
Konstantinos Anagnostakos, Cornelia Schmitt, Klinik für Or-
thopädie und orthopädische Chirurgie, Universitätsklinikum des 
Saarlandes, D-66421 Homburg/Saar, Germany
Author contributions: All authors contributed to this work.
Correspondence to: Konstantinos Anagnostakos, PD, Klinik 
für Orthopädie und orthopädische Chirurgie, Universitätsklini-
kum des Saarlandes, Kirrbergerstr. 1, D-66421 Homburg/Saar, 
Germany. k.anagnostakos@web.de
Telephone: +49-6841-1624520  Fax: +49-6841-1624516
Received: November 27, 2013   Revised: March 14, 2014
Accepted: April 11, 2014
Published online: July 18, 2014 

Abstract
To evaluate the current literature about how success-
fully periprosthetic hip joint infections can be managed 
by debridement and prosthesis retention. A literature 
search was performed through PubMed until Septem-
ber 2013. Search terms were “DAIR (debridement, an-
tibiotics, irrigation, and retention)” alone and in combi-
nation with “hip” as well as “hip infection + prosthesis 
retention”. A total of 11 studies reporting on 292 cases 
could be identified. Five different treatment modalities 
have been described with varying success rates (deb-
ridement-21% infection eradication rate; debridement 
+ lavage-75% infection eradication rate; debridement, 
lavage, with change of modular prosthesis compo-
nents-70.4% infection eradication rate; debridement, 
lavage, change of modular prosthesis components + 
vacuum-assisted closure-92.8% infection eradication 
rate; acetabular cup removal + spacer head onto re-
tained stem-89.6% infection eradication rate). With re-
gard to the postoperative antibiotic therapy, no general 
consensus could be drawn from the available data. De-
bridement, antibiotic therapy, irrigation, and prosthesis 
retention is an acceptable solution in the management 
of early and acute hematogenous periprosthetic hip 
joint infections. The current literature does not allow 
for generalization of conclusions with regard to the 

best treatment modality. A large, multi-center study is 
required for identification of the optimal treatment of 
these infections.
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Core tip: Infections after total hip arthroplasty are a 
hazardous complication. Prosthesis retention is though 
to be possible in case of early infections, whereas sev-
eral treatment modalities might be applied. The ideal 
treatment procedure is still unknown. The present work 
reviews the current literature about how successfully 
periprosthetic hip joint can be managed by debride-
ment and prosthesis retentiond and treid to shed some 
light onto this difficult topic.
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INTRODUCTION
Despite numerous prophylactic measures infections 
still occur in 1%-2% after total hip arthroplasty (THA), 
whereas this rate may increase after revision surgery[1]. In 
the future, the overall infection rate is likely to increase as 
the life expectancy of  the implants is increased and pa-
tients are followed up longer. Depending on the time of  
infection manifestation, duration of  symptoms, virulence 
and antibiotic resistance profile of  the pathogen organ-
ism, and the general medical condition of  the patient, 
several treatment options are available including both 
one- and two-stage procedures[1].
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Hip joint infections are actually categorized into early, 
delayed, and late infections[1]. Although these terms are 
widely accepted, a discrepancy regarding the precise dif-
ferentiation of  the time periods still exists. Some authors 
define early infections as those occurring within the first 
four[2,3] or six[1] postoperative weeks, whereas others pro-
pose the first three months to be the limit[4]. Similar to 
that, the definition of  late infections vary from the period 
beyond the first four postoperative weeks[2,3] to beyond 
the first 24 postoperative months[4].

The correct definition of  the joint infection with re-
gard to the time of  infection manifestation is important 
for making the correct decision about the ideal treatment 
procedure. Generally, it is accepted that early infections are 
likely to be successfully managed by debridement, lavage, 
and prosthesis retention, whereas late infections require 
prosthesis removal and one- or two-stage-reimplantation 
in order to achieve infection eradication[5]. However, the 
literature data about this topic cannot be always evaluated 
and compared to each other to a sufficient and reliable way 
due to inhomogenities in the treatment procedure, patients’ 
collective, antibiotic therapy or length of  follow-up.

