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m HIP

Debridement and implant retention in the
management of hip periprosthetic joint infection
OUTCOMES FOLLOWING GUIDED AND RAPID TREATMENT AT A

SINGLE CENTRE

Aims

To analyse the effectiveness of debridement and implant retention (DAIR) in patients with
hip periprosthetic joint infection (PJI) and the relationship to patient characteristics. The
outcome was evaluated in hips with confirmed PJI and a follow-up of not less than two

years.

Patients and Methods

Patients in whom DAIR was performed were identified from our hip arthroplasty register
(between 2004 and 2013). Adherence to criteria for DAIR was assessed according to a

previously published algorithm.

Results

DAIR was performed as part of a curative procedure in 46 hips in 42 patients. The mean age
was 73.2 years (44.6 to 87.7), including 20 women and 22 men. In 34 hips in 32 patients
(73.9%), PJI was confirmed. In 12 hips, the criteria for PJI were not fulfilled and antibiotics
stopped. In 41 (89.1%) of all hips and in 32 (94.1%) of the confirmed PJls, all criteria for DAIR
were fulfilled. In patients with exogenous PJI, DAIR was performed not more than three
days after referral. In haematogenous infections, the duration of symptoms did not exceed
21 days. In 28 hips, a single debridement and in six hips two surgical debridements were
required. In 28 (87.5%) of 32 patients, the total treatment duration was three months. Failure
was noted in three hips (9%). Long-term follow-up results (mean 4.0 years, 1.4 to 10) were
available in 30 of 34 (88.2%) confirmed PJls. The overall successful outcome rate was 91% in
34 hips, and 90% in 30 hips with long-term follow-up results.

Conclusion

Prompt surgical treatment with DAIR, following strict diagnostic and therapeutic criteria, in
patients with suspected periprosthetic joint infection, can lead to high rates of success in

eradicating the infection.
Cite this article: Bone Joint J 2017;99-B:330-6.

Periprosthetic joint infection (PJI) is a major
complication following total joint arthro-
plasty. The therapeutic options for treatment
and management can be challenging and out-
comes may be uncertain. Surgical treatment is
usually required and three different options are
considered: debridement and implant retention
(DAIR), one-stage or two-stage exchange
arthroplasty. The published success rates of
DAIR procedures range from 16% to 88%.!"
This wide range of outcomes may be due to the
selection criteria used. Prognostically favoura-
ble criteria include: acute infection (less than
three-week duration of infective symptoms or
within one month of arthroplasty implanta-
tion), a stable implant, a pathogen susceptible
to a ‘biofilm-active’ antimicrobial agent and no
sinus tract communicating with the joint, and

no periprosthetic abscess.*’ In our institution,
we differentiate between attempts at eradicat-
ing infection completely and attempts at con-
trolling or suppressing infection when DAIR is
performed. For a curative approach, patients
must fulfil all four criteria for a DAIR proce-
dure to be performed. Following surgery, anti-
biotic treatment continues for a defined period
and longer-term monitoring of outcomes is
undertaken. We have investigated the effective-
ness of DAIR procedures, as the definitive sur-
gical treatment for periprosthetic infection in
hip arthroplasty, in our unit, where the pri-
mary aim was eradication of infection.

Patients and Methods
Patients who underwent DAIR procedures for
suspected PJI were identified from our pro-
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2004 to 2013
49 DAIRs for suspected PJI

3 DAIRs

no curative intention

46 DAIRs with
curative intention

28 episodes with suspected
exogenous infection

18 episodes with suspected
haematogenous infection

[
[ 1

PJI excluded PJI confirmed PJI confirmed PJI excluded
8 episodes 20 episodes 14 episodes 4 episodes
I 1 death due to sepsis
Antibiotics Antibiotics
3 mths 3 mths
Lost to follow-up Lost to follow-up
2 episodes Follow-up 1 episode
>2vyrs
18 episodes ‘ ‘ 12 episodes*
Fig 1

Flowchart showing the grouping of the periprosthetic joint infections (PJI) for treatment analyses and their fol-
low-up period for outcome analyses. (‘One patient died 1.4 years after debridement and implant retention (DAIR)
from non-infected causes. He was classified as ‘probably cured’, and in this study was added to the cure group.)

spectively collected hip arthroplasty database, for the
period between 1 January 2004 and 31 December 2013.
From the surgical findings, the microbiological and histo-
logical results, each suspected episode of infection was cat-
egorised in either “PJI confirmed” or “PJI excluded”
(Fig. 1). An infective episode was defined as PJI in one hip.
Thus, a single patient could have multiple infections, if they
occurred in both hips, or if an episode re-occurred after a
previous infected episode which had been previously classi-
fied as eradicated.

