
Treatment of acute periprosthetic infections with prosthesis 
retention: Review of current concepts

Jesse WP Kuiper, Robin Tjeenk Willink, Dirk Jan F Moojen, Michel PJ van den Bekerom, Sascha Colen

Jesse WP Kuiper, Center for Orthopaedic Research Alkmaar, 
Medical Center Alkmaar, 1815 JD, Alkmaar, The Netherlands
Jesse WP Kuiper, Department of Surgery, Spaarne Hospital, 
2134 TM, Hoofddorp, The Netherlands
Robin Tjeenk Willink, Sascha Colen, Department of Orthopae-
dic Surgery, University Hospitals Leuven, 3212 Leuven, Belgium
Dirk Jan F Moojen, Michel PJ van den Bekerom, Department 
of Orthopaedic Surgery and Traumatology, Onze Lieve Vrouwe 
Gasthuis, 1091 AC, Amsterdam, The Netherlands
Sascha Colen, Department of Orthopedic Surgery and Trauma-
tology, Sint Bonifatius Hospital, 49808 Lingen, Germany
Author contributions: Kuiper JWP, van den Bekerom MPJ and 
Colen S designed the study; all authors performed research, wrote 
the manuscript and revised the manuscript
Correspondence to: Jesse WP Kuiper, MD, Center for Orthopae-
dic Research Alkmaar, Medical Center Alkmaar, Wilhelminalaan 
12, 1815 JD, Alkmaar, The Netherlands. jwp.kuiper@gmail.com
Telephone: +31-72-5482503  Fax: +31-72-5482168
Received: January 6, 2014      Revised: April 28, 2014 
Accepted: May 31, 2014
Published online: November 18, 2014 

Abstract
Periprosthetic joint infection (PJI) is a devastating com-
plication after total joint arthroplasty, occurring in ap-
proximately 1%-2% of all cases. With growing popula-
tions and increasing age, PJI will have a growing effect 
on health care costs. Many risk factors have been iden-
tified that increase the risk of developing PJI, includ-
ing obesity, immune system deficiencies, malignancy, 
previous surgery of the same joint and longer operating 
time. Acute PJI occurs either postoperatively (4 wk to 3 
mo after initial arthroplasty, depending on the classifi-
cation system), or via  hematogenous spreading after a 
period in which the prosthesis had functioned properly. 
Diagnosis and the choice of treatment are the corner-
stones to success. Although different definitions for 
PJI have been used in the past, most are more or less 
similar and include the presence of a sinus tract, blood 
infection values, synovial white blood cell count, signs 
of infection on histopathological analysis and one or 

more positive culture results. Debridement, antibiotics 
and implant retention (DAIR) is the primary treatment 
for acute PJI, and should be performed as soon as pos-
sible after the development of symptoms. Success rates 
differ, but most studies report success rates of around 
60%-80%. Whether single or multiple debridement 
procedures are more successful remains unclear. The 
use of local antibiotics in addition to the administration 
of systemic antibiotic agents is also subject to debate, 
and its pro’s and con’s should be carefully considered. 
Systemic treatment, based on culture results, is of im-
portance for all PJI treatments. Additionally, rifampin 
should be given in Staphylococcal PJIs, unless all for-
eign material is removed. The most important factors 
contributing to treatment failure are longer duration 
of symptoms, a longer time after initial arthroplasty, 
the need for more debridement procedures, the reten-
tion of exchangeable components, and PJI caused by 
Staphylococcus  (aureus  or coagulase negative). If DAIR 
treatment is unsuccessful, the following treatment op-
tion should be based on the patient health status and 
his or her expectations. For the best functional out-
come, one- or two-stage revision should be performed 
after DAIR failure. In conclusion, DAIR is the obvious 
choice for treatment of acute PJI, with good success 
rates in selected patients.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Acute periprosthetic joint infection (PJI) is a 
major complication after total joint arthroplasty, and 
occurs either postoperatively or via hematogenous 
spreading. Debridement, antibiotics and implant re-
tention (DAIR), the primary treatment for acute PJI, 
should be performed as soon as possible after the de-
velopment of symptoms, and has success rates around 
60%-80%. Whether single or multiple debridement 
procedures are more successful remains unclear. Sys-

