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Abstract 

Background: Debridement, antibiotics and implant retention (DAIR) forms the primary treatment 
modality for early prosthetic joint infection (PJI). The KLIC score has been proposed as a risk 
stratification tool for use in predicting outcome of prosthetic knee infections. Our aim was to determine 
the accuracy of this scoring system at an independent tertiary PJI centre in a typical DAIR population.  
Methods: Between 2008 and 2015, patients with infected knee prostheses treated with DAIR were 
identified. The patient notes and blood tests were reviewed retrospectively and the ‘KLIC-score’ was 
calculated and correlated with outcome. The end point for early failure was defined as: 1) the need for 
unscheduled surgery, 2) infection-related death ≤12 months from debridement or 3) the need for 
suppressive antibiotic treatment.  
Results: 59 patients received DAIR procedures for knee PJI. Treatment was successful in 41 patients 
(69%) with early failure in 18 patients (31%). Patients deemed high-risk (KLIC-score ≥7) had notably 
higher failure rates (60%) than those scoring <7 (28%). No relationship can be drawn between 
KLIC-scores of <7 and failure rates.  
Conclusions: The KLIC-score applied retrospectively was able to predict patients with the highest risk 
of early failure but provides little information in patients with scores of <7. 
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Introduction 
In 2015/16, 104,695 knee arthroplasty operations 

were performed in the UK (1). Whilst only a minority 
of joints become infected, prosthetic joint infection 
(PJI) is a potentially devastating complication, 
occurring in 0.6% of patients undergoing total knee 
arthroplasty (TKA) (2). Infection is the second most 
common cause for arthroplasty revision (2). TKA 
numbers are increasing annually, with a predicted 
rise of 673% in TKA demand in the United States by 
2030 (3), and the burden of PJI will rise accordingly. 
The treatment of PJI requires infection eradication to 
enable the patient to retain walking ability and 
optimal knee function. 

Treatment options for PJI include antibiotic 
suppression, arthroplasty resection, one or two-stage 
revision arthroplasty, arthrodesis, amputation, and 
attempts at implant retention. The ability to treat PJI 
with debridement, antibiotics, and implant retention 
(DAIR) is an attractive proposition for a number of 
reasons. It is a single operation, which negates the 
need for the patient to undergo a staged procedure, if 
successful is a less expensive treatment than a 
two-staged procedure, and is associated with a 
shorter period of disability. DAIR is indicated in early 
post-operative infections, considered to be within 3 
months of index procedure and symptom duration of 
less than 3 weeks. Some centres have extended the 
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indications for DAIR for any well fixed, well-aligned 
knee with acute infection, irrespective of timing from 
index surgery (4). 

Contraindications to DAIR include the presence 
of a sinus tract, inability to close the wound and a 
loose prosthesis (5). Two-staged arthroplasty revision 
remains the gold-standard treatment with success 
rates of over 80% (6-8). PJI treatment with DAIR has 
shown variable success rates, ranging from 32 - 100%, 
with improved results associated with select patient 
groups (4, 9-14). The ability to accurately predict poor 
outcome and identify such patients would be a useful 
tool in avoiding unsuccessful procedures in an 
attempt to combat PJI. In addition this would avoid 
the financial burden of procedure which is likely to 
fail and require 1 or 2 stage revision TKA. 

A scoring system developed by Tornero et al. 
identified various factors that could be used to predict 
the outcome of DAIR in PJI following hip or knee 
arthroplasties (15). The KLIC-score (ranging from 0 to 
9.5), takes into account patient kidney function, liver 
function, index surgery, cemented prosthesis and 
c-reactive protein (CRP) value (Table 1). It has not yet 
been validated in other patient populations or in other 
units that perform DAIR procedures to treat PJI. The 
aim of this study was to determine the accuracy of this 
scoring system for use in predicting outcome in 
prosthetic knee infections for our patient population. 

 

Table 1: KLIC-score, as described by Tornero et al. 

Variable  Score 
K Chronic Renal Failure (Kidney) 2 
L Liver Failure 1.5 
I Index surgery = 

Revision surgery 
or prosthesis to treat femoral neck fracture 

1.5 

C Cemented prosthesis 2 
C C-reactive protein (CRP > 115 mg/L) 2.5 
 Total 9.5 

 

Patients and Methods 
This retrospective cohort study was undertaken 

at a combined microbiology and orthopaedic regional 
tertiary referral centre for PJI. All PJI patients are 
managed through a combined multidisciplinary PJI 
clinic service. Patients who had a DAIR procedure 
between June 2008 and September 2015 were 
identified from a prospectively collected PJI database.  