The diagnosis of PJI was made by an interdisciplinary
team using a standardised protocol of investigation, includ-
ing microbiology and histopathology results, as described
previously from our institution.® No intra-operative rapid
tests (e.g. alpha defensin test, frozen section for histology)
were used. Infections were classified as exogenous or haem-
atogenous PJI. Exogenous (early post-operative) cases
included: diagnosis within three months of hip arthro-
plasty, with clinical findings consistent with surgical site
infection, no other identifiable source of infection and no
other features in the patient’s history to suggest haematog-
enous spread.” A diagnosis of haematogenous PJI was made
when there was an acute onset of symptoms (e.g. pain,
fever, chills) with or without an obvious distant primary
focus of infection, in a patient with an uneventful post-
operative follow-up without any intervening symptoms. In
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addition, cases occurring without any previous symptoms
for two or more years after hip arthroplasty were also con-
sidered haematogenous.” If categorisation was not possible
despite a detailed review of the patient’s history, the mode
of infection was classified as undetermined.

All surgical procedures were performed, or supervised,
by consultants working within the Interdisciplinary Unit
for Orthopaedic Infections and the hip surgery team at our
institution. Specimens for microbiology and histopathology
were obtained prior to administration of antibiotics. We
applied the following standard protocol for open debride-
ment: as a first step, radical capsular excision of all poten-
tially infected tissues, including heterotopic bone, was
performed. Wound irrigation with 3 L to 5 L Lavasept
(polyhexanid) (B. Braun Medical, Sempach, Switzerland)
using a bulb-syringe was performed. Wound drainage was
routinely undertaken and removed 48 to 72 hours after sur-
gery. The decision to retain or exchange modular compo-
nents was made intra-operatively by the treating surgeon.
The femoral head was only retained if head removal would
have caused significant damage to the trunnion, or to the
adjacent soft tissue and muscles. Liners were exchanged in
modular uncemented acetabular components.

Empirical intravenous antibiotic treatment was initiated
after obtaining specimens for microbiological analysis and
treatment adjusted after the causative organisms and
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Table I. Patient characteristics and comorbid conditions in patients in whom debridement and implant retention with an aim of cure was applied

between 2004 and 2013

Characteristics

All 46 hips in 42 patients”

Confirmed periprosthetic joint infection -
34 hips in 32 patients'

Demographics
Mean age (range) (yrs)

Women, n (%) 20 (47.6)
Men, n (%) 22 (52.4)
Underlying joint disease n =42
Osteoarthritis, n (%) 34 (80.9)
Post-traumatic arthritis, n (%) 4(9.5)
Other, n (%) 4 (9.5)
Arthroplasty n = 44 joints”
Primary arthroplasty, n (%) 27 (61.4)
Revision arthroplasty, n (%) 17 (38.6)
Comorbid conditions n=42
Diabetes mellitus, n (%) 10 (23.8)
Immunosuppressive medications, n (%) 3(71)
Malignancy or history of malignancy, n (%) 3(71)
Obesity (BMI > 35 kg/m?), n (%) 5 (11.9)
Chronic obstructive pulmonary disease 3(71)
Congestive heart failure, n (%) 11 (26.2)
Impaired renal function,® n (%) 11 (26.2)
Smoking, n (%) 10 (23.8)
Oral anticoagulants,Tn (%) 7(16.7)

73.2 (44.6 to 87.7)

73.2 (44.6 to 87.7)
15 (46.9)

17 (53.1)

n =32
25(78.1)
4(12.5)
3(9.4)

n =33 joints’
21 (63.6)

12 (36.4)

n =232
6(18.8)
2(6.3)
2(6.3)
3(9.4)
3(9.4)
7(21.8)

