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	� THE INTERNATIONAL HIP SOCIETY

Intra-articular antibiotics
A DIRECT APPROACH TO THE TREATMENT OF INFECTED 
CEMENTLESS TOTAL HIP ARTHROPLASTY

Aims
The use of intra-articular antibiotics in the treatment of periprosthetic joint infection 
(PJI) can achieve a concentration which is sufficient to eradicate a biofilm. This may 
mitigate the need for removal of infected but well-fixed cementless components of a 
total hip arthroplasty (THA). However, the use of percutaneous catheters might lead to 
multiresistance or persistent multiorganism infections. The aim of this study was to report 
the results of a series in which an intra-articular antibiotic infusion was added to a single-
stage revision for infected cementless THAs.

Methods
A total of 18 patients underwent 18 single-stage revision THAs which were performed 
for acute (n = 9) or chronic (n = 9) PJI, following a primary (n = 12) or revision (n = 6) 
cementless THA. After an extensive debridement, modular components were replaced, 
but all well-fixed components were retained. Two Hickmann catheters were introduced 
into the joint space, through which intra-articular antibiotics were introduced for two 
weeks. Intravenous antibiotics were also administered during this time, followed by oral 
antibiotics until three months after surgery.

Results
At a mean follow-up of 5.4 years (3.3 to 7.19), all patients had a normal ESR and white 
blood cell count. The CRP remained slightly elevated in three patients, although they were 
pain-free and showed no signs of infection. No patient developed antibiotic-related renal or 
systemic dysfunction postoperatively.

Conclusion
We found that for the treatment of an infected cementless THA, retention of well-fixed 
components was feasible, with the addition of intra-articular antibiotics to a standard 
single-stage regime. None of the 18 patients had persistent infection or catheter-induced 
drug resistance, at a mean follow-up of 5.4 years.

Cite this article: Bone Joint J 2025;107-B(6 Supple B):3–8.

Introduction
Periprosthetic joint infection (PJI) can be a devas-
tating complication of total hip arthroplasty 
(THA), with an incidence of between 0.5% and 2% 
in primary THA and 15% of revision THAs.1,2 The 
most efficient treatment of a PJI remains contro-
versial.3,4 In general, three distinct strategies can 
be used: two-stage revision, single-stage revision 
(SSR), and debridement, antibiotics, and implant 
retention (DAIR).1 Of these, a two-stage revision 
using an antibiotic-loaded cement spacer remains 
the gold standard.5 However, the use of a cement 
spacer can require the removal of firmly fixed 

components with a risk of complications including 
dislocation, bone loss, fracture, failure to reim-
plant, recurrent infection, and mortality.6 Single-
stage revision is associated with lower morbidity, 
mortality, and costs.7-11 Rates of recurrent infec-
tion which are comparable to those of a two-stage 
revision have been reported in several studies, and 
single-stage revisions are increasingly being used 
in these patients.8,12-14 The DAIR procedure has the 
benefit of the retention of the components, but may 
be associated with a suboptimal eradication of the 
bacterial load and the biofilm, although it may be 
successful in patients with an acute infection.15–17
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The biofilm (glycocalyx) is considered to be the most crit-
ical factor influencing the treatment of PJI because of its micro-
environment on the surface of components acting as a barrier 
to the penetration of antibiotics.1 For certain bacterial species, 
the minimum biofilm eradication concentration (MBEC) of an 
antibiotic can be between 100 and 1,000 times higher than the 
minimal inhibitory concentration (MIC).18,19 The intravenous 
or oral administration of antibiotics cannot achieve these high 
concentrations without causing systemic toxicity.20,21 Antibiotic-
loaded cement spacers can reach the MBEC for only between 
24 and 48  hours.22,23 The repeated injection of high doses of 
antibiotics directly into the joint space has been shown to reach 
the MBEC for a prolonged period of time.20,21,24,25 This form of 
treatment may be used to treat methicillin-resistant Staphylo-
coccus aureus, methicillin-resistant Staphylococcus epidermis, 
and polybacterial PJI.26,27

The technique of single-stage revision with the addition of 
intra-articular antibiotics was first described for infected total 
knee arthroplasty (TKA),24,26–29 and subsequently for infected 
THA.30–33 Retention of well-fixed cementless components is 
reported in only one series including nine patients who under-
went revision THA for PJI.33 The intra-articular infusion of 
antibiotics was continued for six weeks postoperatively in the 
studies in which this technique has been reported.26–30,32–35

The aim of this study was to describe a series of patients 
with PJI following cementless THA, successfully treated using 
single-stage revision with retention of the implants and the 
intra-articular infusion of antibiotics for two weeks.