REVIEW

Online Submissions: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.5312/wjo.v5.i5.667

667 November 18, 2014|Volume 5|Issue 5|WJO|www.wjgnet.com

World J Orthop  2014 November 18; 5(5): 667-676
ISSN 2218-5836 (online)

© 2014 Baishideng Publishing Group Inc. All rights reserved.



temic treatment, based on culture results, is important 
for all PJI treatments. Various factors for treatment 
failure can be identified. For acute PJI, DAIR has good 
success rates, especially in selected patients.
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INTRODUCTION
With an average infection rate of  approximately 1%-2%, 
periprosthetic joint infection (PJI) is a relatively frequent 
and devastating complication after performing joint ar-
throplasty[1,2]. It is especially debilitating for patients, as it 
requires prolonged hospitalization and often multiple sur-
gical procedures. Besides the clinical impact of  PJI, there 
is a high economic impact with tremendously increased 
health care costs[3]. With a rising population and overall 
increasing age, the number of  total hip arthroplasties 
performed are expected to increase significantly thereby 
having a growing effect on the number of  PJIs and, sub-
sequently, on overall health care costs[4].

Most PJIs are caused by intra-operative contamina-
tion and cause either early or delayed infection[1]. He-
matogenous seeding is less common, and is most often 
seen years after the initial arthroplasty[2,5]. Although these 
types of  infection have a different pathogenesis, both 
early postoperative and hematogenous infection usu-
ally have an acute onset and, therefore, both attribute to 
“acute infection”, based on similar symptoms and treat-
ment options[6]. Chronic late infections are usually caused 
by less virulent microorganisms, and although these are 
also thought to occur from intraoperative contamination, 
symptoms develop very slowly. Therefore, patient com-
plaints are often similar to those seen in aseptic arthro-
plasty loosening[2,7].

Although recent guidelines published by Osmon et al[2] 
have provided some directive, classification of  acute PJI 
remains difficult in borderline cases. For early postopera-
tive PJI, the period after initial arthroplasty is reported, 
in literature, as being between 0-4 wk[5] and 0-3 mo[1]. 
For acute hematogenous infections, the (vague) defini-
tion encompasses acute symptoms in “a previously well-
functioning prosthesis”, which can occur at any time 
postoperatively[2,5,8].

Micro-organisms causing PJI are mainly Staphylococcus 
aureus and coagulase negative Staphylococcus, accounting 
for up to half  or even three quarters of  the infections[9,10]. 
Other micro-organisms responsible include Streptococcus 
species, Enterococcus species, and gram negative bacte-
ria[9,10]. The microbiological profile for acute vs chronic 
PJI is reported by only a limited number of  authors, and 
shows that acute PJI is more often caused by S. aureus 

and Streptococcus species[5,11-13]. In comparison, chronic 
infections are more often caused by coagulase negative 
Staphylococcus and Propionibacterium acnes[5,11-13].

In this review we will focus on acute PJI, both early 
postoperative as well as acute hematogenous PJI, after 
an initial symptom free period in which the arthroplasty 
functioned properly. First we will clarify the definition 
of  these infections. Which diagnostic tools can be used? 
Which risk factors are associated with developing PJI? 
Which micro-organisms are a predominant cause of  
acute PJI? What kind of  treatment options exist and 
what is the outcome of  each of  these treatment options? 
Finally we will discuss the risk factors associated with 
failure of  these treatments.

DEFINITION OF A PROSTHETIC JOINT 
INFECTION 
Several definitions of  PJI have been used in the past de-
cades. The Workgroup of  the Musculoskeletal Infection 
Society published a well restricted definition[14]. In their 
definition the diagnosis of  PJI can be made if: (1) there is 
a sinus tract communicating with the prosthesis; or (2) a 
pathogen is isolated by culture from at least two separate 
tissue or fluid samples obtained from the affected pros-
thetic joint. 

In patients presenting without such clear indications 
four of  the following six criteria have to be present to 
prove the presence of  PJI: (1) elevated serum erythrocyte 
sedimentation rate (ESR) and serum C-reactive protein 
(CRP) concentration; (2) elevated synovial leukocyte 
count; (3) elevated synovial polymorphonuclear neutro-
phil percentage (PMN%); (4) presence of  purulence in 
the affected joint; (5) isolation of  a microorganism in 
one culture of  periprosthetic tissue or fluid; and (6) more 
than five neutrophils per high-power field in five high-
power fields observed from histological analysis of  peri-
prosthetic tissue at × 400 magnification.