8 (25)
6(18.8)
6(18.8)

*one patient with two infections in two joints (Table Ill), and one patient with four infections in two joints (Table IV)

t one patient with two infections in two joints (Table Ill), and one patient with two infections in the same joint (Table 1V)

F immunosuppressive medications included corticosteroid doses of > 5 mg per day

§ impaired renal function was defined when pre-operative serum creatinine was > 84 pmol/L or estimated GFR was < 50 ml/min

q oral anticoagulants included medications with warfarin or rivaroxaban
BMI, body mass index

sensitivities were identified. Antibiotic treatment was
stopped, if microbiology or histopathology results were not
consistent with the diagnosis of PJI (Fig. 1). In the case of
confirmed PJI, the total duration of antibiotic therapy was
three months, consisting of one to two weeks intravenous
and ten to 11 weeks of oral compounds.

All patients underwent regular clinical and radiological
review.®’ For patients unable to attend outpatient review,
the patients and / or their general practitioners or referring
orthopaedic surgeons from other institutions, were con-
tacted by telephone to evaluate the clinical outcome of the
patients. The follow-up interval was defined as the time
between DAIR and the most recent follow-up. Eradication
of infection was considered to have been achieved when
follow-up investigations for two or more years following
the DAIR procedure showed no evidence of further or
ongoing infection.

We included patient characteristics, indications for hip
arthroplasty surgery, the clinical presentation of PJI, micro-
biological and histopathological results, the surgical and
antibiotic treatment and the results of follow-up investiga-
tions in the analysis. Index surgery was defined as the last
elective arthroplasty intervention. The antibiotic treatment
included biofilm-active agents, rifampicin for rifampicin-
sensitive staphylococci and fluoroquinolones for aerobic
Gram-negative bacilli.

Statistical analysis. GraphPad Prism 5.0 was used for sta-
tistical analysis (GraphPad Software Inc., La Jolla, Califor-
nia). Student’s #-test, Fisher’s exact test or Pearson chi-
squared test were applied where appropriate for parametric
or non-parametric data. A two-tailed p-value < 0.05 was
considered statistically significant.

Results

DAIR procedures were performed for infection in 49 hips
(45 patients) in the study period. Figure 1 shows the process
of care and treatment pathways. In three (6%) of 49 hips,
DAIR was performed in the presence of chronic infection
and these were accordingly excluded from the study. Their
treatment had been undertaken without curative expecta-
tion and was followed by suppressive antimicrobial treat-
ment. The decision to treat was based on the patient’s
comorbidities (two patients) and refusal to have removal of
hip implants (one patient). In 46 hips (42 patients), DAIR
was performed with the aim of eradicating infection. The
postulated source of infection was exogenous (early post-
operative) in 28 hips and haematogenous in 18 hips.

In 12 of the 46 hips (ten patients), the criteria for PJI
were not fulfilled on the basis of the intra-operative find-
ings together with negative microbiological and histo-
pathological results. These cases were categorised as “PJI
excluded” (Fig. 1). In all 12 hips, empirical antimicrobial
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Table Il. Identified microorganisms in confirmed periprosthetic joint infection treated with debridement and implant retention

Exogenous route (early post-operative)” Haematogenous route Total

Hips (n) 20 14 34
Bacteraemia, n (%) 0 9(64.3) 9(26.5)
Monomicrobial infections, n (%) 12 (60) 14 (100) 26 (76.5)
Polymicrobial infections, n (%) 8 (40) 0 8(23.5)
Coagulase-negative staphylococci, n (%) 11 (55) 0 11(32.4)
Staphylococcus aureus, n (%) 5(25) 5(35.7) 10 (29.4)
Enterobacteriaceae,” n (%) 7 (35) 1(71) 8(23.5)
Streptococcus spp., n (%) 0 8(571) 8(23.5)
Pseudomonas aeruginosa, n (%) 1(5) 0 1(2.9)
Enterococcus faecalis, n (%) 1(5) 0 1(2.9)
Bacillus spp., n (%) 1(5) 0 1(2.9)

*numbers in column add up to more than 100% (i.e., 20 and 34, respectively) because of polymicrobial infections
T identified species among Enterobacteriacae included Citrobacter koseri, Proteus mirabilis, Klebsiella oxytoca, Escherichia coli,

Morganella morganii and Enterobacter cloacae

treatment was stopped within two weeks, and monitoring
of outcomes undertaken. A total of ten of 12 hips showed
no evidence of infection after two years; one hip showed no
evidence of infection after one year, but no further follow-
up data was available. A further one patient died at 5.5
months after the DAIR procedure from an unrelated cause.