Hence, the aim of  the present study was to evaluate 
the current literature about how successfully peripros-
thetic hip joint infections can be managed by debride-
ment and prosthesis retention.

LITERATURE SEARCH 
A literature search was performed through PubMed from 
the begin of  PubMed until September 2013 (Figure 1). 
Search terms were “DAIR (debridement, antibiotics, irriga-

tion, and retention)” alone and in combination with “hip” 
as well as “hip infection + prosthesis retention”. Only Eng-
lish studies were included. Reviews, case reports and case 
series with a number of  patients < 10 were excluded from 
the study. Studies reporting about both hip and knee cases 
but not allowing for differentiation between the particular 
outcome were also excluded. From the identified studies, a 
search was carried through the bibliography of  each article 
in order to identify further studies. All studies were analysed 
with regard to publication date, number of  patients treated, 
type of  infection, surgical treatment modalities, surgical 
complications, type and length of  antibiotic therapy, follow-
up, and level of  evidence. Studies reporting only partly on 
these parameters were also excluded.

RESEARCH
A total of  11 studies reporting on 292 cases could be 
identified (Figure 1)[2-3,6-14]. Two studies were published 
before and nine after 2000. Two studies had a level of  
evidence Ⅲ and nine level of  evidence Ⅳ (Table 1).

Of  the 292 cases, there were 216 early and 57 late in-
fections (with a variable definition of  early vs. late infec-
tion). The remaining 19 cases were acute hematogenous 
according to the criteria by Tsukayama et al[2] (Table 1).

Regarding the treatment procedures, five different 
modalities have been described (Figure 2). One study[10] 
reported on debridement and another on debridement 
and irrigation[12]. Six studies performed debridement, lav-
age and change of  modular prosthesis components (pol-
yethylene (PE) liner, femoral stem head)[2,3,6,7,9,14], whereas 
in one of  these studies the PE liner was not changed in 
all patients[9]. One study combined this procedure along 
with the use of  the vacuum-assisted closure therapy[11]. 
Two studies reported on partial prosthesis retention[8,13]. 
In both studies, the infected acetabular cup was removed 
and an antibiotic-loaded spacer head was placed onto the 
retained femoral stem. Although it is difficult to evaluate 
the cumulative infection eradication rate for each proce-
dure separately, literature data indicate a higher success 
rate for the two latter procedures (Figure 2).

Complications beside persistence of  infection or 
emergence of  new infection included mostly prosthesis 
dislocations and aseptic prosthesis loosening (Table 2).

With regard to the postoperative antibiotic therapy, 
no general consensus could be drawn from the available 
data (Table 3). Some studies gave only intravenous antibi-
otics, whereas others combined intravenous and oral anti-
biotics. Similar discrepancies could be observed regarding 
the length of  antibiotic therapy, which varied from four 
weeks to one year (Table 3).

All studies provided a mean follow-up of  at least 24 
mo (Table 2). Depending on the salvage procedure used 
in each study, the infection eradication rate ranged from 
21% to beyond 90% (Table 2).

DISCUSSION
The aim of  the present study was to evaluate the cur-
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and cases where no differentiation 
was

Figure 1  Flow chart diagram showing the single steps of literature search 
for identification of relevant studies. 1dair: Debridement, antibiotics, irriga-
tion, and retention.



rent literature about how successfully periprosthetic hip 
joint infections can be managed by debridement and 
prosthesis retention. There was a low level of  evidence 
among the 11 identified studies. Most infections were 
early infections, whereas a variable definition of  the type 
of  infection was evident through the studies. Five dif-
ferent modalities have been described with an infection 
eradication rate ranging from 21% to beyond 90%. With 
regard to the postoperative antibiotic therapy, no general 
consensus could be drawn from the available data about 
the ideal type or length of  the therapy. 