Other authors have described similar definitions, of  
which some are used more frequently, either directly or 
slightly adapted[5,15,16]. There are yet other studies which 
use a less well-contained definition, for example only 
mentioning the diagnosis (“staged revision for septic loos-
ening”)[3], or mentioning only  that the diagnosis was made 
based on several laboratory values and culture results[17]. 

DEFINITION OF ACUTE, LATE CHRONIC 
AND ACUTE LATE PJI
Two classification systems are most often used to de-
termine whether or not there is an acute, late chronic or 
acute late PJI. Tsukayama et al[5] suggested a system which 
divides the occurrence of  infection into four groups: pos-
itive intra-operative cultures (at time of  implantation of  
the prosthesis), early postoperative infection (< 4 wk), late 
chronic (> 4 wk, indolent onset), and acute hematogenous 
(acute onset). This system was adapted by Toms et al[18] to 
early postoperative (type Ⅰ, acute, < 6 wk), chronic (type 
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Ⅱ, chronic, indolent onset) and acute hematogenous (type 
Ⅲ, acute onset in a well-functioning prosthesis, second-
ary to hematogenous spread). The other commonly used 
classification, proposed by Zimmerli et al[1], defines the 
PJIs as early (occurring within 3 mo postoperatively), de-
layed (3-24 mo) and late (> 24 mo).

Parvizi et al[19] also mentioned a period of  3 mo af-
ter performing arthroplasty as the cutoff  to determine 
whether the infection can be regarded as being acute or 
not, however, they referred to an article only including 
patients undergoing aspiration within 6 wk postopera-
tively[20].

DIAGNOSIS
Classical cornerstones of  PJI diagnosis are, as for any 
disease, a thorough patient interview and physical exami-
nation. This includes evaluation of  the patient’s history 
and comorbidities, medication use, postoperative wound 
problems and duration of  infectious symptoms[2]. 

In addition to this, different diagnostics, such as infec-
tion parameters in the patient’s blood (ESR and CRP), 
pre-operative joint aspiration results (cell count, cell dif-
ferentiation and culture) and intra-operative tissue and 
fluid culture results are equally important in order to de-
termine the diagnosis of  PJI[2,14].

Blood analysis
Blood leukocyte count is unable to differentiate between 
the absence or presence of  PJI[1]. ESR and CRP have a 
more discriminating ability, and ESR higher than 30 mm/
h, and CRP higher than 10 mg/L are suggestive for the 
presence of  PJI[14]. However, shortly after surgery (such 
as in early infections), these parameters generally remain 
elevated for a prolonged period (30-60 d)[14]. Thus, a sin-
gle high value is difficult to interpret, and serial measure-
ments are recommended to aid in diagnosing PJI[1]. 

Several other serum markers have been studied for 
this purpose, such as interleukin-6. Studies have shown 
promising results, with high sensitivity and very high spe-
cificity, but it has not yet been included in recently pub-
lished guidelines[2,21,22].

Pre-operative joint aspiration
When PJI is suspected, preoperative aspiration is recom-
mended in almost all cases, the exceptions being when it 
will not change further choice of  treatment (e.g., presence 
of  a sinus tract), and when the diagnosis (including the 
causative microorganism) has already been established[2]. 
The synovial fluid should be sent for culture, cell count 
and differentiation, for the determination of  the percent-
age polymorphonuclear leukocytes.

Gram staining has a limited role in PJI diagnosis ac-
cording to most authors[23-26]. Despite the fact that its 
specificity and positive predictive value are high, false 
positive results have also been mentioned. Furthermore, 
with a sensitivity of  20%, many PJIs are missed[23-26].

Recent studies have focused on two new synovial 

fluid diagnostics including synovial CRP levels[27,28] and 
the use of  leukocyte esterase strips (also used to diagnose 
urinary tract infections)[27-29]. These diagnostics appear 
to be promising in the diagnosis of  PJI, but are not yet 
widespread. 

