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Abstract

Background—In total knee arthroplasty (TKA) periprosthetic joint infection (PJI), irrigation 

debridement (I&D) with component retention is a treatment option with a wide variation in 
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reported failure rates. The purpose of this study was to determine failure rates, outcomes, and 

factors that predict failure in I&D for TKA PJI.

Methods—A multicenter observational study of patients with a TKA PJI and subsequently 

undergoing an I&D with retention of components was conducted. The primary outcome was 

failure rate of I&D, where failure was defined as any subsequent surgical procedures.

Results—216 cases of I&D with retention of components performed on 206 patients met 

inclusion criteria. The estimated long-term failure rate at 4 years was 57.4%. Time-to-event 

analyses revealed that the median survival time was 14.32 months. Five-year mortality was 19.9%. 

Multivariable modeling revealed that time symptomatic and organism were independent predictors 

of I&D failure. Culture negative status had a higher hazard for failure than culture positive 

patients. When primary organism and time symptomatic were selected to produce an optimized 

scenario for an I&D, the estimated failure rate was 39.6%.

Conclusions—I&D with retention of components has a high failure rate, and there is a high 

incidence of more complex procedures after this option is chosen. The patient comorbidities we 

investigated did not predict I&D success. Our results suggest that I&D has a limited ability to 

control infection in TKA and should be used selectively under optimum conditions.

Introduction

Total knee arthroplasty (TKA) is becoming more prevalent in the United States. By 2030, 

approximately 4 million total knee and hip arthroplasty procedures are anticipated to be 

performed yearly [1, 2]. Among these patients, prosthetic joint infection (PJI) remains a 

prevalent cause of TKA failure [3]. For acute PJI, debridement and implant retention of the 

joint prosthesis or irrigation and debridement (I&D) with exchange of the polyethylene liner 

and component retention remains a treatment option [2]. Such a procedure avoids the need 

for hardware removal, which can be associated with increased costs as well as presumed 

potentially increased morbidity [4]. The disadvantage of this approach is an associated high 

failure rate.

A wide range of treatment failure rates associated with patients who undergo debridement 

with implant retention has been reported in the literature. Failure rates have been reported as 

high as 84% in a 2-year multi-center retrospective study of 19 patients who underwent 

debridement with implant retention [5]. Inclusion criteria included acute PJI cases with 

symptoms of less than 4 weeks that were culture positive with Methicillin Resistant 

Staphylococcus aureus (MRSA) and follow up of at least 2 years. Conversely, Kupier et al. 

reported a mere 34% failure rate in a 3-year multicenter observational study involving 91 

patients [6]. This study had similar inclusion criteria of at least two year follow up, but 

included any culture positive or culture negative PJI and defined infection by a previously 

established criteria [7]. Such vast differences in failure rates underscore the wide variability 

in outcomes associated with I&D and component retention. This may in part be a 

consequence of various limitations in some of these studies, including small sample sizes, 

limited follow-up periods and the inability to reliably estimate time to treatment failure 

given short study durations [5, 6, 8–19]
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We therefore asked in a large, multicenter study with extended follow-up: 1) What is the rate 

and time period to failure in I&D with retention of components in TKA PJI? (2) In failed 

cases of I&D with component retention, what are the subsequent outcomes in terms of future 

revision surgery and mortality? (3) What patient factors predict treatment failure?

Methods

Study Design

A retrospective, multicenter observational study of patients diagnosed with a TKA PJI and 

subsequently undergoing a debridement with retention of components between 2005 and 

2015 was performed. Data were acquired from electronic medical records, and institutional 

review board approval was obtained. The study was completed at 16 hospitals in a regional 

health system compromising a variety of academic, hospital-employed, and private practice 

environments in both urban and rural settings.

Participants

The initial cohort was obtained using the International Classification of Disease-9 code 

(ICD-9 code) for periprosthetic joint infection (996.66). As this diagnosis code can be used 

for different anatomic arthroplasty implants, TKA PJI was identified as the intersection of 

all patients in the medical system with the diagnosis code and a concurrent surgical 

procedure on the knee, as determined by the medical record. Further inclusion criteria 

included any patient who received a debridement with component retention and exchange of 

the polyethylene liner. Exclusion criteria included any patient that had a previous surgical 

procedure after receiving a TKA or who had a musculoskeletal oncologic disease[20]. 