Among the 34 hips (32 patients) with confirmed PJI,
three patients (three hips) died between one and five
months after DAIR from non-infection causes. Prior to
their death, there were no signs of persisting PJI. Thus, 31
hips with proven PJI (29 patients) in which DAIR was per-
formed were available for outcome analyses. A patient (one
hip) died due to the complications of sepsis, six days after
DAIR and was classified as ‘failure’ in the outcome analyses
and one patient died 1.4 years after DAIR from an unre-
lated cause. This case was considered cured and added to
the analysis. Hence, 30 hips (28 patients) with proven PJI
and with long-term follow-up results were available for
analysis (Fig. 1).

Patient characteristics are summarised in Table I. Osteo-
arthritis was the most common indication for an arthro-
plasty and almost two thirds of the patients had a primary
arthroplasty. We did not identify variables among the
comorbid factors that were significantly more frequent
among confirmed and excluded PJIs.

Exogenous (early post-operative) PJI was diagnosed in 20
hips, and haematogenous PJI in 14. Exogenous infections
were often polymicrobial, but predominately caused by
coagulase-negative Staphylococci. All haematogenous infec-
tions were monomicrobial and mainly caused by Staphylo-
coccus (S.) aureus and Streptococcus spp. (Table II).

In exogenous infections, the time from index hip arthro-
plasty to DAIR procedure was < 30 days in 95% (19 hips)
of the 20 PJI confirmed cases (Table III). In one remaining
hip, it was 49 days. Clinically, all hips had shown either
poor wound healing, persistent wound oozing and or
wound breakdown. The decision to perform DAIR was
taken early. In eight hips (40%) of the confirmed exogenous
PJI cases, the decision was made while the patient was still
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in hospital. In the remaining 12 cases (60%), DAIR was
performed within three days after referral.

In 14 hips with PJIs classified as haematogenous origin,
the duration of symptoms until DAIR was < 21 days (Table
IV). Bacteraemia was proven in nine of 14 (64.3%) P]ls.

In the vast majority of PJIs, only one debridement was
performed, regardless of the route of infection (Tables III
and IV). Modular components were exchanged in 27 of 46
hips (58.7%). There was a significant difference between
the groups undergoing modular component exchanges
between “PJI confirmed” (24 of 34, 70.6%) and “PJI
excluded” (3 of 12, 25%) (chi-squared test, p = 0.015).
This was also true for the 28 cases that were categorised as
exogenous infections (15 of 20; 75% “PJI confirmed” versus
2 of 8; 25% “PJI excluded”, (chi-squared test, p = 0.03).

Antibiotics with activity against biofilm-producing bacte-
ria were administered in all cases in which a corresponding
susceptible microorganism was identified. With the excep-
tion of four patients, the treatment duration was for three
months in all cases. A total of three of these four patients
died after six, 42 and 45 days, respectively. In one patient,
the treatment duration was 200 days (Tables III and IV).

In 41 (89.1%) of all the PJIs suspected, and in 32 hips
(94.1%) with confirmed P]JIs, all criteria for DAIR were
met. In five hips not all criteria were met. In four cases that
were categorised in the exogenous group (1 x “PJI con-
firmed” plus 3 x “PJI excluded”), the interval between
implantation and DAIR was > 30 days (40 to 51) (Table III).
In one haematogenous case, a sinus tract communicating
from the joint to the muscles was found (Table IV).