Inclusion criterion was any patient with an 
infected knee prosthesis treated with DAIR at our 
institution in the given time period. Infection was 
defined as per international consensus definition 
(2014) as two positive periprosthetic cultures with 
phenotypically identical organisms, or a sinus tract 
communicating with the joint, or three of the following 
criteria: elevated CRP and ESR, elevated WBC or positive 

change on leukocyte esterase strip, elevated synovial fluid 
polymorph count (not available in our unit as an absolute 
value), a single positive culture or positive histological 
analysis of periprosthetic tissue (5). This definition was 
the most up to date and was therefore chosen. It 
differs from that used by Tornero et al. in that to 
diagnose PJI, three rather than four of the criteria 
described are required. This had no effect on the 
number of patients included. We considered 
pre-operative cultures only, as this is the information 
available at the time the KLIC-score is intended to be 
used. There were no exclusions as this represents a 
consecutive series of patients. The rationale for these 
criteria was to assess the KLIC score in a typical DAIR 
population and not confine it only to early acute 
infections. Online patient records, including 
microbiology results and pathology blood test results, 
were used to retrospectively assign a KLIC-score, 
using the most recent pre-operative data, to each 
patient that received a DAIR procedure and 
correlated with outcome. All patients had sufficient 
information available to calculate the KLIC-score. The 
primary outcome measure was early success of the 
DAIR procedure, defined as no end points for early 
failure within the first 12 months. The end point for 
early failure was defined as: 1) the need for 
unscheduled surgery within the first 12 months, 2) 
death related to infection within the first 12 months or 
3) the need for long-term suppressive antibiotic 
treatment in patients unsuitable for further surgery.  

Organism identification and standard 
treatment 

Pre-operative aspiration was undertaken 
immediately on presentation and samples of fluid or 
tissue submitted for microscopy and culture 
according to standard procedure. Enrichment cultures 
were incubated for 5 days, susceptibilities were 
performed according to the British Society for 
Antimicrobial Chemotherapy (BSAC) methodology 
(16). 48-72 hours were waited to obtain results from 
early initial culture. The DAIR was not delayed until 
time of enrichment culture in view of the acute need 
to proceed with surgery. If however an early 
microbiology result was available targeted 
intraarticular antibiotics would be used mixed into 
calcium sulphate delivery pellets. 

Following DAIR, standard treatment was to 
initiate intravenous vancomycin and oral rifampicin 
pending culture results unless Gram negative 
organism had been cultured at aspiration, in which 
case empirical antibiotics were modified accordingly. 
Antibiotics treatment was rationalized when 
enrichment culture results became available. A 
standard approach would be approximately 5-10 days 
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of intravenous therapy followed by approximately 5-6 
months or oral antibiotics, but varied according to 
patient factors and progress. 

Online pathology records and outpatient clinic 
letters were used to determine whether the 
aetiological organism was known prior to the DAIR 
procedure. 

Statistical analysis 
Logistic regression analysis was performed with 

duration of symptoms, time from index procedure, 
microorganism identified and the components of the 
KLIC-score as co-factors. The differences between the 
individual KLIC-score groups were performed using 
a Mann-Whitney test and Kruskal-Wallis test. A 
p-value < 0.05 was considered to be statistically 
significant. All statistical analyses were performed 
using SPSS 23 (IBM Corp, Armonk, New York). 

Results 
A total of 59 patients were identified who met 

the inclusion criterion, receiving DAIR procedures for 
prosthetic knee infections. The median age was 71 
(IQR 17) for the male patients (n=34) and 73 (IQR 10) 
for the female patients (n=25). The median duration of 
follow up was 2.25 years (IQR 1.58) with a minimum 
follow up of 12 months. The original joint arthroplasty 
type was TKA in 55 patients (93%), unicompartmental 
knee arthroplasty (UKA) in 2 patients (3%) and 
patellofemoral joint replacement (PFJR) in 2 patients 
(3%). The median time from index procedure to DAIR 
was 7 months (IQR 27), ranging from 11 days to 10.5 
years. The median duration of symptoms prior to 
DAIR procedure was 6 days (IQR 10). In four cases, 
the duration of symptoms prior to DAIR was >60 
days, and in one case >200 days. In the latter, a DAIR 
was performed following a period of acute worsening 
of chronic infective symptoms, which had previously 
almost completely subsided. However in these five 
cases, which did not meet accepted duration for DAIR 
procedure, four failed early. Additionally as would be 
expected, in early infections (symptom duration <3 
weeks) failure rate was less than that seen in 
late-acute infections (>3 months from index 
procedure), 19% (mean KLIC 4.5) and 28% (mean 
KLIC 5.5) respectively. 