Diagnosis of TKA PJI was determined by the surgeon and identified using the electronic 

medical record. Initially, a total of 798 cases of debridement with component retention in 

1,344 patients diagnosed with TKA PJI were identified in the electronic medical records. 

Laterality of the procedure was matched between surgical procedures. After applying the 

exclusion criteria of no previous TKA salvage procedures (e.g., two-stage revisions) or 

musculoskeletal oncologic diagnosis, there were 271 cases of debridement with component 

retention performed on 216 TKAs in 206 patients (10 bilateral). Musculoskeletal Infection 

Society (MSIS) Criteria [21] was used with modified minor criteria including synovial 

nucleated white blood cell count threshold of 2,500 cells/μL and a synovial 

polymorphonuclear percentage greater than 65% as a secondary analysis of infection status 

[11, 22, 23]. Any patient that did not meet this modified MSIS criteria was further excluded. 

Duration of follow-up was defined as the length of time between the initial debridement 

procedure and the last visit recorded in the medical system.

Description of Treatment

The treating surgeon directed diagnosis, surgery, and treatment; as a result, the 

characteristics of treatment varied across institutions. The initial infection was diagnosed 

with a variety of tools including erythrocyte sedimentation rate, C-reactive protein, synovial 

fluid analysis, cultures, intraoperative histologic sections and observation, in addition to 

experiential judgment of the surgeon. Although the observational period of our study began 

prior to the establishment of MSIS criteria, similar concepts were the basis for diagnosis in 
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the majority of cases. Given the retrospective design of our study, there was no standard 

surgical technique for irrigation and debridement or postoperative antibiotic regimen.

Outcome Measures, Data Sources, and Bias

Failure of debridement and component retention was identified as any further surgical 

procedure on the operative knee excluding manipulation under anesthesia, periprosthetic 

fracture, and extensor mechanism disruption. Time to failure was measured as the time 

period between the irrigation and debridement and next surgical procedure. Mortality was 

determined as reported inside the electronic medical record. Follow-up was measured as any 

outpatient visit registered inside the medical system.

Statistical Analysis

Demographic characteristics of our sample participants were analyzed using univariate 

descriptive statistics. Means and standard deviations were calculated for approximately 

normally distributed variables; medians and inter-quartile ranges (IQRs) were computed for 

continuous variables with skewed distributions. Frequencies and percentages were 

determined for categorical variables. Similar univariate techniques were used to characterize 

secondary outcomes such as follow-up, mortality and secondary surgical procedures.

Comorbid conditions of patients were identified using ICD-9 codes obtained from electronic 

medical billing records. The Charlson Comorbidity Index (CCMI) was calculated for each 

patient using the conventional method [24]. Weighted counts of a patient’s comorbid 

conditions were used in conjunction with the patient’s age to compute the widely-used 

combined comorbidity index.

To obtain the estimated treatment failure probability as a function of time and the median 

time to failure, a survival curve for I&Ds with a corresponding TKA PJI diagnosis was 

constructed. Failure and survival rates were estimated using the nonparametric Kaplan-

Meier product-limit method. As previously mentioned, survival times used in estimation 

were defined as the time lapse between the I&D procedure and the next surgical procedure 

performed on the knee. I&D cases in which patients continued in the study without any 

subsequent knee procedures, cases in which patients were lost to follow-up, and cases in 

which death occurred were right-censored. The complementary log-log transformation 

method was employed to obtain 95% point-wise confidence intervals for survival/failure 

rates.

Cox proportional hazards models were then constructed to identify significant predictors of 

treatment failure. Candidate variables included age, BMI, gender, CCMI, diabetes mellitus, 

rheumatoid arthritis, ASA score, host score, time period symptomatic and primary organism. 

First, unadjusted models were fit separately for each variable to determine significant 

univariate predictors of failure. Subsequently, a multivariable Cox model was constructed 

via forward selection of covariates with a p-value<0.10 criterion to enter the model; the 

model was then pruned such that only significant predictors with p-values<0.05 remained. 