During the follow-up period, two failures were noted.
Both occurred in the haematogenous group and were both
caused by S. aureus. One failure occurred four weeks after
the DAIR procedure. The patient refused further surgery
and antimicrobial suppressive therapy was administered.
The second failure was a relapse four months after DAIR
and one month after cessation of antibiotics. This patient
underwent a one-stage exchange arthroplasty and was free
of infection at last review.
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Table lll. Criteria for debridement and implant retention (DAIR) and treatment characteristics in exogenous (early post-operative) periprosthetic joint

infection (PJI)

Characteristics All hips Confirmed PJI Confirmed PJI with 2 2 yr follow-up
Cases (n) 28 20 18

Patients (n)" 27 19 17

Implant age'

Mean (range) (days) 21.4 (7 to 51) 20.2 (7 to 49) 20.9 (7 to 49)
<30 days, n (%) 24 (85.7) 19 (95) 17 (94.4)

> 30 days, n (%) 4(14.3) 1(5) 1(5.6)
Decision to perform DAIR, n, (%)

During hospitalisation for index surgery* 12 (42.9) 8 (40) 7(38.9)
Referred® 16 (571) 12 (60) 11 (61.1)
Mean time interval from referral to DAIR, (range) (days) 1.3 (0to 4) 1.1 (0to 3) 1.1 (0to 3)

Surgical therapy

Debridements (n)

Exchange of modular components, n (%)
Microorganisms,’n (%)

Rif-S Staphylococci

FQ-S aerobic GN rods

Directed antimicrobial treatment
Duration, mean (range) (days)

Use of Rif for Rif-S Staphylococci (%)
Use of FQ for FQ-S aerobic GN bacilli (%)
Follow-up

Duration, mean (range) (yrs)™

Outcome cases

Failure

Cure

17 (60.7)

1in 25 hips; 2 in 3 hips

1in 17 hips; 2in 3 hips 1 in 15 hips; 2 in 3 hips

15 (75) 14 (778)
14 (70) 12 (66.7)
8 (40) 7(38.9)

94.8 (45™ to 117) 98.1 (90 to 117)

100 100"
100 100
3.0 (0.1%% to 6.5) 3.3(2.0to 6.5)
0
18

All hips consists of “PJI confirmed” plus “PJI excluded” Unless otherwise indicated, the values are presented as the number of hips with the pro-

portions in parentheses corresponding to the total number of hips

* one patient had two confirmed PJls, one each after total hip arthroplasty at each body site (2010, 2012)
T the time interval was calculated from index surgery until the date of the first DAIR intervention
¥ index surgery was defined as the previous elective intervention for joint reconstruction (e.g. implantation of hip arthroplasty)

§re-referral after discharge of hospitalisation for index surgery

§| the numbers and proportions add up to more than 100% because of polymicrobial infections

** one patient died 45 days after DAIR from a non-infected cause

1t one patient did not tolerate treatment with rifampicin. Treatment was switched after 6 wks
11 the time interval from DAIR to the date of the latest follow-up investigation
88§ two patients (each one infection episode) died 45 (see **) and 148 days after DAIR from non-infection causes. These were classified as lost to fol-

low-up (Fig. 1)
Rif, rifampicin; FQ, fluoroquinolone; S, susceptible; GN, gram-negative

The overall results show a successful outcome, with a
mean follow-up of 4.0 years (1.4 to 10), of 91% (100% in
the exogenous group, 0 failures, 78.6% in the haematoge-
nous group, three failures).

Discussion

The incidence of PJT is increasing.'®!! Its treatment requires
specific knowledge and an experienced multidisciplinary
team. Most centres, specialising in the management of PJI,
follow similar diagnostic pathways. However, the criteria
used may differ between different centres and countries. We
believe the difference in the reported success rates for DAIR
procedures between different units is likely to be explained
by this variation. If eradication of infection is the primary
aim, following strict criteria and protocols is necessary to
obtain the best outcomes.

Key among the criteria for a successful DAIR, is the time
interval between implantation, in early post-operative
infections and the duration of symptoms in haematogenous
PJI.*3 The rationale for this, is based on the duration of

biofilm formation. According to in vitro data, killing of
device-associated bacteria depends on the age of the bio-
film.!? Barberan et al'3 showed that the success rate of
DAIR dropped from 83.4% to 65.2% and 30.8%, respec-
tively, when the duration of infection increased from less
than one month to two to six months, and to more than six
months, respectively.

