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Background and purpose — The long-term results of the 
1- or 2-stage revision procedure and infection-free prosthesis 
survival in a tertiary referral center are unknown. In this ret-
rospective observational study, the long-term results of infec-
tion control and infection-free prosthesis survival of the peri-
prosthetic joint infection-related 1- and 2-stage revision pro-
cedure are evaluated. Furthermore, the merits of performing 
an antibiotic-free window in the 2-stage revision is evaluated.

Patients and methods — All patients who received a 
1- or 2-stage revision procedure of the hip or knee between 
2010 and 2017 were included. Data was collected on patient 
and infection characteristics. The primary treatment aim 
was successful infection control without the use of antibi-
otic therapy afterwards. Infection-free survival analysis was 
performed using the Kaplan–Meier method with type of 
periprosthetic joint infection-related revision as covariate. 
Within the group of 2-stage revisions, use of an antibiotic-
free window was selected as covariate.

Results — 128 patients were treated for a periprosthetic 
joint infection-related revision procedure (81 hips and 47 
knees). Successful infection control was achieved in 18 of 21 
cases for the 1-stage and 89 out of 107 cases for the 2-stage 
revision procedure (83%) respectively after follow-up of 
more than 4 years. In addition, 2-stage revision procedure 
infection control was achieved in 52 of 60 cases with an anti-
biotic-free interval and 37 of 45 cases without such interval 
(p = 0.6). The mean infection-free survival of the 1-stage 
revision was 90 months (95% CI 75–105) and 98 months (CI 
90–106) for the 2-stage revision procedure.

Interpretation — There seems to be no difference in 
infection control and infection-free survival between the 1- 

and 2-stage revision procedure. Second, an antibiotic-free 
window in the case of a 2-stage revision did not seem to 
influence treatment outcome. However, one must be cautious 
when interpreting these results due to confounding by indi-
cation and the small study population. Therefore, no definite 
conclusion can be drawn.

The incidence of periprosthetic joint infection after primary 
arthroplasty ranges from 1% to 2% (1). The outcome of PJI 
treatment is often not dichotomous but, rather, a gradient of 
outcomes that can be divided into 4 tiers (2). Tier 1 is consid-
ered to be the most successful and describes infection control 
with no antibiotic therapy. Tier 2 includes infection control 
with the patient being on suppressive antibiotic therapy. Tier 
3 is where revision surgery or amputation is required after 
PJI treatment. Finally, tier 4 involves fatality. Surgical treat-
ment options for chronic PJI revision arthroplasty include a 
1- or 2-stage revision procedure. 2-stage revision is the most 
frequently used treatment. However, the 1-stage revision pro-
cedure has increasingly been advocated because of outcomes 
comparable with the 2-stage revision (3,4). In a 2-stage revi-
sion procedure, there is no consensus on the proper length of 
antibiotic therapy and whether an antibiotic-free window may 
benefit treatment outcome (5,6).

We evaluated the long-term results of PJI-related 1-stage 
and 2-stage revision procedures. The secondary aim is to eval-
uate whether the use of an antibiotic-free period in a 2-stage 
revision affects treatment outcome.
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Patients and methods

In this retrospective cohort study, all patients treated with 
revision surgery of the hip or knee between January 2010 and 
January 2017 were included. Patients who fulfilled the MSIS 
criteria 2014 were considered to have a septic infection (7). 
This entails obtaining 2 positive cultures of the same microor-
ganism or determining the existence of a communicating sinus 
tract. Elevated ESR, CRP, synovial leucocyte count, synovial 
neutrophils percentage, and a single positive culture result 
were seen as minor criteria. Cases that did not comply with 
the aforementioned criteria were marked as MSIS-negative 
infections. The follow-up period was calculated as the time 
interval between the date of the definitive revision procedure 
till failure of treatment, death, or May 2020. 

As suggested by the Musculoskeletal Infection Society 
workgroup, the primary treatment aim after revision for PJI 
was tier 1 infection control based on the outcome-reporting 
tool (2). In this regard, no use of antibiotic therapy was 
considered as a successful outcome. Reasons to stop anti-
biotic therapy were, e.g., the absence of clinical signs such 
as pain, swelling, and erythema and radiological signs such 
as loosening or laboratory signs such as CRP (> 10 mg/L). 
Tier 2 or higher infection control based on the aforemen-
tioned outcome-reporting tool was considered as a failure 
of treatment.

Patient characteristics
Medical charts were examined for characteristics such as age, 
sex, BMI, ASA class, smoking or alcohol use, comorbidities, 
and soft tissue involvement. Data on previous orthopedic 
treatments in the referring hospitals was retrieved from the 
referral letters. 

Prosthesis and periprosthetic joint infection charac-
teristics
PJI characteristics include type of joint, type of revision pro-
cedure, type of infection (septic infection or MSIS-negative 
infection), and soft tissue involvement. 

The joint age is defined as the time interval between primary 
arthroplasty and PJI-related revision procedure. The infection-
free survival of the prosthesis was defined as the time between 
reimplantation of the prosthesis until the end of the follow-up 
period, without recurrence of infection. 

 Type of infection, grading of host, and local infection site 
were evaluated according to Cierny, McPherson and Zimmerli 
classification systems (8-10). 

