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Background. The optimal duration of antibiotic therapy after debridement and implant retention (DAIR) for periprosthetic 
joint infections (PJIs) is debated. Furthermore, the best antibiotic regimens for staphylococcal PJI are also unclear. In this study, 
we evaluated the impact of antibiotic therapy duration on the risk of failure. We assessed the utility of rifampin-based regimens 
for staphylococcal PJI managed with DAIR.

Methods. We performed a retrospective cohort study of patients 18 years and older diagnosed with hip and knee PJI who 
underwent DAIR between January 1, 2008 and 31 December 31, 2018 at Mayo Clinic, USA. The outcome was failure of DAIR. 
For statistical analysis, joint-stratified Cox regression models adjusted for age, sinus tract, symptom duration, and primary/ 
revision arthroplasty were performed.

Results. We examined 247 cases of PJI with a median follow-up of 4.4 years (interquartile range [IQR], 2.3–7) after DAIR. The 
estimated 5-year cumulative incidence of failure was 28.1% (n = 65). There was no association between the duration of intravenous 
(IV) antibiotics (median 42 days; IQR, 38–42) and treatment failure (P = .119). A shorter duration of subsequent oral antibiotic 
therapy was associated with a higher risk of failure (P = .005; eg, 90-day vs 1-year duration; hazard ratio [HR], 3.50; 95% 
confidence interval [CI], 1.48–8.25). For staphylococcal knee PJI, both the use and longer duration of a rifampin-based regimen 
were associated with a lower risk of failure (both P = .025). There was no significant association between fluoroquinolone (FQ) 
use and failure (HR, 0.62; 95% CI, .31–1.24; P = .172).

Conclusions. The duration of initial IV antibiotic therapy did not correlate with treatment failure in this cohort of patients. 
Rifampin use is recommended for staphylococcal knee PJI. There was no apparent benefit of FQ use in staphylococcal PJI.
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Total joint arthroplasty is among the most commonly performed 
surgical procedures in the United States. In the United States, 
primary total hip arthroplasties (THAs) and total knee arthro
plasties (TKAs) are projected to grow to more than 2 million 
procedures performed annually by 2030 [1]. It is unfortunate 
that periprosthetic joint infections (PJIs) complicate 0.5%–2% 
of primary THAs and TKAs [2]. Despite advances in infection 
control and surgical technique, PJI still has significant morbidity 
and economic burden [3, 4]. Debridement, antibiotics, and 

implant retention (DAIR) is one of the least invasive surgical 
management strategies for PJI. The surgical procedure involves 
excision of infected skin margins and sinus tracts, if present, rad
ical synovectomy, thorough lavage, and exchange of modular 
components such as a polyethylene liner [5, 6]. Patients are com
monly managed with a course of intravenous (IV) antibiotic 
therapy to be followed by a prolonged oral regimen.

Optimal regimens and duration of antimicrobial therapy in 
patients managed with DAIR are not fully elucidated. 
Published studies show conflicting results, with some showing 
incremental benefit with indefinite chronic suppression where
as others support shorter durations of less than 1 year [7–10]. 
Guidelines from the Infectious Diseases Society of America 
(IDSA) recommend a range of 2 to 6 weeks of initial IV antibi
otics, whereas the International Consensus Meeting (ICM) 
guidelines on PJI suggest that 6 weeks is sufficient [11, 12]. 
The choice and route of antibiotics have garnered significant 
interest. The ICM guidelines do not specify the route of antibi
otics, whereas trials, including the Oral versus Intravenous 
Antibiotics for Bone and Joint Infection (OVIVA) trial, show 
that early transition to oral antibiotics is noninferior to a full 
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course of IV antibiotics [13, 14]. For the most common type of 
PJI, staphylococcal infections, the role of rifampin and its com
panion antibiotics is contested [15]. An old randomized trial 
shows the superiority of rifampin with ciprofloxacin for staph
ylococcal PJI compared with ciprofloxacin alone, but a more re
cent trial did not show the same benefit [16, 17]. Observational 
studies also show conflicting results [18, 19].