Based on the model fit, a “best-case” scenario was identified by selecting values for these 

predictors that minimized the hazard of treatment failure, and an accompanying adjusted 
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survival curve was produced. All management of electronic medical record data and 

statistical analyses were performed using Stata Version 14.1 and SAS Version 9.4

Results

Demographics and Description of the Study Participants

Demographics of the sample patients are presented in Table 1. A total of 216 TKAs (10 

bilateral) in 206 patients were identified as meeting inclusion criteria. The mean age was 

65.9±12.2. The mean body mass index was 34.0±9.0. The median Charlson Comorbidity 

Index (CCMI) was 3.0 [IQR 2.0, 5.0]. The median length of stay was 6.5 [IQR 4.9, 10.6]. 

All patients met modified MSIS criteria. The proportion of individuals with diabetes 

mellitus was 12.6%, and the proportion of individuals with rheumatoid arthritis was 8.7%. 

Females accounted for the 44.7% of the sample participants. The median follow up time was 

31.5 months [IQR 14.4, 67.0]. Only 23 participants (11.2%) had a minimum follow-up of 

less than 6 months. Preoperative, surgical, and post-operative care was directed by and at the 

discretion of the patient’s medical team.

Treatment Failure

Failure of I&D with component retention was high and occurred primarily in the first year. 

The overall proportion of I&Ds that failed at any time point was 50.5%, and the long-run 

probability of treatment failure at 4 years was estimated to be 57.4% [95% CI: 50.0% to 

65.2%]. Failure rates at 1 month, 3 months, 6 months, 1 year, and 2 years from initial I&D 

were estimated (Table 2), and the failure rate was 53.2% [95% CI: 46.2% to 60.6%] at 2 

years. 89.9% of the failures occurred within the first year. The median survival time or time 

to failure was determined to be 13.32 months [95% CI: 7.59 to 49.28 months].

Surgical Outcomes After Initial Failed I&D

An analysis of secondary surgical procedures in the sample of failed I&D was performed. 

Additional I&D were common. After the initial I&D, 45.9% of TKAs had no further I&D 

and instead had some other type of more complex procedure. The remainder had additional 

I&D where 32.1% had one additional I&D and 22.0% had two or more additional I&Ds 

(Table 3). Ultimately, I&D was the final procedure performed in only 28.4% of the TKAs 

that had a failed I&D. There was a variety of other types of procedures performed as the 

final procedure. The most common procedure performed was two stage revision (54.1%), 

then amputation (11.1%), and fusion (6.4%; Table 4). Overall mortality was 23.8% (Table 

5).

Factors Predicting Failure

Cox proportional hazard regression analyses demonstrated that a number of factors predicted 

failure. Unadjusted analyses revealed that BMI, CCMI, cultured organism, and the time 

period symptomatic were significant univariate predictors of treatment failure (Table 6). 

Other factors, such as DM, ASA score, and the systemic host grade for the McPherson 

staging system were not. Multivariable analysis revealed that only cultured organism and 

duration of symptoms independently predicted failure (Table 6). The variable with the 

greatest influence on failure hazard was the time period symptomatic. The hazard of failure 
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for a patient with greater than 4 weeks of symptoms was 2.35 times the hazard for someone 

with less than one week of symptoms, after controlling for organism. In regards to organism, 

a culture negative infection had the largest hazard of failure, followed by an infection with S. 
aureus, after controlling for duration of symptoms. Other organisms had the lowest hazard of 

failure. The hazard of failure in a culture negative infection was 28% greater than the hazard 

in an S. aureus infection.

A separate analysis was completed on the possible role of time between index procedure to 

initial I&D and probability of failure. There were 112 patients were the time of index TKA 

procedure was known. In the remainder of these patients, the time of index procedure was 

not known secondary to the procedure being completed at an outside institution or as it 

occurred before introduction of an electronic medical record. In the vast majority of these 

cases, the time of index procedure was not known as it occurred significantly beyond one 

year from the initial index TKA. A univariate analysis was performed with time between 

index procedure and initial I&D considered as a continuous variable (p=0.56) and as a 

categorical variable (more or less than one year from index procedure; p=0.71). The hazard 

ratio between the groups more or less than one year from the index procedure was 0.94 

[95% CI: 0.77, 1.15]; (p=0.55). The time from the index procedure was not a significant 

variable in predicting I&D failure rates, both groups did equally poorly.