Intra-operative samples
For the definitive diagnosis of  PJI, multiple intra-opera-
tive samples should be obtained. It is recommended that 
between 4 to 6 samples should be sent for bacterial cul-
turing[2]. The incubation period should be at least 7 d, but 
preferably 14 d[30]. The samples should be tissue samples 
or samples obtained from dislodging the bacterial biofilm 
from the prosthetic parts[2]. For dislodging, sonication is 
the preferred method[31]. Scraping the biofilm from the 
foreign material has a lower yield of  micro-organisms[32]. 
A relatively new but promising method is the use of  
dithiothreitol (DTT), an agent that has the ability to 
dislodge bacteria while also keeping them alive[33]. In ad-
dition to the culture samples, it is recommended that at 
least one sample is sent for histopathological determina-
tion of  acute inflammation[2]. For a positive result, the 
average presence of  1 or more neutrophil polymorphs 
per high power field in at least 10 high power fields is re-
quired[34]. 

RISK FACTORS FOR (ACUTE) PJI
Considering the substantial incidence of  PJI it is impor-
tant to recognize certain risk factors associated with the 
development of  such an infection (risk factors associ-
ated with debridement, antibiotics and implant retention 
(DAIR) treatment failure will be discussed further on in 
this review). 

Chen et al[35] performed a meta-analysis regarding risk 
factors for total knee arthroplasties. Patient related fac-
tors that increase PJI risk include high body mass index 
(> 30), diabetes mellitus, hypertension, steroid use and 
rheumatoid arthritis. Everhart et al[36] support these risk 
factors and found that revision surgery, tobacco abuse, 
MRSA colonization and infection and (a history of) bone 
cancer also play an essential role in PJI development. 
They claim, however, that super obesity (i.e., A BMI > 
50) is a critical risk factor. Choong et al[15] found that 
there is a direct correlation between a BMI ≥ 30 and an 
increased risk of  infection. This correlation also exists if  
there are  more than 2 co-morbidities present.

According to Liabaud et al[37] there is a significant, 
linear correlation between BMI and operating time which 
is in line with Willis-Owens’s results claiming that “pro-
longed operating time and male gender are associated 
with an increased incidence of  infection”[38]. Luessenhop 
et al[39] also found that a patient diagnosed with rheu-
matoid arthritis (and subsequent use of  steroids) has a 
greater risk for developing PJI. 

Berbari et al[40] showed that a patient with a system 
surgical patient risk index score of  1 or 2, the presence 
of  a malignancy, and a history of  joint arthroplasty are 
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Single vs multiple debridement procedures
Different strategies regarding debridement surgery can 
be divided into either performing only one debridement, 
single debridement with repeat surgery on indication, or 
standard repeated debridement procedures[49]. Tradition-
ally, when only local antibiotic cement beads were used, 
especially popular in Europe, the strategy of  multiple 
debridements was necessary, because these beads always 
had to be removed again after initial insertion. However, 
when using resorbable local antibiotic carriers or no lo-
cal antibiotics, a single debridement might be a sufficient 
alternative. Although the authors do not specifically men-
tion it in their publication, in the Zimmerli algorithm a 
single open debridement seems to be favored as well[1].

Two studies on combined groups of  total hip and 
knee patients suggest that a repeat debridement on indi-
cation increases the infection eradication rate compared 
to a single debridement[6,50]. There are also two studies 
that show good results using the strategy of  routine mul-
tiple debridements[51,52]. Unfortunately, to date, no com-
parative studies between different strategies are available 
and therefore no hard recommendations regarding which 
one to use can be made. For every strategy different stud-
ies are published with results ranging from poor to excel-
lent (21% to 90% success rate)[49,52-54]. All of  them are 
retrospective case-series, which are often quite heteroge-
neous regarding inclusion, exact treatment and outcomes.

Local antibiotic treatment 
Carriers for local antibiotic release include antibiotic load-
ed bone cement (polymethylmethacrylate, PMMA), beads 
and dissolvable sponges[55]. The rationale for using local 
antibiotic treatment is to achieve a high local concentra-
tion of  antibiotic agents, thereby killing the causative 
microorganism, without the side-effects of  high systemic 
concentrations.