This study aimed to identify the optimal duration of antibi
otics in DAIR. To that end, we evaluated the risk of failure of 
DAIR concerning the duration of IV and oral antibiotics. For 
staphylococcal PJI, we also evaluated the risk of failure using ri
fampin and companion antibiotics. More specifically, we as
sessed the effect of the duration of rifampin use by joint on 
risk of failure.

METHODS

We performed a retrospective cohort study of patients 18 years 
and older diagnosed with PJI of the hip or knee and who under
went DAIR between January 1, 2008 and December 31, 2018 at 
a quaternary academic medical center. We queried our institu
tion’s Total Joint Registry (TJR) and its accompanying PJI da
tabase for an initial list of patients. The TJR and PJI database 
collected information on all cases of PJI diagnosed in our insti
tution regardless of where the index arthroplasty was per
formed [20]. Patients who met the criteria for PJI and 
underwent DAIR for the first time in our institution were in
cluded. We excluded patients who were not managed with 
DAIR (eg, 1-stage or 2-stage exchange arthroplasty), under
went DAIR in another facility, did not consent to research, or 
died within the same admission. We reviewed the electronic 
medical record of all patients that met our inclusion criteria. 
Patients were followed from the debridement date until they 
met our definition of failure or the identified last visit in the 
electronic medical record. Study data were collected and man
aged using REDCap electronic data capture tool [21].

Definitions

We defined PJI as the presence of (1) 2 positive periprosthetic 
specimens with at least 1 matching organism, (2) a sinus tract, 
or (3) 3 of the following 5 criteria: elevated serum erythrocyte 
sedimentation rate/C-reactive protein, synovial fluid white 
blood cell count, synovial polymorphonuclear percentage, 
acute inflammation on histopathology, 1 positive peripros
thetic culture [22, 23]. See Supplementary Table 1 for cutoff val
ues used. Failure of DAIR was defined if any one of the 
following was present on follow-up: (1) recurrence of PJI as de
fined, (2) unplanned reoperation (DAIR, implant resection, 
amputation) secondary to infection, or (3) infection-related 
death. Clinical factors such as age, comorbidities, duration of 
symptoms, and orthopedic and infection history were assessed 
at the time of debridement. A staphylococcal PJI was defined as 

isolating at least 1 Staphylococcus species in cultures and was 
deemed clinically significant by treating physicians.

Antimicrobial Therapy

Orthopedic infectious diseases specialists selected the antibiotic 
regimens based on microorganism identified, susceptibility 
data, clinical scenario, contraindications, and drug-drug inter
actions. The duration of therapy was computed from the date of 
surgery to the date of stoppage. The antibiotic strategy was 
aligned with the IDSA guidelines [11]. Duration of IV and 
oral antibiotics were computed separately. If multiple changes 
were made during the oral antibiotic phase, the antibiotic used 
for the majority (>50%) of the time was listed.

Statistical Analysis

Treatment failure rates were estimated over time based on the 
cumulative incidence function to account for the competing 
risk of death from unrelated causes. Follow-up time was de
scribed by Kaplan-Meier quartile estimates. Extended Cox pro
portional hazard regression models with time-dependent 
variables were used to relate dynamic treatment measures 
with the risk of treatment failure. The duration of treatment 
was the primary independent variable, and a separate model 
was fit for each type of therapy: IV, oral (limited to cases free 
of failure at 60-day follow-up); and rifampin (for staphylococ
cal PJI). Each time-dependent duration variable was updated 
during follow-up to reflect the cumulative number of days on 
treatment; this was achieved by coding 0 for the days before 
therapy and then incrementally adding 1 for each additional 
day treated. Time-dependent variables indicating the use of 
treatment were also created for rifampin and FQ. To control 
for potential confounding, the models included 4 baseline co
variates chosen a priori based on clinical relevance: age, pres
ence of sinus tract, duration of symptoms, and primary or 
revision arthroplasty [12].

