazard ratio, 4.37; 95% confidence interval, 1.297–19.748;

p = 0.016). Three patients had an adverse reaction to the

oral antibiotics severe enough to cause them to stop taking

the antibiotics early, and four patients who were random-

ized to that group did not take the antibiotics as directed.

With the numbers available, there were no differences

between the study groups in terms of the likelihood that an

infection after treatment would be with a new organism

(eight of nine in the control group versus one of three in the

treatment group, p = 0.087).

Conclusions This multicenter randomized trial suggests

that at short-term followup, the addition of 3 months of oral

antibiotics appeared to improve infection-free survival. As

a planned interim analysis, however, these results may

change as the study reaches closure and the safety profile

may yet prove risky. Further followup of this cohort of

patients will be necessary to determine whether these

preliminary results are durable over time.

Level of Evidence Level I, therapeutic study.

Introduction

Periprosthetic joint infections (PJIs) remain one of the most

devastating complications of THA and TKA, posing a large

physical, economic, and emotional burden on the patient

and many challenges on the surgeon. Although there are

several strategies for the treatment of PJI, a commonly

used strategy to treat patients with late infection is a two-

stage revision with placement of an antibiotic-impregnated

spacer and a course of organism-directed antibiotics after

the first stage with reported success rates approaching 90%

[4]. However, more recent studies have suggested that

failures secondary to infection occur more frequently than

that [2–4].

In a retrospective study by Zywiel et al. [14], a course of

microorganism-directed oral antibiotic therapy after reim-

plantation reduced the risk of recurrent infection after a

two-stage exchange. Similarly, Johnson et al. [5] found a

13.6% rate of reinfection compared with 0% for those

patients treated with a course of oral antibiotics. However,

to date, there have been no randomized studies evaluating

this strategy.

We therefore asked: (1) Does a 3-month course of oral

antibiotics decrease the risk of recurrent infection after a

two-stage exchange? (2) Are there any complications

related to the administration of oral antibiotics after a two-

stage exchange? (3) In those patients who develop a rein-

fection, is the infecting organism different from the initial

infection?

Patients and Methods

This was a multicenter, prospective randomized controlled

trial. Each participating site received approval from their

respective institutional review boards. This study was

registered with clinicaltrials.gov (NCT01760863). All adult

patients presenting to the participating institutions since

2011 who met eligibility criteria were approached for

enrollment and enrollment is ongoing. A planned interim

analysis was done once approximately half of the sample

size was enrolled to determine if a large difference was

observed and if the study should be halted. After discussion

of the results with the institutional review board at Rush

University Medical Center and with our statistician, the

decision was made to continue enrolling.

Adult patients undergoing two-stage revision

arthroplasty of the knee or hip for a periprosthetic infection

who met Musculoskeletal Infection Society (MSIS) criteria

for infection [10] at the first stage and who had negative

cultures at the time of the second-stage reimplantation were

included. Exclusion criteria included patients with fungal

prosthetic joint infections, unable to tolerate or refuse to

undergo oral antibiotic therapy, unable to followup at the

specified intervals, allergy to the therapy of preference, or

had an infecting organism that was not amenable to oral

antibiotic therapy.

Patients were randomized through opaque envelopes

prepared with a random number generator to either a 3-

month course of oral antibiotic therapy tailored to the
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original infecting organism(s) or no additional antibiotic

therapy.

Patients were evaluated at the 3-week, 6-week, 3-month,

12-month, and 24-month time points. At each followup

visit, patients who were randomized to the oral antibiotic

arm were evaluated for any missing doses, additional

prescribed antibiotics, adverse reactions, and reinfection.

Patients randomized to the observation group were evalu-

ated for any additional prescribed antibiotics and

reinfection at each followup visit.

The primary outcome measure was reinfection as

determined by meeting MSIS criteria as ascertained by the

treating surgeon. Assessors were not blinded relative to the

treatment groups. Patients were evaluated for complica-

tions at the time of last followup. If an organism

demonstrated the same antibiotic sensitivities as the orig-

inal organism, it was considered the same organism; no

DNA subtyping was performed.

Statistical Analysis

An a priori power analysis determined that 77 patients per

group would be required to demonstrate a reduction in

infection recurrence from 16% to 4% (b = 0.80 and a =

0.05). Analysis was performed as intent to treat (ITT) with

all randomized patients included in the groups to which

they were randomized. A log-rank survival curve was used

to analyze the primary outcome of reinfection, and the time

to last followup or date of reinfection was used; p values\
0.05 were considered significant. The data presented here

were generated at the time of an interim analysis once half

of the target sample size patients were enrolled.

There was a total of 57 patients with PJI after a TKA

and 50 patients with a PJI after THA. Mean age, body mass

index, gender, and Charlson Comorbidity Index were not

different between the groups suggesting appropriate ran-

domization. No minimum followup period was set and loss

to followup was not ascertained.