Periprosthetic joint infections (PJI) still remain a haz-
ardous complication after primary and revision THA. A 
regimen of  debridement, irrigation, prosthesis retention, 
and antibiotic therapy is generally accepted for acute in-
fections without complicating factors such as significant 
comorbidity, not intact soft tissues surrounding the pros-
thesis or loosening of  the prosthesis[15]. The aim of  the 
present review was to investigate whether it is possible to 
treat these infections by prosthesis retention.

To the best of  our knowledge, our literature search 
revealed 11 relevant studies. One possible cause for that 
might be the literature review only through PubMed and 

not also through other libraries. Moreover, our strict in-
clusion criteria led to the exclusion of  numerous studies 
which might have provided more information and al-
lowed for a more reliable interpretation of  the data. On 
the other hand, more heterogenous data may not allow 
for meaningful conclusions. However, the purpose of  
the present study was to evaluate only studies reporting 
on hip joint infections. Several well-designed studies with 
a higher level of  evidence report about DAIR includ-
ing both THA and total knee arthroplasty (TKA) cases, 
whereas a differentiation of  the results between both pri-
mary surgeries is not possible[15-28]. Similar to that, other 
studies present data only about small case series[29-31]. We 
represent the opinion that the proper identification of  
relevant studies is crucial when a systematic literature re-
view is performed.

The findings of  the present review indicate that the 
infection eradication rates with regard to prosthesis re-
tention are lower compared to those reported after one- 
or two-stage revision surgery[5]. Although single studies 
demonstrated high success rate exceeding 90%, the rela-
tive small number of  patients treated as well as the low 
level of  evidence does not allow for generalization of  
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Table 1  Overview of 11 studies reporting about prosthesis retention at the site of periprosthetic hip joint infections with regard to 
publication year, number of patients treated, type of infection, and level of evidence

Ref. Publication year Number of patients Type of infection Level of evidence

Aboltins et al[6] 2007 13 7 early1 Ⅳ
6 late

Aboltins et al[7] 2013 19 All early1 Ⅲ
Anagnostakos et al[8] 2010 12 All late2 Ⅳ
Choi et al[9] 2012 28 All early3 Ⅲ
Crockarell et al[10] 1998 42 19 early3 Ⅳ

19 late
4 acute hematogenous

Kelm et al[11] 2009 28 All early2 Ⅳ
Klouche et al[12] 2011 12 All early3 Ⅳ
Lee et al[13] 2013 19 10 late3 Ⅳ

9 acute hematogenous
Tsukayama et al[2] 1996 41 35 early3 Ⅳ

6 acute hematogenous
Waagsbø et al[3] 2009 40 30 early4 Ⅳ

10 late
Westberg et al[14] 2013 38 Early3 Ⅳ

1Early < 3 mo after surgery; late > 3 mo after surgery; 2Early < 6 wk after surgery; late > 6 wk after surgery; 3Early < 4 wk after surgery; late > 4 wk after sur-
gery; Acute hematogenous > 4 wk after surgery due to bacteremia; 4Early < 4 wk after surgery; late > 4 wk after surgery.

Debridement

infection

21% (6/41)[10]

Eradication Rate

Debridement + lavage

Debridement, lavage, 
with change of 
modular prosthesis 
components

Debridement, lavage, 
change of modular 
prosthesis components + 
vacuum-assisted closure

Acetabular cup + 
removal + spacer head 
onto retained stem

75% (9/12)[12] 89.6% (26/29)[8,13]92.8% (26/28)[11]70.4% (126/179)[2,3,6,7,9,14]

Figure 2  Overview of treatment procedures for management of periprosthetic hip joint infections.
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ing factors identified no difference between methicillin-
sensitive and methicillin-resistant staphylococcus or 
head/liner exchange and no exchange[9]. These findings 
are contradictory to the general acceptance that prosthe-
sis retention is feasible at the site of  early infection with 
a short duration of  symptoms. Similar accounts for the 
non-significant difference between head/liner exchange 
and no exchange. Theoretically, the change of  modular 
prosthesis components should reduce the bacterial load 
in the wound, and hence lead to better infection eradica-
tion rates. However, Choi et al[9] concluded that retention 
treatment can be considered an initial treatment option 
in selected cases of  primary THA with a single organism, 
non-S. aureus infection with 50% chance of  infection 
control and no disadvantages in terms of  additional pro-
cedure, hospital stay, and treatment duration. 