Specific models for the use or duration of rifampin were ex
tended with treatment-by-joint interactions to allow for differ
ential treatment effects for knees and hips. Because data were 
analyzed at the joint level and some patients contributed 
more than 1 observation, the White [24] cluster sandwich esti
mator was used to correct model estimates for correlated re
sponses from the same patient. Treatment duration was 
modeled as a continuous, nonlinear variable using a restricted 
cubic spline function. The partial effects were plotted to depict 
the association between duration and the hazard of failure. The 
P value reported from the model is a test of nonflatness and rep
resents the overall effect across the entire range of durations, 
whereas hazard ratios (HRs) were used to compare 2 specific 
values of the continuous function. Therefore, due to possible 
nonlinearity in the duration effect, the overall test of associa
tion may be significant even when the 95% confidence interval 
(CI) for the HR includes 1.0. All analyses were performed with 
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R statistical software (version 3.6.2; R Foundation for Statistical 
Computing, Vienna, Austria).

Patient Consent

This study was deemed exempt by the Mayo Clinic Institutional 
Review Board. Consent process was in compliance with the 
Minnesota Research Authorization law.

RESULTS

Baseline Characteristics

There were 1439 PJI cases identified during the study period. Of 
those, 247 cases of PJI in 237 patients were managed with DAIR. 
Most cases involved males (54.3%) with a median age of 70 years 
(interquartile range [IQR], 60–78). The most common co
morbidity was diabetes mellitus (25.9%, n = 64) (Table 1). 
Twenty-five percent of cases had a history of revision arthro
plasty due to infection (n = 62). The median duration of symp
toms was 7 days (IQR, 3–19). Sinus tract was present in 12.1% 
(n = 30). The majority were monomicrobial infections (72.9%, 
n = 180), 19% were polymicrobial (n = 47), and 8.1% were 
culture-negative (n = 20). Overall, 23.3% had an associated 
bloodstream infection (n = 57). The most common causative 
microorganism was Staphylococcus aureus complex (35.6%, 
n = 88), followed by coagulase-negative staphylococci (23.4%, 

n = 58). Gram-negative bacteria were involved in 29 cases 
(11.7%). See Supplementary Table 2 for the full list of organisms 
isolated.

Management of Infection

All procedures were performed through open debridement. 
Modular components were exchanged in 59.1% (n = 146) of 
cases. Intravenous antibiotic therapy was used to treat all but 
2 cases for a median duration of 42 days (IQR, 38–42). The 
most commonly used IV antibiotics were beta-lactams 
(66.8%, n = 165) followed by vancomycin (32.4%, n = 80). 
Note that 9.3% were concurrently treated with a second IV an
tibiotic (n = 23), most often due to polymicrobial infection. 
Oral antibiotics were prescribed after IV antibiotics in 227 cases 
(91.9%) for a median duration of 2.1 years (IQR, 0.9–4.1), 26 of 
whom had oral antibiotics discontinued after a median of 1.4 
years (IQR, 0.7–2.4) due to various reasons (ie, patient prefer
ence, provider recommendation, adverse events). The remain
ing patients were still on oral antibiotics until the end of 
follow-up.

Outcomes and Duration of Therapy

Failure of therapy occurred in 65 cases over a median follow-up 
of 4.4 years (IQR, 2.3–7.0), with a 5-year cumulative failure rate 
of 28.1% (35.9% in knee cases and 16.2% in hip cases) 
(Figure 1). Thirty-six failures occurred in the first year 
(55.4%), including 13 while receiving IV antibiotics. When 
the duration of IV antibiotics was modeled as a continuous 

Table 1. Baseline Clinical Characteristics of Cases

Clinical Characteristics Total (N = 247)

Age in years, median (IQR) 70 (60–78)

Male sex, n (%) 134 (54.3)

Race, White, n (%)a 242 (98.8)

Body mass index in kg/m2, median (IQR)a 32.0 (27.7–38.6)

Diabetes mellitus, n (%) 64 (25.9)