Exogenous infections typically manifest with local signs
and symptoms at the site of previous surgical intervention.”
Clinical signs of sepsis are often absent and laboratory
parameters for systemic inflammation are often unremark-
able or difficult to interpret. These parameters are often not
helpful in the decision-making process between watchful
waiting or early surgical intervention. Persisting wound
management issues, wound oozing and wound breakdown
all point towards early PJL.'!5 In a case-control study,
post-operative surgical site infection had a matched odds
ratio of 35.9 (95% confidence interval 8.3 to 154.6) for
PJL.'* On the basis of these observations, the threshold to
perform DAIR early, in the case of persistent wound prob-
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Table IV. Criteria for debridement and implant retention (DAIR) and treatment characteristics in haematogenous periprosthetic joint infection (PJI)

Characteristics All cases Confirmed PJI Confirmed PJI with 2 2 yr follow-up”
Cases (n) 18 14 12
Patients (n)" 15 13 11%*
Duration of symptoms'

Mean (range) (days) 4 (11t013) 4(1to 13) 3(1to 13)
< 21 days, n (%) 18 (100) 14 (100) 12 (100)
Mean time intervals (days)

From referral to DAIR (range) 3(0to 11) 4 (0to 11) 4 (0to 11)
From onset of symptoms to DAIR (range) 7 (1to 21) 8 (11to 21) 8 (110 21)
Condition of soft tissue surrounding the implant

Presence of a sinus tract, n (%) 1(5.9) 1(77) 1(8.3)

Surgical therapy

Debridements (n)

Exchange of modular components, n (%)
Microorganisms, n (%)

Rif-S Staphylococci

FQ-S aerobic GN rods

Directed antimicrobial treatment
Duration, mean (range) (days)

Use of Rif for Rif-S Staphylococci (%)
Use of FQ for FQ-S aerobic GN bacilli (%)
Follow-up

Duration, mean (range) (yrs)"

1in 14 hips; 2 in 4 hips
10 (55.6)

1in 11 hips; 2 in 3 hips
9(64.3)

5(38.5)
1(77)

92.9 (6%, 42* to 200°)
100
100

4.3(0.01%, 0.1* t0 10.0)

1in 9 hips; 2 in 3 hips
8(66.6)

4 (33.3)
1(8.3)

97.2 (62 to 200°)
100
100

5.0 (1.4™"; 2.0 to 10.0)

Outcome by hips
Failure
Cure

10

Unless otherwise indicated, the values are presented as the number of cases with the proportions in parentheses corresponding to the total num-

ber of cases

*over the ten-year period, one patient had four suspected cases. Two haematogenous PJls were proven (2004, 2013) with two different microor
ganisms. In 2008, he had an episode simultaneously involving both hips. PJI was excluded and antimicrobial treatment was stopped

tthe time interval was calculated from the onset of symptoms to the date of referral

fone patient died six days, one 42 days after DAIR (each one infection episode). They were classified as failure and lost to follow-up, respectively

(Fig. 1)

§one patient was treated for 200 days. The range of the other confirmed cases was 62 to 101 days
] the time interval from DAIR to the date of the latest follow-up investigation
**one patient died 1.4 years after DAIR from non-infection causes. He was classified as probably cured, and in this study was added to the cure

g?gl:i‘;ampicin; FQ, fluoroquinolone; S, susceptible; GN, gram-negative
lems or secondary wound discharge, is low at our institu-
tion. As a consequence of this strategy, eight of 28 cases
(28.6%) in the exogenous group underwent early surgical
intervention, but PJI was not confirmed.

At our institution, following elective joint arthroplasty,
patients are not discharged until the wound is completely
dry. In all, 12 hips underwent DAIR procedures during the
same hospital episode as their primary arthroplasty. These
patients may have not received early surgery, if early hospi-
tal discharge was a priority.'® Prolonged hospitalisation
after hip arthroplasty is associated with higher costs. A pol-
icy of not discharging patients with incompletely healed
wounds increases the opportunity for early intervention in
patients when wound problems ensue. Delay in the diagno-
sis of PJI reduces the chance of curative DAIR and increases
the risk of the need for exchange arthroplasty and its asso-
ciated higher risks and costs.!®!”