A total of 107 patients were enrolled at the time of

interim analysis with 58 patients randomized to the

antibiotic group and 49 in the control group. Time to fol-

lowup tended to be longer in the treatment group than in

the control group (14 ± 11 months versus 10 ± 10 months;

p\0.0526; Table 1). This was largely related to patients in

the control group failing more frequently, decreasing the

mean time to followup. A minimum followup period was

not set for the current interim analysis. There was one

screening failure in which a patient randomized to the oral

antibiotic group was found to be allergic to the only oral

antibiotic regimen recommended. Forty-eight patients in

the control group and 59 patients in the oral antibiotic

group remained eligible for followup and were included in

this analysis.

Results

Failure from infection occurred less commonly in the

treatment group than the control group. Three patients in

the treatment group were diagnosed with infection com-

pared with nine in the control group (5% versus 19%;

hazard ratio, 4.37; 95% confidence interval, 1.297–19.748;

p = 0.0162; Fig. 1). Ten of the 12 reinfections occurred

before 1 year, and of those, two were from the antibiotic

group and eight from the control group. Of the two rein-

fections that occurred after 1 year, one was from the

antibiotic group and one was from the control group

(Table 2).

Three patients stopped taking their assigned oral

antibiotics early because they developed adverse reactions

including gastrointestinal upset and nausea. Three addi-

tional patients in the oral antibiotic group reported milder

adverse reactions including rash, yeast infection, and nau-

sea, but all three completed their assigned courses. Patients

were not removed from the ITT analysis as a result of

premature discontinuation of assigned antibiotic treatment.

With the numbers available, there were no differences

between the study groups in terms of the likelihood that an

infection after treatment would be with a new organism

(eight of nine in the control group versus one of three in the

treatment group, p = 0.087).

Table 1. Preoperative demographic characteristics of both the oral antibiotics and control groups

Demographic characteristics Oral antibiotics Control All data

Mean (SD) Mean (SD) p value Mean (SD)

Age (years) 63 (10) 65 (11) 0 64 (10)

BMI (kg/m2) 31 (7) 31 (6) 1 31 (6)

Gender 33 male (56% male) 33 male (69% male)

Charlson Comorbidity Index 1 (1) 1 (1) 1 1 (1)

Time to followup (months) 14 (11) 10 (10) 0 12 (11)

Continuous data are shown as mean ± SD; BMI = body mass index.
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Discussion

Treatment of PJI continues to be challenging. Treatment

failures are not only costly, but also are associated with

substantial morbidity and mortality [1, 3, 6, 8, 12]

Although two-stage exchange arthroplasty remains a

commonly used treatment approach, it remains imperfect.

Studies have reported success rates approaching 90%,

whereas others have reported less successful outcomes [7].

The patient devastation that ensues with failure has

necessitated the push for continued attempts at improving

outcomes. Prior retrospective studies [5, 14] have shown

promising improvements in infection-free rates with the

incorporation of oral antibiotics after two-stage exchange.

Unfortunately, their low patient numbers and retrospective

design weaken the strength of these studies. Therefore, in

the current study, we performed a multicenter randomized

control trial that investigated the utility of an additional 3-

month course of oral antibiotics after a two-stage exchange

for PJI. At interim analysis, we have found a significant

decrease in the rate of reinfection from 19% in the control

group to 5% in the treatment group.

There are several limitations to this study that should be

considered when interpreting our results. Given this is an

interim analysis, there was a relatively small number of

patients that has been enrolled at this time and we have not

yet reached our target enrollment. However, insofar as we

identified between-group differences that are potentially

clinically important at our interim analysis, we felt it was

important to share our findings. There is also the potential

for assessor bias given this study was randomized yet not

blinded. Following strict MSIS criteria for reinfection

helped decreased this. Furthermore, our followup is rela-

tively short and it will be critical to understand in time if

the results in the oral antibiotic group are durable over

time. That being said, it has been suggested that the

majority of infections observed in this population occurred

within the first 3 months postoperatively [9]. The patients

included in this study were also recruited from a variety of

institutions that may introduce cluster bias; however, the

demographics were not different among groups and we

believe including patients from multiple centers makes our

work more generalizable. In addition, culture sensitivities

were used to determine if an infecting organism was

‘‘different’’ from the original infecting organism; however,

genotyping may have shown that an organism may be

different although demonstrating the same sensitivity, thus

providing additional evidence that a failure secondary to

reinfection was a new infection versus a persistent infec-

tion. The clinical relevance of this, however, may be small

given that the treatment algorithm would remain

unchanged.