Congestive heart failure, n (%) 38 (15.4)

Chronic obstructive pulmonary disorder, n (%) 36 (14.6)

Rheumatoid arthritis, n (%) 31 (12.6)

Immunocompromised, n (%) 14 (5.7)

Chronic kidney disease, n (%) 11 (4.5)

Liver cirrhosis, n (%) 8 (3.2)

Active tobacco use, n (%) 22 (8.9)

Alcohol use disorder, n (%) 5 (2.0)

Primary arthroplasty, n (%) 125 (50.6)

Revision arthroplasty, n (%) 122 (49.4)

Due to infection 62 (25.1)

Due to aseptic reasons 60 (24.3)

Joint Type

Total hip arthroplasty, n (%) 87 (35.2)

Hip hemiarthroplasty, n (%) 11 (4.5)

Total knee arthroplasty, n (%) 147 (59.5)

Unicompartmental knee arthroplasty, n (%) 2 (0.8)

Cemented arthroplasty, n (%) 172 (69.6)

C-reactive protein in mg/L, median (IQR)b 101.2 (41.3–196.1)

Abbreviations: IQR, interquartile range.  
an = 245 (99.2%) with available information.  
bn = 214 (86.6%) with available information.

Figure 1. Cumulative incidence of treatment failure. The thick black curve depicts 
the overall rate of treatment failure over time, as estimated by the cumulative in
cidence function after accounting for the competing risk of death from unrelated 
causes. The shaded region represents the 95% confidence band. Joint-specific cu
mulative incidence curves begin to diverge at approximately 3 months, after which 
time failure is proportionately less for hip periprosthetic joint infection (PJI) than for 
knee PJI. DAIR, debridement, antibiotics, and implant retention.
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variable adjusting for possible confounding factors, we did not 
find a significant association between duration and treatment 
failure (P = .119) (Figure 2). Specifically, when comparing 4 
weeks versus 6 weeks in the continuous function, we did not 
see a difference in outcomes (HR, 1.01; 95% CI, .52–1.94).

Of the 26 cases in which oral antibiotics were stopped during 
follow-up, 5 subsequently failed (median time from surgery to 
failure was 2.0 years [range, 0.8–6.0] and 4.0 months [range, 
1.8–24.0] after cessation). An additional 46 cases failed over 
time while on oral antibiotics (median time to failure on oral 
antibiotics was 12.3 months [range, 1.5–72.8]). In the adjusted 
Cox analysis restricted to cases free of failure at 60-day follow-up 
(thereby removing those who failed early on before receiving oral 
antibiotics), a shorter duration of oral antibiotic duration was as
sociated with an increased risk of failure (P = .005). However, the 
increased hazard appeared to be driven by data early in the treat
ment course (eg, 90-day vs 1-year duration; HR, 3.50; 95% CI, 
1.48–8.25), because no detectable differences in risk were ob
served over longer durations (eg, comparison of 5-year vs 
1-year duration; HR, 1.43; 95% CI, .29–6.98). Supplementary 
Figure 1 illustrates the relation between the duration of oral an
tibiotics with the risk of failure.

Antibiotics for Staphylococcal Periprosthetic Joint Infection

Staphylococcal PJI comprised 60.7% of all cases (n = 150). 
There were 135 cases (90.0%) that succeeded past the IV anti
biotic phase (median duration of 42 days [IQR, 39–42]) and 
were prescribed oral antibiotics. Of these, FQ were used in 

31.1% (42 of 135) with a median duration of 102 days (IQR, 
42–156) before failing or being switched to another class of 
oral antibiotics. Of the 42 staphylococcal PJI cases treated 
with FQ, 38 were also given rifampin. The remaining 93 cases 
were treated with non-FQ, most commonly tetracyclines (n = 46) 
followed by beta-lactams (n = 39) and trimethoprim/sulfame
thoxazole (n = 13). Note that 6 cases were concomitantly treat
ed with 2 non-FQ antibiotics. In the adjusted analysis, there 
was no significant association between FQ use and failure 
(HR, 0.62; 95% CI, .31–1.24; P = .172).