The decision with regard to the ideal treatment 
procedure for management of  PJIs of  the hip joint is 
made based on several factors such as time of  infection 
manifestation, duration of  symptoms, local soft-tissue 
situation, number of  prior surgeries, identification of  
pathogen organism, its virulence and antibiotic resist-
ance profile as well as patient’s comorbidities. Various 
risk factors have been described that are associated with 
occurrence of  PJI, such as rheumatoid arthritis, diabetes 
mellitus, malignancy, obesity, and use of  immunosup-
pressive drugs[15,20,32-34]. Revision surgery also increases the 

conclusions. Two possible causes might be responsible 
for this lower infection eradication rate: the low power 
of  the included patients of  the identified studies, and the 
patients’ collectives themselves, which are different com-
pared with those treated by one- or two-stage revision 
arthroplasty.

The present review identified five different treatment 
modalities for management of  THA-PJIs with varying 
success rates. Especially older studies showed lower suc-
cess rates compared to younger ones. This discrepancy 
might be possibly explained by advances in surgical and 
debridement techniques, introduction of  the vacuum-
assisted therapy, use of  pulsatile lavage or even antiseptic 
solutions as well as application of  new and more potent 
antimicrobial drugs. Moreover, some studies present 
some partly surprising results. Choi et al[9] retrospectively 
compared 28 cases having prosthesis retention with 65 
cases having been treated by staged revision and identi-
fied risk factors for infection persistence, whereas dif-
ferent surgical indications were present for acute vs late 
infections. Infection of  revision THA, acute phase treat-
ment (less than four weeks), and polybacterial infection 
were identified as independent predictors for failure of  
infection control after initial surgery. The only risk factor 
associated with failure of  infection control at the latest 
follow-up was the S. aureus microorganism. Additional 
subgroup analysis to identify other possible contribut-

Anagnostakos K et al . Hip joint infections and prosthesis retention

Table 2  Overview of 11 studies reporting about prosthesis retention at the site of periprosthetic hip joint infections with regard to 
surgical treatment modalities, -complications, infection eradication rate and length of follow-up

Ref. Surgical treatment procedure Surgical complications Infection eradication rate

Aboltins et al[6] Debridement, lavage, 1/13 aseptic prosthesis loosening 92.30%
Change of PE-liner 
[Median = 1 (1-4)]

Aboltins et al[7] Debridement, lavage, N.c.d. 89.50%
Change of PE-liner 
[Median = 3 (3-6)]

Anagnostakos et al[8] Acetabular cup removal + 2/12 draining sinus 91.60%
Spacer head onto retained stem After spacer head implantation; 
Mean implantation period 88 (35-270) d 1/12 spacer dislocation;

3/12 prosthesis dislocation
Choi et al[9] 19/28 debridement, irrigation, 5/28 staged revision, 50%

Change of PE-liner 6/28 repeated debridement, 
9/28 debridement, irrigation, 4/28 resection arthroplasty
No change of PE-liner

Crockarell et al[10] Debridement 1/42 prosthesis dislocation, 21%1

1/42 periprosthetic femoral fracture, 
1/42 exitus due to sepsis

Kelm et al[11] Debridement, pulsatile lavage, None 92.80%
Change of PE-liner, 
Vacuum-assisted closure 

Klouche et al[12] Debridement, irrigation n.r. 75%
Change of PE-liner and femoral head

Lee et al[13] Acetabular cup removal + n.r. 89.50%
Spacer head onto retained stem

Tsukayama et al[2] Debridement, change of PE-liner 1/35 acetabular component loosening 71% (early)
2/6 acetabular component loosening 50% (acute hematogenous)

Waagsbø et al[3] Debridement + prosthesis retention n.r. 67.50%
Westberg et al[14] Debridement, pulsatile lavage, 8/38 prosthesis dislocation 71%