A survival curve was constructed to depict the probability of treatment failure as a function 

of time (Figure 1). Based on the results of multivariable analysis, a patient with less than one 

week of symptom duration and a non-S. aureus cultured organism is expected to have 

optimal treatment success. Defining the best-case, optimized scenario as less than one week 

of symptoms and a non-S. aureus organism, the probability of treatment failure decreased to 

39.6% [95% CI: 27.4%, 49.7%] as compared to the overall failure rate for all individuals of 

57.4% [95% CI: 50.0%, 65.2%] at 4 years (Figure 1A). The difference between the overall 

long term survival at 4 years in the best-case scenario as compared to all individuals was 

statistically significant as the confidence intervals did not overlap. In most cases, the 

organism is unknown at the time of surgery as multiple days are needed to obtain culture 

results. Defining the best-case, optimized scenario as only less than one week of symptoms 

and not including organism in the analysis, the probability of treatment failure decreased to 

46.8% [95% CI: 35.6%, 56.0%] as compared to the overall failure rate for all individuals of 

57.4% [95% CI: 50.0%, 65.2%] at 4 years (Figure 1B). When organism was excluded from 

the optimized analysis, there was no statistically significant difference between the overall 

and optimized scenario. Using established guidelines for comparing overlapping confidence 

intervals to determine statistically significant differences between outcomes [25], we 

conservatively compared 83% confidence intervals for the best-case scenario failure rate to 

the overall group failure rate and determined that the two failure probabilities are not 

statistically different at the Type I error rate of 0.05.

Discussion

There is a wide variation in reported failure rates for irrigation and debridement with 

component retention. Previous studies had limitations in design including single center 

retrospective designs, small sample sizes, and limited follow-up durations. In this 
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multicenter observational study design of 216 total knee arthroplasties with an extended 

follow up greater than 3 years, the overall proportion of failures as defined as additional 

surgical procedures after the initial debridement was 51%. The long-run probability of 

failure was estimated to be 61%, and 90% of the failures occurred in the first year. Multiple 

additional debridements were common, and 72% of all failures ultimately resulted in either a 

two-stage revision or a salvage procedure such as fusion or amputation.

As an observational study, there are a number of limitations. First, although a strength in 

most aspects, the multicenter study design also introduced a weakness. Dependent on the 

medical record, surgical indications, and timing between symptomatic presentation and 

debridement was determined by the surgeon. We attempted to account for this by excluding 

patients that did not meet MSIS criteria. As the study included a variety of practice types, 

although we had access to inpatient medical records, we did not have access to all outpatient 

notes that would likely include more complete documentation. We were unable to assess the 

length and type of antibiotic therapy. This included the inability to assess if patients were on 

long-term suppressive antibiotic therapy. The choice of antibiotic selection was made by the 

infectious disease physician on the treating team, and all patients were discharged on 

intravenous antibiotic therapy, the current standard of care. From this perspective, our results 

represent an intention to treat analysis. A second limitation included the definition of failure 

of debridement. Failure was defined as any additional procedures on the extremity. This 

definition does not include people who went on to chronic suppression with antibiotics, and 

our study did not collect patient reported outcome measures. Considering chronically 

suppressed patients or patients with a low functional outcome score would possibly increase 

the overall failure rate. Moreover, any type of revision for reasons unrelated to the infection 

including periprosthetic infection or aseptic loosening would be misclassified as a failure. 

However, the majority of failures occurred in the first year. Revision for aseptic loosening 

within one year from infection would be unexpected. We did exclude revisions for reasons 

unlikely to be related to treatment failure including periprosthetic fracture and manipulation 

under anesthesia. As a result, these had a low influence on our overall failure rate.

Our primary study question focused on the rate and timing of failure of debridement with 

component retention in TKA PJI. There has been a large number of studies that focused on 

this question in the past. The largest study was a single center retrospective design with a 

failure rate of 48% with a study size of 247 patients followed for a mean of 2.8 years [11].

A meta-analysis with a total study size of 530 patients quantified the failure rate using a 

number of variations based on the time to following revision as 68% [14]. The study was 

well designed but was completed a decade prior to the MSIS definition of PJI, which could 

possibly date results. Fehring et al. summarized a number of observational studies [9]. The 

total number of patients across all 13 studies was 1,403 patients, and the average failure rate 

was approximately 68%. Our results are comparable with an estimated probability of failure 

at 57%. Taken as a whole, our results are in agreement with previous literature that suggests 

the failure rate of debridement with component retention in TKA PJI is high. Using 

multivariable analysis to optimize patient selection, in a best-case scenario the estimated 

treatment failure probability was 40%, and statistically different from the overall rate of 

failure. If type of organism is excluded from the analysis, as this information is typically 
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unknown at the time of surgery, the optimized estimated treatment failure is 47% and not 

statistically different from the overall failure rate.