Beads are usually loaded with gentamicin, but vanco-
mycin and tobramycin are also used. The beads are most 
often fabricated in chains of  30 beads. Locally, concen-
trations of  around 300 µg/mL are achieved, far above 
minimum inhibitory concentration (MIC) values for most 
micro-organisms[55-57]. A disadvantage of  antibiotic beads 
is the additional removal surgery that is necessary, and their 
capability of  forming a foreign body on which a biofilm 
can develop, after the antibiotic release (10-14 d)[57]. Their 
use in DAIR treatment has been reported in a few studies, 
with relatively high success rates. Tsukayama et al[5] (n = 20, 
success 75%), Tintle et al[58] (n = 9, 100% success), Estes 
et al[51] (n = 20, 90% success), and Geurts et al[59] (n = 89, 
83% success). Kuiper et al[53] also mentioned a subgroup 
treated with beads, albeit with lower success rates (n = 12, 
33% success). 

Gentamicin loaded collagen sponges, which are dis-
solvable, do not need removal surgery. Due to the quick 
expansion of  the collagen, when water is added, the 
release of  gentamicin is fast, resulting in a very high lo-
cal antibiotic concentration in the first hours, up to 3800 
µg/mL[55,60]. The addition of  hydrophobic gentamicin salt 
(gentamicin crobefat) has shown a longer release pattern, 

also risk factors. 

TREATMENT
For acute infections with a stable implant and adequate 
soft tissue mass, the latest guidelines recommend implant 
retention treatment (also referred to as DAIR: debride-
ment, antibiotics and implant retention) for PJI occurring 
within 30 d after arthroplasty, or with less than 3 wk of  
symptoms[2]. Osmon et al[2] noticed that DAIR may be 
used in patients who do not meet these criteria, but state 
that worse results can then be expected.

When patients do not meet the criteria to undergo 
DAIR treatment, revision surgery is the preferred treat-
ment, either in one stage (when tissue quality and micro-
organism susceptibility allow for direct exchange) or 
in multiple stages. Mere medical treatment should be 
reserved for patients in whom surgery is not the most 
preferred option or when it is medically irresponsible. 
Resection arthroplasty (without reimplantation), arthrod-
esis and amputation are options for difficult to treat and 
chronic PJI, and these treatment options only very rarely 
have a role in acute PJI cases[1,2].

DAIR
DAIR treatment is probably the most widely performed 
initial treatment option for acute PJI, although the exact 
data on the number of  such procedures performed is yet 
unknown. When acute PJI is suspected (or confirmed by 
the previously mentioned criteria) a debridement proce-
dure should be performed as soon as possible, meanwhile 
keeping in mind that patient health optimization should 
also be maintained. For example, it has been seen that 
factors such as hyperglycemia and malnutrition adversely 
affect outcome after total joint surgery[41,42]. 

The procedure includes acquiring multiple tissue sam-
ples, excessive debridement and removal of  all infected 
(and necrotic) tissue, exchange of  modular components 
and extensive irrigation[2,6]. Compared to arthroscopic 
washout, DAIR is associated with higher success rates: 
Byren et al[43] reported a success rate of  47% for ar-
throscopic washout, vs 88% for open washout, with a 
hazard ratio of  5.4. Retention of  modular components is 
also associated with a higher failure risk. A recent study 
including hip and knee arthroplasties showed higher suc-
cess rates for exchange of  modular components: 59% for 
exchange vs 44% for retention (HR = 1.54)[44]. Another 
study showed 53% success for exchange vs 0% success 
for retention of  modular parts for infected knee arthro-
plasties[45].

Success rates of  DAIR treatment in general also show 
a great variety. Most small studies report success in ap-
proximately 60%-80% of  the cases, but these are selected 
groups. When looking at cohorts with more than 100 pa-
tients (including both hip and knee PJI), success rates lie 
between 31% and 78% (Table 1). A recent meta-analysis 
showed a combined success rate of  46% for DAIR with 
one debridement procedure (n = 710), and 52% for mul-
tiple procedures (n = 175)[49]. 
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resulting in high concentrations (approximately 1000 µg/
mL) for the first 40 h. Up to 3-5 sponges can be used in 
patients, without reaching toxic serum concentrations[61]. 
A disadvantage of  gentamicin sponges might be pro-
longed and increased wound secretion[59] The clinical suc-
cess rate of  antibiotic loaded sponges in DAIR treatment 
for hip PJI has only been reported in one retrospective 
study, with a success rate of  70%[62]. 