In total there were 41 patients (69%) in whom the 
DAIR procedure was defined as successful, with early 
failure in 18 patients (31%) (Table 2). Interestingly in 
this series all patients that failed DAIR had done so 
within 60 days from procedure with no further 
failures out to a median follow up of 1.25 years. 
Patients in the ‘high risk’ KLIC group (≥7 points) had 
a failure rate of 60%. Patients in the ‘low risk’ KLIC 
group (≤2 points) had a failure rate of 33%. 

Table 2: KLIC-score result and treatment outcomes 

KLIC-score Group size Failure No. Failure rate (%) Success rate (%) 
≤2 12 4 33% 67% 
2.5-3.5 7 2 29% 72% 
4-5 19 4 21% 79% 
5.5-6.5 16 5 31% 69% 
≥7 5 3 60% 40% 
TOTALS 59 18 31% 69% 

 
In 53 cases (90%), the aetiological microorganism 

had been identified prior to debridement. The 
remaining 6 (10%) cases underwent DAIR procedure 
without an identifiable organism. The vast majority of 
patients (85%) grew the same microorganism from 
samples prior to and during the DAIR procedure. In 4 
cases, gram-negative organisms were isolated, much 
fewer than in the original paper. Gram-positive 
organisms were isolated in 43 cases. Staphylococcus 
species was isolated in 33 joints and streptococcus 
species in 13 joints (6.8%). Four cases were treated as 
polymicrobial, ie >1 organism cultured and 
considered significant (17). Among the patients where 
an organism was identified, the most commonly 
isolated organism was Staphylococcus aureus (SA) 
(n=21), one case was polymicrobial. The second most 
frequently isolated organism was coagulase-negative 
staphylococcus (CoNS) (n=12), one case was 
polymicrobial. Staphylococcal PJI had an overall failure 
rate of 25% (n=8). Individual staphylococcal species had 
varied results, the highest failure rate was seen in SA 
infections of 35% (n=7). CoNS infections had a much 
lower failure rate of 9% (n=1). Streptococcal infections 
had an overall failure rate of 23% (n=3), with each of 
these failures observed in patients with Group G 
beta-haemolytic Streptococcal infection. Other 
microorganisms were isolated in 7 patients, including 
Enterobacter cloacae (n=1), Enterococcus faecalis (n=1), 
Escherichia coli (n=2), Citrobacter species (n=2) and 
Pseudomonas aeruginosa (n=1). 

Interestingly, exclusion of the patients in whom 
cultures were negative or not attempted prior to 
performing a DAIR procedure appears to enhance the 
scores reliability and sensitivity in identifying the 
highest and lowest risk patient groups. We will 
consider further evaluation of this modification.  

Statistical analysis 
There was no significant statistical difference 

between the various KLIC-score groups (p=0.77, Chi 
Squared). Comparing the outcome of the patients 
with a KLIC-score ≥7 with those <7 again showed no 
significant statistical difference (p=0.24, Chi Squared). 
No other factors including duration of symptoms 
prior to DAIR were found to have a significant 
difference on outcome. p=0.14-0.61). If only culture 
positive cases were included in analysis then the KLIC 
score became more sensitive with failures in 75% of 
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cases with a score ≥7 and a statistically significant 
difference between outcomes for patients with a KLIC 
score ≥7 and <7 (p=0.032, Chi Squared Test). 

Discussion 
PJI following knee arthroplasty poses a 

significant problem to both patients and surgeons. 
The ability to predict outcome of DAIR procedures 
would be a valuable tool in targeting treatment in 
susceptible patients. This study has demonstrated the 
KLIC-score, as devised by Tornero et al. is able to 
detect the group of patients with the highest rate of 
early failure (score ≥7 points) following DAIR, in 
patients with infected knee prosthesis, when applied 
retrospectively. However, there was no correlation 
between low scores and treatment outcome. As such, 
the KLIC-score as a tool for predicting DAIR outcome 
is useful in predicting early failure, but only in 
patients that score very highly. In our cohort, 18 (31%) 
cases experienced early failure post DAIR; including 
one case undergoing DAIR > 200 days post diagnosis 
of infection, an overall success rate of 69%. This 
success rate is comparable with the rates described by 
other units, ranging from 32-100% (4, 9-14). One-stage 
revision success rates have been reported as high as 
86% (9). However, in a study conducted on over 
16,600 TKA PJI, one-stage revisions had a reported 
risk of re-infection one-third greater than two-stage 
procedures (6). Two-stage procedures have proved to 
be the most successful at infection eradication (18, 19), 
but have the disadvantages of increased expense, 
multiple operations and a prolonged duration of 
reduced mobility. In addition, when used as a final 
attempt at infection eradication post a failed DAIR 
procedure, this has proved less effective in some 
studies (20). The less invasive and less expensive 
option of performing DAIR is an attractive 
proposition, when considered likely to be successful. 