Of the 150 cases with staphylococcal PJI, 103 (68.7%) received a 
rifampin-based regimen for a median duration of 95 days (IQR, 
51.5–180.5). In the adjusted Cox analysis, the use of rifampin 
showed a protective effect overall (P = .025), with a lower risk of 
failure in treating knee PJI (HR, 0.40; 95% CI, .20–.79; P = .008) 
but no significant effect for hip PJIs (HR, 1.47; 95% CI, .35–6.15; 
P = .597). A longer duration of rifampin was also associated with 
a significantly lower risk of failure overall (P = .025) (Figure 3). 
Specifically, for knee PJI, there was a significant benefit from a lon
ger duration of rifampin (P = .025), with the specific comparison of 
6- versus 3-month duration trending toward significance (HR, 
0.58; 95% CI, .28–1.20). See Table 2 for a summary of the results.

DISCUSSION

The optimal antimicrobial strategy in patients managed with 
DAIR is unknown, with wide variations in practice worldwide. 
Establishing the optimal antimicrobial strategy will undoubted
ly improve the success rates of DAIR and reduce the misuse of 

Figure 2. Estimated relationship between duration of intravenous antibiotic therapy and failure. The curve displays the hazard ratio for failure comparing any given value of 
intravenous antibiotic duration on the x-axis with the reference value, as computed from the adjusted analysis after accounting for 4 relevant covariates in a time-dependent 
Cox model. Shaded areas represent 95% confidence intervals. Dotted vertical lines are used to denote the reference value of 4 weeks and the primary comparison value of 6 
weeks, which are shown to have similar hazard. The tick marks displayed at the top of the plot represent the data distribution, with the height of the lines proportional to the 
number of patients treated for that value of duration.
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antibiotics. In this retrospective cohort study, we looked at out
comes of patients with PJI managed with DAIR concerning the 
duration of treatment. We also investigated the antibiotic reg
imens for staphylococcal PJI.

Statistical analysis of the duration of IV antibiotics revealed 
no overall association with the risk of treatment failure. Our 
analysis did not suggest any thresholds for which dichotomiz
ing duration into 2 groups would have yielded significant dif
ferences in risk. Note that only a small number of patients in 
our cohort were treated with IV antibiotics for less than 4 
weeks. Thus, we cannot definitively conclude whether a 
2-week or even 2-week duration of IV antibiotics is as effective 
as 6 weeks. Nevertheless, this finding was consistent with ran
domized controlled trials showing that early switching to oral 
therapy was noninferior to completing the entire course with 
IV antibiotics [13, 14]. We observed an increased risk of failure 
associated with a shorter duration of oral antibiotics. This find
ing is consistent with the findings of the DATIPO trial that 
showed that a 6-week course of antibiotic therapy was inferior 
to 12 weeks of antibiotics for DAIR [25]. However, the vast ma
jority of our cohort were treated with indefinite suppression, 
which precludes us from drawing conclusions on the optimal 
duration of oral antibiotics.

For staphylococcal PJI, most studies and guidelines support 
the use of rifampin-combination therapy [11, 26]. This study 
confirms the findings of Beldman et al [26], showing that there 
are outcome benefits to using a rifampin-based regimen, partic
ularly with knee PJIs. This study is congruent with existing lit
erature that endorses using a longer duration of rifampin and 
its association with improved outcomes, particularly for knee 
PJIs [18, 27, 28]. Our modeling further showed a modest but 
nonsignificant reduction in risk for the 6-month duration of 

Figure 3. Estimated relationship between rifampin duration and failure for knee- and hip-specific staphylococcal periprosthetic joint infection (PJI). The curves display the 
hazard ratios for failure comparing any given value of rifampin duration on the x-axis with the reference value, as computed from the joint-stratified analysis after adjusting for 
4 relevant covariates in a time-dependent Cox model. Shaded areas represent 95% confidence intervals. For reference levels, which are denoted by the dotted vertical lines, 
we used a rifampin duration of 1 month for hip PJI and 3 months for knee PJI. The tick marks displayed at the top of each panel represent the data distribution, with the height 
of the lines proportional to the number of patients treated for that value of duration.