Methods
This single-centre retrospective study involved a series of PJIs 
of cementless THA presenting between May 2016 and March 
2021, with a minimum follow-up of three years. The study had 
ethical approval (CTU no. Z2021073), and the patients gave 
informed consent.

The diagnosis of PJI was based on the algorithm described by 
Parvizi et al36 and Shohat et al37 in 2018 and 2019, respectively. 
An aspiration of the joint was performed preoperatively. An acute 
PJI was defined as one presenting < six weeks postoperatively. 38

A total of 21 patients (21 THAs) were initially included. 
Exclusion criteria were those with a two-stage revision (n = 1), 
a total femoral prosthesis (n = 1), or > two previous revision 

THAs (n = 1). The definitive study therefore included 18 patients 
(18 THAs) who underwent a single-stage revision with addi-
tional intra-articular antibiotic infusion; nine had an acute-onset 
and nine had a late-onset (Figure  1). There were five female 
and 13 male patients. Their mean age was 61  years (SD 15) 
and the mean follow-up was 64.2 months (SD 16.9; 36 to 89). 
The mean BMI was 30.5 kg/m2 (SD 5.5). Ten patients, seven 
with acute-onset and three with late-onset PJI, were treated with 
a DAIR procedure and only modular (liner and head) compo-
nent exchange. In four patients, all late-onset PJI, the acetabular 
component was retained. The femoral component was retained 
in two patients. All the components were exchanged in two 
patients. A summary of the procedures and the associated anti-
biotic treatment is shown in Table I.

All operations were undertaken using the direct anterior 
approach.39 If deemed necessary, the approach was extended 
proximally or distally.40,41 Following capsulotomy, at least 
four tissue samples were obtained for microbiological exam-
ination. An extensive debridement of the joint space and 
surrounding infected soft-tissues was undertaken. In patients 
with bony ingrowth on preoperative radiological and stable 
macroscopic fixation during surgery, a DAIR procedure was 
undertaken. If either the acetabular and/or femoral compo-
nent showed signs of loosening, they were removed. The 
joint space, retained components, and bone were thoroughly 
irrigated with six  litres of saline (NaCl 0.9%) before closing 
the wound and starting a ‘clean phase’ with renewed draping, 
new instruments, and another irrigation with three  litres of 
saline. New cementless components were introduced and the 
hip was tested for stability. Two double lumen Hickmann cath-
eters were introduced percutaneously in a retrograde fashion, 
tunnelled through the muscle envelope over a distance of 
65 cm, with the tip projecting intra-articularly around the neck 
of the femoral component, as described by Whiteside and Roy.33 
One or two vacuum drains were also placed intra-articularly. 
A sterile bandage was applied to the wound and around the  
Hickmann catheters.

Intravenous antibiotic treatment was administered from 
the start of the ‘clean phase’, based on the sensitivities of the 
preoperative aspirate. In patients with a negative preoperative 
culture, vancomycin was used as the antibiotic of choice. Multi-
disciplinary follow-up included adjustment of the intravenous 

Acute onset (< six weeks) Late onset, well-fixed Late onset, loose

DAIR
Modular component exchange

(n = 8)

DAIR
Modular component exchange

(n = 2)

DAIR
Component revision

(femoral = 4; acetabular = 2;
all = 2)

18 PJI
(12 primary and 6 revision)

Fig. 1

Overview of the treatment of the patients. DAIR, debridement, antibiotics, and implant retention; PJI, periprosthetic joint infection.
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antibiotic treatment, as required. In-hospital treatment continued 
for two weeks, including mobilization fully weightbearing. The 
catheters and drains were then removed. Thrombophylaxis 
with low-molecular-weight-heparin continued for six weeks. 
The patients were discharged when there was no evidence of 
wound leakage. Oral antibiotics were continued until three 
months after surgery. The patients were reviewed clinically 
and biochemically at six and 12  weeks, and at six and 12  
months, postoperatively.