It is important to recognize that this is an interim anal-

ysis and that this introduces the potential for serious

limitations to our findings. This interim analysis was

planned once approximately half of the patients were

Fig. 1 A log-rank survival curve for oral antibiotics versus control for all spacers used is shown. ABX = antibiotics
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enrolled to ensure that there was not a large difference

between the two groups. Once we identified a difference

that we felt was potentially clinically relevant (a reduction

in the failure rate secondary to infection from 19% to 5%),

we felt it was important to share our findings. Once this

analysis was performed, we discussed with our institutional

review board if the study should be halted, and after

meeting with the institutional review board and our

statistician, the decision was made to continue because a

few more failures in the oral antibiotic group would change

the results; this is a serious limitation of our work and

mandates future followup at longer term followup to ensure

that these results do not change. Based on our a priori

power calculation, target enrollment is 154 patients fol-

lowed for a minimum of 2 years.

We found that oral antibiotics resulted in a decreased

risk of infection at short-term followup. Several studies

have focused on the use of oral antibiotics as a method of

chronic suppression after two-stage revision surgery to

maintain improved survival rates. Byren et al. [2] noted a

decrease in the risk of reinfection for patients who were

kept on oral antibiotics during the first 3 months after

surgery in comparison to those patients who ceased treat-

ment. More recently, Siquiera et al. [11] found a 5-year

infection-free survival rate that was almost 20% higher for

those patients who received chronic oral antibiotic sup-

pression versus those who did not. Two retrospective

studies have also reported a decreased risk of infection with

the addition of a course of oral antibiotic therapy after

reimplantation. Zywiel et al. [14] found the risk of infec-

tion after treatment with oral antibiotics was 4% compared

with 16% without oral antibiotics, whereas Johnson et al.

[5] found a 0% rate of reinfection versus 13.6% without

antibiotic treatment. The results of our randomized trial

seem to support the work of these prior retrospective series,

although further followup over time will be required. It is

possible that oral antibiotic treatment after the second-stage

reimplantation may only delay recurrent infection and not

change the overall reinfection rate with further followup.

Although the administration of oral antibiotics is a rel-

atively low-risk intervention, it is important to recognize

that antibiotic administration is not without risk. In this

series, three patients (just more than 5%) had to discon-

tinue their use secondary to complications related to their

Table 2. Culture results from subjects with a reinfection

Joint Time to reinfection status

post-Stage 2 (days)

Treatment Culture results

Hip 9 Control 1. Stage 1 culture: Enterococcus faecalis Group D

2. Reinfection culture: coagulase-negative Staphylococcus

Knee 10 ABX: levofloxacin 1. Stage 1 culture: E coli

2. Reinfection culture: MRSA

Hip 16 Control 1. Stage 1 Culture: anaerobic Gram-positive cocci

2. Reinfection culture: coagulase-negative staphylococcus

Hip 21 Control 1. Stage 1 culture: Staphylococcus epidermidis, MSSA

2. Reinfection culture: MSSA

Knee 29 Control 1. Stage 1 Culture: MSSA

Reinfection culture: Serratia marcescens

Hip 36 Control 1. Stage 1 culture: MSSA

2. Reinfection culture: Escherichia coli, MSSA

Hip 40 Control 1. Stage 1 culture: MSSA

2. Reinfection culture: Streptococcus agalactiae (Group B)

Hip 72 Control 1. Stage 1 culture: MSSA

2. Reinfection culture: coagulase-negative Staphylococcus

Hip 175 Control 1. Stage 1 culture: Proteus mirabilis

2. Reinfection culture: Morganella morganii

Knee 347 ABX: cefadroxil 1. Stage 1 Culture: coagulase-negative Staphylococcus,

Mycoplasma avium complex

2. Reinfection culture: Staphylococcus epidermidis

Knee 467 ABX: cefuroxime 1. Stage 1 culture: MSSA

2. Reinfection culture: MSSA

Knee 468 Control 1. Stage 1 culture: Bacterioides fragilis

2. Reinfection culture: Staphylococcus lugdunensis

ABX = antibiotics; MSSA = methicillin-susceptible Staphylococcus aureus; MRSA = methicillin-resistant S aureus.
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administration. Furthermore, many patients may not rec-

ognize the importance of taking them and discontinue them

early even if recommended by the surgeon or another

caretaker. It is also important to keep in mind that oral

antibiotics add cost to patient treatment. Finally, longer

term antibiotic treatment could promote antibiotic resis-

tance, which is a growing concern.

Interestingly, a large proportion of the reinfections in

this study was caused by a new organism, suggesting that a

course of antibiotics may help protect patients from rein-

fection with a new microorganism as opposed to further

treating the infection that originally led to the two-stage

exchange. Prior studies have also suggested that most cases

of recurrent PJI may be in fact secondary to a new infection

rather than a failure of the prior treatment [13].

This multicenter randomized trial suggests that at short-

term followup, the addition of 3 months of oral antibiotics

appeared to improve infection-free survival. As a planned

interim analysis, however, these results may change as the

study reaches closure and the safety profile may yet prove

risky. Further followup of this cohort of patients will be

necessary to determine whether these preliminary results

are durable over time.
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