We next questioned the ultimate outcome in these failures. Comparing PJI cases to aseptic 

revisions, two different studies noted mortality was at 18% at 4 years and 25% at 5 years 

[26, 27]. Overall mortality in our study was 24%. These previous studies measured mortality 

in all cases of PJI including more extensive two-stage revision procedures. We had a similar 

level of mortality with patients undergoing an I&D. A previous hypothesis of these studies 

included that mortality was increased from the morbidity of the procedure, especially with a 

two-stage. Even with I&D alone, mortality with PJI TKA remains surprisingly high 

suggesting the patient’s physiologic capacity may play a more substantial role than 

morbidity associated with a surgical procedure.

The failure group was followed to see the final outcomes of the secondary procedure. 

Multiple I&D procedures were common. Ultimately, the final procedure in 72% of cases 

was some type of salvage procedure such as a two-stage, amputation, of fusion. This would 

suggest that, in the setting of an initially failed debridement with component retention, 

continued I&D have questionable utility.

Factors that predicted treatment outcomes in a best-case scenario were identified. We 

anticipated that typical factors that could quantify overall individual health would predict 

I&D failure. When adjusted, these factors, such as DM, RA, ASA score, and McPherson 

host grade, did not predict failure. These results are in agreement with other studies 

demonstrating DM and ASA do not predict I&D failure rates [4, 11]. The time of the index 

TKA procedure was not a significant variable in predicting I&D failure rates. These results 

are not surprising. Fehring et al. completed a study focused entirely on early post-operative 

TKA PJI, and report an I&D failure rate of 63% [9]. In our study, we report a failure rate of 

57%. These numbers are essentially identical. PJI diagnosed within one year from initial 

index procedure is likely related to the initial procedure and should be considered a chronic 

infection after more than 30 days from the index procedure. Interestingly, this group had a 

comparable high rate of failure as I&D after one year when the symptoms had been present 

for more than one week. Across multiple studies, the largest most consistent predictor of 

failure is duration of symptoms. Our results agree with a series of studies that note a large 

increase in failure rate in symptoms present for more than one week [4, 11]. This questions 

the utility of using the historical threshold of one month as a defining point of an acute 

verses chronic infection.

The host grade for the McPherson staging system did not predict I&D failure. The 

McPherson staging system has three components including infection type (acute vs chronic), 

systemic host grade, and local extremity grade [28]. Our results agreed with duration of 

symptoms. We did not assess local extremity grading as we did not have direct observation 

at the time. The lack of correlation on the second component of systemic host grade of the 

staging system does not negate the value of this system as it was originally designed to 

predict success from a two-stage revision scenario. It does highlight that a patient with a 

good host grade does not have an altered hazard of I&D failure as compared to a patient with 

a poor host grade.
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A variety of results have been reported regarding the association between treatment success 

and involved organism. Multiple studies have demonstrated that outcomes with S. aureus 

infections are poor as compared to streptococci or coagulase-negative staphylococci PJI [4, 

9, 11, 27]. Our results agree with these findings. Interestingly, we observed a higher hazard 

of failure when no organism could be identified. This is contrast to other studies that 

observed decreased I&D failure [11, 29] or no difference in infection control [30, 31]. An 

explanation for these observed differences include the possibility of sonication used for 

organism identification. Historically, culture negative results can be as high as 34% [32]. In 

our study, we observed a low incidence of culture negative cases likely as a result of 

implementing a sonication protocol. Our observed culture negative results are lower than 

these other studies and likely are not an equal comparison between groups.