After hospital discharge, following elective surgery;
patients, their general practitioners and carers are advised
to immediately contact our institution, if there are concerns
about possible joint infection. These referrals are evaluated
for urgent surgery. In our study the vast majority of patients
received DAIR within 72 hours of presentation (Tables III
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and IV). A possible explanation for the different outcome
results from our centre and that of others may be the rapid
response we offer.!$20

Meticulous open debridement in a single surgical inter-
vention by specialised surgeons facilitated cure in the
majority of cases. This observation supports the impor-
tance of meticulous surgery in the first attempt, because
with each treatment failure, further tissue damage und
functional compromise occurs.”! The role of the exchange
of modular components could not be evaluated in our study
due to the overall high cure rate and the small numbers
studied. Exchange of modular components, if feasible, is
recommended, although this recommendation is based on
empirical reasoning only. Further trials are necessary to
evaluate the influence of the exchange of modular compo-
nents in the overall success of DAIR procedures.

The level of compliance with our strict criteria for DAIR
was high. In five cases, including only two confirmed P]Is,
not all criteria for DAIR were fulfilled. In our view, this
level of compliance contributed to the high success rate we
report. However, we could not draw a statistical associa-
tion between cases treated with all criteria for DAIR ful-
filled and outcomes due to the lack of a comparison group.
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In two haematogenous cases, failure with S. aureus were
noted. Previous studies have indicated that the risk of fail-
ure is higher when S. aureus (in comparison with other
pathogens) is involved.??

A major weakness in our study is the relatively small
numbers studied. Large studies are difficult to conduct in
individual centres and multi-centre trials would address
this, though create potential increased variability in the
clinical and surgical decision making. Nonetheless, only a
few studies on DAIR in PJI of the hip have included more
cases.!

In conclusion, we report the outcome of DAIR in our
institution for PJI with a successful outcome of 91% in 34
hips, and 90% in 30 hips with long-term follow-up results.
We believe the key to success is strict application of the sur-
gical criteria, rapid access to treatment, and meticulous sur-
gical technique.

Take home message:

- In patients with periprosthetic joint infections, debridement

P

antibiotics has a high cure rate, provided that strict adherence to all crite-

and retention of implant followed by a three-month course of

ria for this treatment concept has been applied.

Author contributions:

P. Sendi: Obtained patient data, Developed the study design, Data analysis,
Writing the paper.

P. O. Lotscher: Obtained patient data, Writing the paper.

B. Kessler: Clinical responsibility for patients, Writing the paper.

P. Graber: Clinical responsibility for patients, Contributed to the generation of
the data and cohort data bank.

W. Zimmerli: Data analysis, Contributed to the generation of the data and
cohort data bank, Writing the paper.

M. Clauss: Clinical responsibility for patients, Data analysis, Contributed to the
generation of the data and cohort data bank, Writing the paper.

P. Sendi and P. O. Lotscher contributed equally to this work.

No benefits in any form have been received or will be received from a commer-
cial party related directly or indirectly to the subject of this article.

This article was primary edited by D. Johnstone and first proof edited by G.
Scott.

References

1. Romano CL, Manzi G, Logoluso N, Remano D. Value of debridement and irrigation
for the treatment of peri-prosthetic infections. A systematic review. Hip Int
2012;22:519-S24.

2. Westherg M, Gregaard B, Snorrason F. Early prosthetic joint infections treated
with debridement and implant retention: 38 primary hip arthroplasties prospectively
recorded and followed for median 4 years. Acta Orthop 2012;83:227-232.

3. Aboltins C, Dowsey MM, Peel T, et al. Early prosthetic hip joint infection treated
with debridement, prosthesis retention and biofilm-active antibiotics: functional out-
comes, quality of life and complications. Intern Med J 2013;43:810-815.

4. Osmon DR, Berbari EF, Berendt AR, et al. Diagnosis and management of pros-
thetic joint infection: clinical practice guidelines by the Infectious Diseases Society of
America Clin Infect Dis 2013;56:1-25.

Zimmerli W, Trampuz A, Ochsner PE. Prosthetic-joint infections. N Engl Journal
Med 2004;351:1645-1654.