Change of modular prosthesis components

PE: Polyethylene; N.c.d.: Not clearly described; n.r.: Not reported; 14/19 early successful, 2/4 acute hematogenous, 0/19 late.
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risk of  PJI[17,33,34]. Factors that have been associated with 
a worse outcome of  PJI treatment including both THA 
and TKA involve infections caused by Staphylococcus spe-
cies[15], and more specifically by Staphylococcus aureus and 
methicillin-resistant Staphylococcus aureus (MRSA)[17,35-37], 
polymicrobial PJI[20], intra-articular purulence[15], retention 
of  exchangeable components[20], and longer time between 
initial arthroplasty and PJI diagnosis[16,20,36,38].

Despite the aforementioned known risk factors the 
ideal treatment procedure is difficult to choose due to 
the definition of  the infection itself. Although several 
classification systems have been proposed[1-4], the exact 
definition of  an early vs. late periprosthetic infection still 
remains controversial. This distinguishment is essential 
since it is widely accepted that only early infections can be 
successfully treated by prosthesis retention. With regard 
to early as well as late infections the discrepancy between 
the several classification systems means that symptoms 
that are present for several weeks to months might not 
be ideally treated. The only point that all these systems 
agree for is the cause for the emergence of  each infec-
tion[1]. Early infections are attributed to an intraoperative 
contamination[1]. Delayed or low-grade infections are also 
attributed to an intraoperative contamination, however 
an infection manifestation has not evolved due to a small 
bacteria number, low virulence of  the causative organ-
ism or adverse local conditions for bacteria growth[1]. 
Late infections are hematogenously acquired, whereas in 
20%-40% of  the cases the primary infection source re-
mains unidentified[1]. Acute hematogenous infections take 
a special place among periprosthetic infections. These 
infections occur like late infections months after the sur-
gery, are characterized by a sudden onset of  symptoms 
and caused by bacteremia. Practically, all these definitions 
are an attempt to separate surgically from nonsurgically 
acquired infections, and the problem is where to draw 
the line. Clearly, not every early infection is surgically ac-
quired and not all late infections are from other sources[1].

Moreover, an unanswered question regards the inser-
tion of  antibiotic-loaded device (cement beads or col-
lagen sponges) when DAIR is performed. To the best 

of  our knowledge, the effect of  antibiotic-impregnated 
beads at the site of  DAIR has not been studied. A pos-
sible disadvantage of  the insertion of  beads regards the 
removal of  the beads in an additional surgery. The use of  
gentamicin-loaded collagen sponges has been described 
in a few studies in the treatment of  PJI[39-41]. 

The optimal antibiotic treatment (the choice and 
duration) of  PJIs is still unknown. Some authors recom-
mend a duration of  antibiotic treatment for 6 mo for 
TKA-PJIs and 3 mo for THA-PJIs when treated with 
DAIR[4]. In some recent studies, it has been reported that 
a shorter course of  antibiotics might be also an alterna-
tive in DAIR treatment[21,23,28,37]. This confusion regarding 
the optimal duration of  antibiotic therapy is also evident 
in the present literature review. Antibiotics were admin-
istered over different periods varying from four weeks to 
one year. Due to the relative small power of  the included 
cases and inhomogenities in the treatment procedures 
and collectives themselves it cannot be stated which anti-
biotic treatment is the optimal.

In conclusion, the present literature review shows 
that debridement, irrigation, antibiotic therapy, change of  
modular prosthesis components and prosthesis retention 
is an acceptable solution in the management of  early and 
acute hematogenous periprosthetic hip joint infections. 
Factors that have been associated with a worse outcome 
of  PJI treatment involve infections caused by Staphylococ-
cus species, and more specifically by Staphylococcus aureus 
and MRSA, polymicrobial PJI, intra-articular purulence, 
retention of  exchangeable components, and longer 
time between initial arthroplasty and PJI diagnosis. The 
current literature does not allow for generalization of  
conclusion with regard to the best treatment modality. A 
large, multi-center study is required for identification of  
the optimal treatment of  these infections.
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