Local continuous irrigation with an antibiotic pump 
or catheter is another option for local delivery. Its main 
advantage is that the agent can be changed, as well as the 
fact that it drains the intra-articular fluid. However, the 
burden for the patient is very high[63]. Reported success 
rates vary from 18%-85%[63-66].

Systemic antibiotic treatment
In general, to eradicate PJI, both surgical and medical 
treatments are necessary[1,2]. Antibiotic treatment is rec-
ommended in all cases, and involves systemic adminis-
tration of  one or more antibiotic agents, based on the 
microorganism causing the PJI, for a period of  at least 
three months[2]. Usually, in the first two to six weeks of  
treatment, antibiotics are administered intravenously, to 
achieve a better penetration of  periprosthetic tissues, 
and thus a higher local concentration. Depending on the 
culture results, the intravenous administration might be 
switched to oral administration. This is a possibility if  the 
microorganism is susceptible to an agent which reaches 
high tissue concentrations upon oral intake[2].

Culture results are the leading factor when choosing 
the appropriate antibiotic agent. Zimmerli et al[1] already 
described a medical treatment protocol in 2004, point-
ing out the best (combination of) antibiotic agents per 
causative organism. This algorithm was adapted by recent 
guidelines, with the addition of  several newer antibiotics, 
such as daptomycin for Staphylococcal or Enterococcal 
PJI[2]. None of  the two studies make a distinction be-
tween joints involved[1,2].

All recommendations are based on the knowledge 
of  the causative microorganism. What to do when PJI is 
suspected, but culture results are not yet known, is not 
mentioned in the guidelines. Only one study provides a 
treatment algorithm for empirical antibiotic therapy[67]. 

They advise the use of  vancomycin for acute PJI caused 
by an unknown microorganism, and to switch to carbap-
enem if  gram-negative bacteria are found[67]. Another 
study, on culture negative PJI, mentioned the parenteral 
use of  cefazolin in 69%, and vancomycin in 13% of  cul-
ture negative cases, but this is a selected group, with many 
patients that were already treated with antibiotics prior to 
surgical treatment[68].

In almost all cases of  DAIR, the addition of  rifampin 
is useful. Rifampin is thought to penetrate the biofilm, 
and is recommended in all cases of  Staphylococcal PJI 
treated with DAIR[1,2]. Several studies describe the success 
rates of  a regimen including rifampin[15,69-71], but only one 
prospective clinical study has been  performed, which 
also observed higher success rates when rifampin was 
added to the antibiotic regimen[72]. Another, more recent 
study, compared a prospective rifampin group with a 
retrospective rifampin and a retrospective non-rifampin 
group[73]. They found higher success rates with the use of  
rifampin, but the groups were small, and included more 
knee rather than hip PJI. Despite the limited evidence, 
the use of  additional rifampin is recommended in the 
most recent guidelines[2].

RISK FACTORS FOR DAIR TREATMENT 
FAILURE
Several studies mention risk factors associated with a 
higher chance of  treatment failure. PJI caused by a Staph-
ylococcus infection is the most well documented and influ-
ential risk factor. Azzam et al[6] state that any Staphylococcus 
infection, high American Society of  Anesthesiologists 
score and intra-articular purulence, contribute to a sub-
stantial increase in failed treatments. They state that when 
“none or only one of  these risk factors was present, a 
success rate of  at least 67% was attainable”. Vilchez, 
Choi and Deiermengian all specifically mention S. aureus 
as being much more virulent than other micro-organisms 
(possibly due to their biofilm production) and having a 
significant, negative influence on treat outcome[45,74,75]. 
Peel et al[76] specifically state MRSA infections as leading 
to a significant decrease in treatment success whereas 
Kuiper et al[53] report that coagulase negative Staphylococcus 

  Ref. Type Selection n  Hip Knee Other Success Success rate Mean fup 
(m)

  Azzam et al[6] Retrospective cohort - 104 51   53 -   46 44% 68
  Odum et al[17] Retrospective cohort - 150 53   97 -   46 31% n.m.1