Kessler B, Knupp M, Graber P, et al. The treatment and outcome of peri-prosthetic
infection of the ankle: a single cohort-centre experience of 34 cases. Bone Joint J
2014,96-B:772-777.

Sendi P, Banderet F, Graber P, Zimmerli W. Clinical comparison between exog-
enous and haematogenous periprosthetic joint infections caused by Staphylococcus
aureus. Clin Microbiol Infect 2011;17:1098-1100.

Clauss M, Luem M, Ochsner PE, lichmann T. Fixation and loosening of the
cemented Muller straight stem: a long-term clinical and radiological review. J Bone
Joint Surg [Br] 2009;91-B:1158-1163.

lichmann T, Zimmerli W, Ochsner PE, et al. One-stage revision of infected hip
arthroplasty: outcome of 39 consecutive hips. /nt Orthop 2016;40:913-918.

10. Kurtz SM, Lau E, Watson H, Schmier JK, Parvizi J. Economic burden of peripros-
thetic joint infection in the United States. J Arthroplasty 2012;27:61-65.

11. Dale H, Fenstad AM, Hallan G, et al. Increasing risk of prosthetic joint infection
after total hip arthroplasty. Acta Orthop 2012;83:449-458.

12. Stewart PS. Antimicrobial Tolerance in Biofilms. Microbiol Spectr 2015;3...

13. Barberan J, Aguilar L, Carroquino G, et al. Conservative treatment of staphylo-
coccal prosthetic joint infections in elderly patients. Am J Med 2006;1193:993.

14. Kessler B, Sendi P, Graber P, et al. Risk factors for periprosthetic ankle joint infec-
tion: a case-control study. J Bone Joint Surg [Am]2012;94-A:1871-1876.

15. Berbari EF, Hanssen AD, Duffy MC, et al. Risk factors for prosthetic joint infec-
tion: case-control study. Clinical Infect Dis 1998;27:1247-1254.

16. Napier RJ, Spence D, Diamond O, et al. Modifiable factors delaying early dis-
charge following primary joint arthroplasty. Eur J Orthop Surg Traumatol
2013;23:665-669.

17. Fisman DN, Reilly DT, Karchmer AW, Goldie SJ. Clinical effectiveness and cost-
effectiveness of 2 management strategies for infected total hip arthroplasty in the
elderly. Clin Infect Dis 2001;32:419-430.

18. Aiono S, Faber RG, Galland RB. Surgeons have little control over general surgical
waiting lists. Ann R Coll Surg Engl 2000;82:304-307.

19. 0'Dowd A. NHS reports record waiting times in busiest year ever. BMJ
2016;353:2724.

20. Byren |, Bejon P, Atkins BL, et al. One hundred and twelve infected arthroplasties
treated with ‘DAIR’ (debridement, antibiotics and implant retention): antibiotic dura-
tion and outcome. J Antimicrob Chemother 2009;63:1264—1271.

21. Zimmerli W, Sendi P. Orthopedic Implant-Associated Infections. In: Bennett JE,
Dolin R, Blaser MJ, ed. Principles and practice of infectious diseases. Eighth ed.
Philadelphia: Elsevier Saudners, 2015:1328-1340.

22. Betz M, Abrassart S, Vaudaux P, et al. Increased risk of joint failure in hip pros-
theses infected with Staphylococcus aureus treated with debridement, antibiotics
and implant retention compared to Streptococcus. /nt Orthop 2015;39:397-401.

o

~

©

THE BONE & JOINT JOURNAL




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /Sabon-Bold
    /Sabon-BoldItalic
    /SabonCE-Bold
    /SabonCE-BoldItalic
    /SabonCE-Italic
    /SabonCE-Roman
    /Sabon-Italic
    /Sabon-Roman
    /Univers
    /Univers-Bold
    /Univers-BoldOblique
    /UniversCE-Bold
    /UniversCE-BoldOblique
    /UniversCE-Medium
    /UniversCE-Oblique
    /Univers-CondensedBold
    /Univers-CondensedBoldOblique
    /Univers-CondensedLight
    /Univers-CondensedLightOblique
    /Univers-Oblique
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG ()
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