In TKA PJI, I&D and component retention has a high failure rate. Although the literature 

has variations in reported failure rates, our results are in a similar range as a meta-analysis 

that combined multiple smaller studies at approximately 60%. When optimum conditions 

are selected, including less than one week of symptoms and a cultured organism that is not 

S. aureus, the predicted probability of failure improves to approximately 40%. Factors that 

would be suspected to predict I&D failure, such as BMI, CCMI, DM, or a poor host 

(McPherson host grade) did not predict I&D failure when adjusted. If the initial I&D fails, 

repeat I&D has a low likelihood of success. Together, these results suggest that I&D has a 

limited ability to control infection in TKA, the patient comorbidities we investigated did not 

predict I&D success, and I&D should be used selectively under optimum conditions.
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Figure 1. 
The overall vs optimized estimated survival probability of I&D in TKA PJI. The overall 

failure rate was 57.4%. (A) When the optimized case is defined as less than one week of 

symptoms and a non S. aureus cultured organism, the failure rate was 39.6%. The 95% 

confidence intervals of overall vs optimized survival probabilities do not overlap indicating a 

significant difference. (B) Typically, the organism is not known at the time of surgery. When 

the optimized case is defined as only less than one week of symptoms and organism is 

excluded, the failure rate was 46.8%. Confidence intervals of overall vs optimized survival 

probabilities do not sufficiently overlap, suggesting no difference in outcomes.
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Table 1

Patient demographic characteristics.

Demographic All patients (N=206)

Age, mean (SD) 65.9 (12.2)

BMI, mean (SD) 34.0 (9.0)

CCMI, median [IQR] 3.0 [2.0, 5.0]

LOS, median [IQR] 6.5 [4.9, 10.6]

DM, N (%) 26 (12.6)

RA, N(%) 18 (8.7)

Gender, N (%)

Male 114 (55.3)

Female 92 (44.7)
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Table 2

Cumulative failure rates for all cases of debridement with component retention.

Time (months) Failure Rate % (95% CI)

1 15.6 (11.3, 21.2)

3 27.6 (22.0, 34.3)

6 40.9 (34.5, 48.0)

12 49.3 (42.5, 56.5)

24 53.2 (46.2, 60.6)
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Table 3

Number of additional I&Ds after the initial failed debridement with component retention.

Number of Additional I&Ds N (%)

0 50 (45.9)

1 35 (32.1)

2 13 (11.9)

3 7 (6.4)

4+ 4 (3.7)
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Table 4

Frequency of final procedure in the initial group of failed irrigation and debridements with component 

retention.

Final Procedure: N (%)

I&D 31 (28.4)

Two-Stage Revision 59 (54.1)

Amputation 12 (11.1)

Fusion 7 (6.4)
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Table 5

Mortality in the initial group of failed irrigation and debridements with component retention.

Time (year) N (%) Mean (SD)

1 16 (7.8) 0.3 (0.3)

2 22 (10.7) 0.6 (0.6)

3 30 (14.6) 1.1 (0.9)

4 32 (15.5) 1.2 (1.0)

5 41 (19.9) 2.0 (1.7)

Overall 49 (23.8) 2.8 (2.4)
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TABLE 6

Predictors of treatment failure in univariable and multivariable Cox proportional hazards models

Unadjusted Adjusted

Covariate Hazard Ratio (95% CI) p-value Hazard Ratio (95% CI) p-value

Age 0.987 (0.972, 1.001) 0.0758

BMI 1.024 (1.004, 1.046) 0.0203

Gender 0.3385

 Male -reference level-

 Female 1.203 (0.824, 1.755)

CCMI 0.909 (0.837, 0.986) 0.0220

DM 0.942 (0.517, 1.718) 0.8458

RA 1.189 (0.637, 2.219) 0.5861

ASA Score 0.9255

 1 or 2 -reference level-

 3 1.028 (0.627, 1.684)

 4 1.116 (0.617, 2.017)

Host Score 0.4575

 A -reference level-

 B 1.141 (0.656, 1.984)

 C 1.530 (0.756, 3.097)

Days Symptomatic 0.0041 0.0021

 <1 week -reference level- -reference level-

 2–4 weeks 1.771 (1.151, 2.275) 1.680 (1.067, 2.645)

 >4 weeks 2.093 (1.276, 3.434) 2.345 (1.421, 3.871)

Primary Organism 0.0403 0.0207

 Staph Aureus -reference level- -reference level-

 Culture Negative 1.258 (0.570, 2.777) 1.282 (0.561, 2.929)

 Other 0.636 (0.429, 0.943) 0.595 (0.399, 0.889)
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