The additional intra-articular antibiotics, following a 
protocol, were administered twice a day. First, intra-articular 
fluid was aspirated through one catheter. Second, another lumen 
of the same catheter was flushed with 2.5 ml of heparin (dosage 
100  IU/ml) before and after the antibiotics were introduced. 
Antibiotics were added to 10 ml saline in the following dose: 
vancomycin 1,000 mg, clindamycin 600 mg, and flucloxacillin 
2,000 mg. In the next cycle, the other catheter with two lumens 
was used. Before the intra-articular administration of antibi-
otics, both vacuum drains (continuous suction) were closed, and 
opened again two hours later.

The clinical, surgical, biochemical, and electronic hospital 
records were screened. Clinical signs of infection such as 
wound drainage, local erythema or swelling, or systemic symp-
toms (fever, chills, and malaise) were evaluated.42 Inflamma-
tory parameters (CRP, white-blood cell count (WBC), ESR)) 
and kidney function (glomerular filtration ratio (GFR) and 
creatinine level) were recorded. The biochemical evaluation 
while the patients were in hospital included two to three blood 
samples being taken each week. Samples were also collected at 
six weeks, three months, and one year postoperatively. Radio-
logical signs of loosening were evaluated at a minimum of one-
year follow-up and at the final follow-up.43

Statistical analysis. Analyses were performed using SPSS v. 
27 (IBM, USA). Continuous variables were analyzed using 
descriptive statistics. Values were expressed using means and 
SD. We used a paired t-test for normal distributed data. A p-
value < 0.05 was considered significant.

Results
The clinical and biochemical results are shown in Table I. Imme-
diately postoperatively, all patients had increased inflammatory 
blood parameters due to the extensive surgery. At the end of the 
intra-articular antibiotic treatment, two weeks after surgery, all 
patients had normal WBC (6 to 11 × 109/l) and vastly improved 
CRP (normal < 5 mg/dl) and ESR (normal < 15 mm/hr) levels. 
The mean CRPs and ESRs decreased to 23.26  mg/dl (2.7 to 
57.8) and 49.47 mm/hr (17 to 115), respectively. Both further 
decreased.44 At the final follow-up at a mean of 64 months (36 
to 86), all patients had normal ESR and WBC levels.36 The CRP 
remained slightly elevated (6.4 to 12.3 mg/l) in three patients, 
although they were pain-free and showed no signs of infection. 
None of the patients developed a fistula.

Renal function was closely monitored during hospitaliza-
tion. The mean GFR was 81.12 ml/min (SD 14.35) preopera-
tively and 82.33 ml/min (SD 10.82; p = 0.555) at the time of 
discharge. The mean creatinine levels also remained unchanged 
(0.88 mg/dl (SD 0.22) vs 0.85 mg/dl (SD 0.24p = 0.288). In 
patients treated with vancomycin, the mean preoperative GFR 

(76.77  ml/min (SD 16.00)) and creatinine (0.95 mg/dl (SD 
0.193)) did not change significantly at 80.17 ml/min (SD 12.39) 
and 0.87  mg/dl (SD 0.193), respectively (p = 0.230 and p = 
0.283, respectively, both paired t-test). The patients stayed in 
hospital after surgery for a mean of 20 days (SD 5; 14 to 33) 
No patient had abnormal renal function at the time of discharge 
(Table  I). There were no radiological signs of loosening or 
subsidence at a mean follow-up of 27 months (16 to 59).

There were some minor adverse events relating to the intra-
articular infusion of antibiotics. All patients complained of 
mild pressure or tenderness in the groin during or immediately 
after the infusion. Drains, which were occluded, were removed 
in three patients; two developed a seroma which required 
drainage. There was no occlusion of the Hickmann catheters. 
Finally, after removal of the suction drains and Hickmann cath-
eters, the wounds drained for several days. Five patients expe-
rienced prolonged serosanguineous leakage from the surgical 
wound, but drainage was required in only two of them.

Discussion
At the final follow-up in this study, all 18 patients had normal 
ESRs and WBC levels.36,42 Three patients had a slightly elevated 
CRP level (> 5 mg/dl). The optimal threshold for the CRP in 
the diagnosis of a chronic PJI after THA is 13.5 mg/l. Thus, no 
patient had a suspiciously elevated CRP level at this time.45 The 
presence of one minor criterion is also not sufficient to diagnose 
PJI.36,42 Thus, in the absence of any clinical suspicion, we do not 
consider this finding reflected residual infection.