  Byren et al[43] Retrospective cohort - 112 52   51   9   92 82% 27
  Lora Tamayo et al[44] Retrospective cohort Staphylococcus aureus PJI 345 146 195   4 199 55% n.m.
  Cobo et al[46] Prospective cohort Early infections (< 30 d) 117 69   53 17   67 57% 24
  Buller et al[47] Retrospective cohort - 309 62 247 - 160 52% 34
  Koyonos et al[48] Retrospective cohort - 138 60   78 -   48 35% 54
  El Helou et al[73] Prospective cohort compared to 

2 retrospective cohorts
Staphylococcal PJI 101 40   61 -   69 68% 12

  Tornero et al[81] Retrospective cohort Staphylococcal PJI 106 39   67 -   81 76% 46

Table 1  Characteristics of studies on debridement antibiotics and implant retention treatment with over 100 patients

1Minimum 2 yr, n.m.: Not mentioned; PJI: Periprosthetic joint infection.
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resulting from PJI.
In the majority of  the studies, after DAIR failure, 

most patients were treated with two-stage revision, but 
one-stage revision, resection arthroplasty without reim-
plantation and chronic suppression with antibiotics were 
described as well[15,16,52,62,83-85].

One-stage and two-stage revisions are preferred if  
function and eradication are important, but the patient 
must then endure one or more additional elaborate sur-
gical procedures. For knee PJI, two studies suggest that 
two-stage procedures may have worse results if  DAIR 
already has been attempted[86,87], but this has not yet been 
described for hip PJI. If  patient health status is poor, or 
his or her expectations are not high, an acceptable situa-
tion may be achieved with resection arthroplasty (Girdle-
stone arthroplasty) or the use of  chronic suppressive 
antibiotics[2].

The choice of  treatment after DAIR failure in the 
abovementioned cohorts was based on individual patient 
characteristics, if  mentioned[15,62]. The recent IDSA (In-
fectious Diseases Society of  America) guidelines advise 
individual judgment in all cases, but endorse the use of  
treatment algorithms when DAIR has failed, since it has 
been proven that their use increases treatment success[2]. 
Unfortunately, the current algorithms do not offer help 
after the initial treatment choice[1,2,88,89]. If  the symptoms 
remain and the tissue status progressively worsens, it 
may be possible to move down the algorithm thereby 
choosing an alternative treatment plan. However, in our 
opinion, it is much more important to choose a treatment 
method that fits the patient’s and the doctor’s expecta-
tions in regard to revalidation time, mobility of  the pa-
tient and the chance of  PJI eradication. 

DISCUSSION
This review is intended to provide a concise summary 
of  all the currently available literature regarding acute 
periprosthetic joint infections. The various classifications, 
definitions and diagnostic tools used to make the diagno-
sis of  PJI, as well as the use of  DAIR were collected and 
analysed in order to provide a series of  solid treatment 
recommendations. 

The initial difficulty researchers and clinicians face is 
how to properly make the correct diagnosis. Patient in-
terview and physical examination, together with a blood 
analysis, pre-operative joint aspiration and intra-operative 
samples are of  equal importance and must all be em-
ployed. Despite the fact that different authors use differ-
ent criteria, in general all of  these criteria and definitions 
are useful. The exact definition and cut-off  of  an acute 
infection remains unclear, however, due to the fact that 
some authors claim this be less than 4 wk whereas other 
implement less than 6 wk or even less than 3 mo. Litera-
ture remains unclear whether a period of  3 mo has worse 
outcome than 4 wk.

Most of  the risk factors for developing PJI are the 
same as the risk factors associated with DAIR treatment 
failure. A BMI of  more than 30 kg/m2, MRSA and the 

PJI has a higher risk of  failure. Martínez-Pastor et al[77] 
claim that a fluoroquinolone susceptible mico-organism 
leads to a better chance of  treatment success. This is in 
line with Jaén et al[78] who claim fluoroquinolone resistant 
bacteria to being risk factors for failure.

Another important risk factor appears to be the num-
ber of  debridement procedures necessary, although the 
exact cut-off  number varies. Vilchez et al[74] and Lora-
Tamayo et al[44] state that the need for ≥ 2 debridements 
leads to an increased likelihood of  failure, whereas Peel et 
al[76] set this number at > 4. Specifically in knee PJI, lack 
of  component exchange together with a S. aureus infec-
tion leads to much lower infection control rates, accord-
ing to Choi et al[45]. Lora-Tamayo confirm the importance 
of  component exchange, stating that this “is an indepen-
dent predictor of  (treatment) success”[44].