Table 2. Association of Time-Dependent Treatment Measures with 
Failure of DAIRa

Variable
Joints 

(Patients) Events Contrast
Adjusted HR 

(95% CI)
P 

Value

Total cohort 
Intravenous 
antibiotic duration

247 (237) 65 6 w: 4 w 1.01 (0.52-1.94) .119

Cases failure-free at 
day 60  
Oral antibiotic 
duration

223 (213) 51 90d:1y  
5y: 1y

3.50 (1.48-8.25)  
1.43 (0.29-6.98)

.005

Staphylococcal PJI 
cases FQ use

150 (147) 48 Yes: No 0.62 (0.31–1.24) .172

Rifampin use

Knee 90 (87) 38 Yes: No 0.40 (0.20–0.79) .008

Hip 60 (60) 10 Yes: No 1.47 (0.35–6.15) .597

Rifampin duration

Knee 90 (87) 38 6 m: 3 m 0.58 (0.28–1.20) .025

Hip 60 (60) 10 3 m: 1 m 0.45 (0.05–4.01) .171

Abbreviations: FQ, fluoroquinolone; HR, hazard ratio; CI, confidence interval; d, days; m, 
months; w, weeks; y, year/s.  
aTo assess association with treatment failure, each treatment measure was analyzed 
separately as a time-dependent covariate in a Cox model among individuals eligible to 
receive that treatment. Duration was modeled with a restricted cubic spline to relax 
linearity assumptions; hazard ratios were computed based on prespecified (arbitrary) time 
points for comparison, whereas P values represent the overall effect across the entire 
range of durations. Due to possible nonlinearity, the overall test of association may be 
significant even when the CI does not exclude HR = 1.
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therapy compared with 3 months for knee PJIs. We did not see 
a significant treatment benefit of rifampin with hip PJI. 
However, this might be due to the smaller sample size and few
er observed events in this subgroup.

Some studies showed that non-FQ regimens portend a high
er risk of failure [12, 26]. However, this study did not detect a 
significant difference in outcomes between a rifampin-based 
regimen containing FQ versus non-FQ. This finding is signifi
cant because many patients may not tolerate a prolonged 
course of FQ and discontinuation is necessary for up to 36% 
of patients [29]. There are considerable differences in defini
tions and methods among the studies assessing these antibiotic 
strategies for staphylococcal PJI; thus, head-to-head compari
sons are challenging.

The limitations of this study include the possibility of con
founding. Although efforts were made to adjust for key risk fac
tors of failure, the sample size and number of events limited our 
ability to adjust for all known risk factors. There is potential 
bias from confounding by indication, because there might be 
comorbidities that increase the risk of failure and are also a con
traindication to rifampin and FQ. The antimicrobial treatment 
strategy for each case was not standardized, leading to hetero
geneity in our patient population. Our definition of antibiotics 
did not evaluate short-term exposures to different antibiotics 
due to modifications in treatment by the managing physicians. 
Furthermore, the study’s retrospective nature limits our ability 
to ensure adherence to oral antibiotics. Randomized, adequate
ly powered trials on patients with a defined surgical strategy 
that reflects the reality of clinical practice are required to the 
question on the duration of antibiotics past 12 weeks.

CONCLUSIONS

In conclusion, among patients with PJI managed with DAIR, 
the duration of initial IV antibiotics did not correlate with 
treatment failure. For staphylococcal PJI, the use of rifampin 
is associated with a reduced risk for failure of DAIR, whereas 
there was no apparent benefit of FQ.

Supplementary Data
Supplementary materials are available at Open Forum Infectious Diseases 

online. Consisting of data provided by the authors to benefit the reader, the 
posted materials are not copyedited and are the sole responsibility of the 
authors, so questions or comments should be addressed to the correspond
ing author.
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