Risk factors for treatment failure are well 
described in the current literature and fall into 
host-related, bacterial-related and treatment-related 
groups (Table 3). Such factors include: sinus tract at 
time of DAIR (12, 21), long duration of symptoms 
prior to debridement (12, 22, 23) and infection with 
Staphylococcus aureus (4, 12, 23, 24, 25). Kuiper et al. 
reported high failure rates associated with 
rheumatoid arthritis, late infection (>2 years after 
arthroplasty), ESR above 60mm/h at presentation and 
CoNS infection (10). In contrast, in this study 
CoNS-associated PJI had a high success rate of 91%, 
comparable to the rates described by Peel et al. (26), 
but this may reflect the strain variability and 
susceptibility profile of organisms at different 
institutions. Importantly, there is variation in 
treatments and definitions of success and failure 

between the studies (Table 3) correlation between the 
risk factors described should take this into account. 

Factors most commonly associated with 
treatment failure differ from one unit to another. 
Identification of the presence of such factors by 
surgeons is important in minimising treatment 
failure. This may be as a result of opting for 
alternative treatments/procedures in high risk 
patients or by targeted patient optimisation 
pre-operatively. A predictor tool must take this into 
account so that it may prove reliable across different 
patient populations. 

In general, most studies describe a collection of 
statistically significant factors associated with 
negative or positive outcome post DAIR. Besides the 
KLIC-score, there is only one other similar predictive 
tool in the current literature. Buller et al. describe a 
nomogram for prediction of treatment success 
pre-operatively which contains 17 factors (27). This 
nomogram does not exclude patients with negative 
cultures pre-operatively, a situation that is not 
uncommonly seen. Both the KLIC-score and the 
nomogram described by Buller et al. are designed on 
data from hip and knee arthroplasty infections. 

This study suggests that the KLIC-score is not 
useful at distinguishing between higher and lower 
risk patients when scoring <7 points. It is not possible 
to further stratify score below 7, although all such 
groups are at an overall lower risk of failure (21-33%). 
Scoring ≥7 points on the KLIC-score equates to a high 
risk of failure (60%). In the latter patient group, the 
tool may therefore be useful in identifying patients at 
higher risk of failure. In such patients, surgeons may 
instead opt for a two-staged revision based on this 
information or be able to discuss the higher risk of 
failure with the patient.  

This study has some limitations. As above, our 
study was retrospective and some data was not 
available. As a tertiary referral centre, a proportion of 
our patients may have received variable initial 
investigations and management at other centres 
which affect diagnosis and outcome. This however is 
the nature of PJI management and increasingly care is 
moving towards a model whereby PJI care is 
coordinated from a regional centre. The study is also 
limited by the small number of patients scoring ≥7. 
This is partly due to the parameters of the scoring 
system, and the original use in both hip and knee 
arthroplasty. In two cases the exact date of the index 
procedure was unknown but the month and year or 
sometimes only year was recorded. In five cases the 
date of symptom onset was unknown. Finally, in six 
cases the infecting organism was unknown. 
Comparatively, in the original study all patients were 
reported to have positive cultures. 
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Table 3: Summary of risk factors associated with failure after DAIR in the current literature 

 
 

Conclusions 
A reliable outcome predictor tool would be of 

huge benefit in terms of morbidity and cost reduction 
when treating PJI. High failure rates have been 
associated with DAIR in the literature and there is 
concern that a failed DAIR has a negative impact on 
the success of salvage two-staged procedures 
thereafter. As such, identifying patients with high 
chance of a successful treatment outcome and 
importantly those much less likely to have a 
successful outcome, would provide a significant 
advantage to patient, surgeon and health economy. 
Use of the KLIC-score in our cohort of patients has 
shown it to be useful in predicting poor outcome in 
those that scored ≥7 points, the group with the highest 
failure rate.  

Further investigation of the modification of the 
score may improve it’s reliability and use in this 
patient cohort.  
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