We found that the retention of well-fixed components was 
feasible in the surgical management of an infected cement-
less THA, with the addition of intra-articular antibiotics to 
a routine single-stage revision without causing systemic 
impairment, catheter occlusion, or catheter-induced further 
infection. However, there were complications as all patients 
had discomfort in the groin during intra-articular infusion, 
two required drainage of a seroma, and five had persistent  
wound drainage.

Whiteside and Roy33 reported comparable results in nine 
patients with an infected cementless THA, which was treated 
with DAIR and remained free of signs of infection at a mean 
follow-up of 74 months (62 to 121). However, intra-articular 
antibiotic infusion was continued for six weeks in total and 
during this time the intra-articular dose of antibiotic was grad-
ually increased. The patients also had some concomitant intra-
venous treatment during the first days until target serum levels 
were achieved; it was then discontinued. A similar outcome 
was achieved by our protocol with only two weeks of combined 
intra-articular and intravenous antibiotic administration. Oral 
antibiotics were subsequently continued because the Oral versus 
Intravenous Antibiotics (OVIVA) trial clearly demonstrated that 
oral antibiotic treatment was not inferior to intravenous antibi-
otic therapy when used during the first six weeks for complex 
orthopaedic infections.46 The use of our protocol reduced the 
need for hospitalization, and might improve patient satisfaction 
and cost-effectiveness in these patients. To our knowledge, this 
is only the second series investigating additional intra-articular 
antibiotic infusion in the treatment of an infected cementless 
THA, and it had twice the number of cases.
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Ji et al32 reported a series of 104 infected THAs treated with 
combined intra-articular and intravenous antibiotic infusion for 
a mean of 16 days postoperatively, with oral antibiotics for a 
further mean of 12 weeks. Infection control was achieved for 
98 patients (94%). However, the authors consistently performed 
revision of all components and did not specify whether the 
initial implants were cementless or not. While they discussed 
the beneficial effects of intra-articular antibiotics in single-stage 
revision with full revision of components, the harm of removing 
well-fixed components may be avoided if intra-articular anti-
biotics achieve MBEC.32 We were able to retain well-fixed 
components and achieve infection control in all our patients.

Vancomycin was the most frequently used antibiotic for both 
intra-articular and intravenous treatment. Its potential nephro-
toxic effect is well known.47 We, however, found no significant 
decrease in renal function in any patient, and we believe that the 
combined administration of intra-articular and intravenous anti-
biotics under these circumstances is safe. Besides vancomycin, 
clindamycin and (in one patient) flucloxacillin were infused 
directly in the joint, suggesting that intra-articular antibiotic 
infusion does not need to be limited to glycopeptides. Although 
it is well known that glycopeptides penetrate the glycocalyx 
best, antibiotics to which the patients’ organism is sensitive  
are preferred.

This study had limitations. First, it was a small case series. 
However, previous studies describing additional intra-articular 
antibiotics were also case series with a similar number of 
patients. Studies with larger sample-sizes are often character-
ized by heterogeneity. Second, we did not examine the aspi-
rate from the Hickmann catheters. However, there is already 
evidence that a MBEC may be achieved by the intra-articular 
delivery of antibiotics.34 Nevertheless, an extensive debride-
ment of the joint space and surrounding soft-tissues is essential. 
We also only included THAs with a bone-implant interface, 
and our findings cannot be generalized to cemented THAs. 
Lastly, the eradication of PJI was based on clinical, biochem-
ical, and radiological findings. Additional joint aspiration with 
fluid culture and alpha-defensin determination would require 
extensive further invasive investigations and was not collected. 
However, these results could encourage a randomized control 
trial to confirm the findings. Larger studies could assess this 
technique better and allow prospective comparisons to be made 
with more traditional single- and two-stage revision techniques 
for the treatment of infected THAs. These will probably require 
multi-institutional approaches.

In summary, the successful treatment of an infected cement-
less THA, with retention of well-fixed components, seems 
feasible using a single-stage revision with the addition of 
intra-articular antibiotic infusion. None of the 18 patients had 
persistent infection or catheter-induced drug resistance at a 
mean follow-up of 5.4 years.

‍ ‍Take home message
  - Succesful treatment of an infected cementless total hip 

arthroplasty, with retention of well-fixed components, seems 
feasible using a single-stage revision with the addition of an 

intra-articular antibiotic infusion.
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