The duration of  the presenting symptoms and the 
time after initial surgery are also important contributors 
to treatment success, or failure. Some studies state that 
treatment outcomes decline when the patients undergo 
a debridement a mere > 2 d after onset of  symptoms[79], 
whereas other studies claim the cutoff  is at 7 d[53], 21 d[47] 
or even 28 d[62,80]. The time after index surgery showed an 
even greater scope, ranging from 15 d[81] to two years[82].

A patient’s BMI and the presence of  co-morbidities 
was only statistically significant in one study; Choong 
states that a BMI > 30 and having > 2 co-morbidities are 
substantial risk factors[15]. Buller et al[47] and Byren et al[43] 
both claim having a history of  infection of  the same joint 
as being associated with treatment failure. Byren et al[43] 
also state arthroscopic washout as a risk factor. A higher 
ESR is a potential risk factor[47], whereas a lower preoper-
ative CRP, of  ≤ 15mg/dL, leads to a better outcome[77]. 
Lora-Tamayo et al[44] confirm this, stating that the degree 
of  complexity of  the infection (polymicrobial, bactere-
mic, or presenting with high CRP levels) and immunosup-
pression were independent predictors of  failure. Kuiper et 
al[53] also state rheumatoid arthritis as a significant risk factor. 

OUTCOME AFTER DAIR FAILURE
As described above, DAIR treatment for PJI has a suc-
cess rate of  approximately 70%, which may even be high-
er in selected patients, e.g., those with a shorter duration 
of  symptoms and without co-morbidities. The use of  
multiple debridement procedures remains up for discus-
sion. 

The definition of  DAIR treatment failure, just like 
the PJI definition, is not uniformly well described in the 
literature. Most studies do, however, consider DAIR as 
having failed when one or more of  the following criteria 
are met after both surgical and medical treatment[15,62,52,83]: 
(1) presence of  local or systemic infectious symptoms; 
(2) laboratory signs suggesting presence of  PJI (e.g., CRP 
higher than normal laboratory values, usually 5 or 10 
mg/L); (3) the use of  chronic suppressive antibiotics;  (4) 
signs of  loosening on radiography; (5) positive intraop-
erative culture result in a subsequent procedure; (6) if  the 
arthroplasty has been resected or replaced; or (7)  death, 
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presence of  multiple co-morbidities put all patients at 
an extra risk, for both infection development and subse-
quent treatment failure. However, there are some specific 
risk factors for failure of  DAIR, like the number of  de-
bridements and the time between presenting symptoms 
and initial surgery. The sooner the DAIR is carried out, 
the better.

   DAIR (with modular component exchange) remains 
the preferred initial treatment choice, before one- and 
two stage revisions, mostly due to its less invasive char-
acter. Unfortunately DAIR has a lower success rate than 
one- and two-stage revision, respectively 70% vs higher 
than 90%[90]. There is no consensus regarding the optimal 
number of  debridements necessary. 

The use of  local treatments such as beads, cement 
and sponges loaded with antibiotics appear to be prom-
ising, though only a handful of  studies have been pub-
lished, all of  which analysed a relatively small patient 
population. 

Systemic antibiotic treatment is complementary to 
surgical treatment. The antibiotic used for PJI is based 
on the acquired culture results, potentially combined 
with rifampin in the case of  a Staphylococcal infection. 
However, too few studies have been published regarding 
the choice of  antibiotics when the cultures are not yet 
known. Vancomycin appears to be a possible antibiotic 
option though a definite recommendation cannot be 
made. The duration of  antibiotic administration is cur-
rently reported to be three months[1,2]. If  the PJI cannot 
be eradicated using minimally invasive approaches, one- 
and two stage revisions are eventually the preferred treat-
ment.

Despite many studies providing information about 
PJI, much evidence is missing. In order to provide stron-
ger scientific evidence additional multicenter prospective 
and randomized trials must be carried out, using a single, 
uniformly agreed upon definition of  APJI based upon 
equal criteria and diagnostic tools.
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