Microbiology characteristics
Microbiology characteristics include tissue cultures for micro-
biological diagnostics. Special emphasize was made for diffi-
cult-to-treat microorganisms (1,11,12). The length of antibiotic 
treatment within the interval of stages for a 2-stage revision 

and length of postoperative antibiotic treatment were calcu-
lated. Preoperative antibiotics were defined as therapeutic 
antibiotics continued during perioperative sampling.

Surgical treatment and procedure
A 1-stage revision consists of removing the infected prosthe-
sis, and meticulous debridement and irrigation of the joint 
space, followed by reimplantation of a hip or knee prosthesis 
during the same procedure. A 2-stage revision consists of 2 
separate surgical interventions. During the first procedure, the 
infected prosthetic joint is removed along with all the mate-
rial suspected to be infected, the joint is extensively debrided 
and irrigated, and an antibiotic-loaded spacer is implanted. 
The last stage of the 2-stage procedure is performed after 
6–8 weeks. During this period, 45 patients were treated with 
antibiotics until reimplantation, in contrast to 60 patients who 
had an antibiotic-free period in the last 2 weeks of this inter-
val. During the last stage of the 2-stage procedure the spacer 
is removed, the surgical site is again debrided and irrigated, 
and a hip or knee prosthesis is then reimplanted. A change of 
antibiotic protocol was practiced because the main consensus 
concerning the effectiveness of the antibiotic-free period was 
deemed to be questionable.

For both types of revision procedures, at least 5 intraop-
erative tissue, fluid, and sonication fluid samples were taken 
for microbiological diagnostics. Vancomycin or cefazolin-
was given as broad-spectrum antibiotic prophylaxis until the 
pathogen was identified and targeted antibiotic therapy could 
be started. The postoperative antibiotic treatment was deter-
mined in consultation with the microbiologist and adjusted, 
based on the perioperative culture results. The duration of 
antibiotic treatment after a second-stage procedure was depen-
dent on the outcome of the culture results. When the culture 
results were negative after reimplantation, an additional 6 
weeks of antibiotic treatment was prescribed. When culture 
returned a positive result, antibiotic treatment was prolonged 
until 3 months after reimplantation. The length of antibiotic 
treatment after a 1-stage revision was 3 months regardless of 
culture results. In addition, PJIs with fungal pathogens were 
treated with antimycotic therapy for a duration of 1 year or 
lifelong according to hospital protocol.

The indication for the 1-stage or 2-stage revision proce-
dure was set according to the consensus statement as per the 
Proceedings of the International Consensus on Periprosthetic 
Joint Infection (13).

Statistics
Descriptive statistics, mean, and range are used to represent 
the demographics of the patient’s procedure. Survival of pros-
theses was calculated using the Kaplan–Meier method. Data 
management and analysis was performed using the Statistical 
Package for the Social Sciences (Released 2017. IBM SPSS 
Statistics for Windows, Version 25.0. IBM Corp, Armonk, 
NY, USA).
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Results

128 PJI-related revision arthroplasty procedures were per-
formed between 2010 and 2017. 3 of these patients died from 
non-PJI-related causes after the first step of the 2-stage revi-
sion procedure and were excluded from the analyses. 1 patient 
refused further treatment after the first step of the 2-stage 
revision procedure and was therefore excluded from all anal-
yses (Figure 1). The mean follow-up period was 53 months 
(8 days–115 months). Patient, prosthesis, and periprosthetic 
joint infection characteristics are given in Table 1. The overall 
infection control rate for 1-stage and 2-stage revision proce-
dures was 84% (107 of 128 cases). 

Revision procedure
The infection control rate of the 1-stage revision procedure 
was 18 of 21 cases: 12 of 14 hip cases and 6 of 7 knee cases. 

The infection control rate of the 2-stage revision procedure 
was 89 of 107 cases (83%): 56 of 67 hips and 33 of 40 knees.

Infection-free survival analysis (Figures 1 and 2)
In 2 patients a Girdlestone procedure was done and was con-
sidered as a failed treatment for the infection control analysis 
but excluded from the prosthesis survival analysis because no 

PJI-related revision arthroplasty
performed between 2010 and 2017

n = 132

Included PJI-related 
revision arthroplasties

n = 128

Excluded (n = 4):
– died from non-PJI related reasons, 3
– refused further treatment, 1

Excluded from survival
analysis because of
Girdlestone situation

n = 2

One-stage revision
n = 21

Two-stage revision
n = 107

Included for infection-free prosthesis survival analysis 

One-stage revision
n = 21

Two-stage revision
n = 105

Figure 1. Flowchart of all included patients and patients included in the 
survival analysis of the PJI-related arthroplasty.

Table 1. Patient characteristics. Values are count (%) unless other-
wise specified

 	 Revision procedure
 	 Total	 2-stage	 1-stage
Factor	 (n = 128)	 (n = 107)	 (n = 21)

Patient characteristics
 Infection control 	 107 (84)	 89 (83)	 18 (86)
 Age (range)	 71 (44–92)	 70 (44–92)	 72 (55–92)
 Female sex	 74 (58)	 62 (58)	 12 (57)
 Mean BMI (range)	 28 (18–38)	 28 (19–38)	 26 (18–38)
 ASA-1	 15 (12)	 13 (12)	 2 (10)
 ASA-2	 84 (66)	 72 (67)	 12 (57)
 ASA-3	 28 (22)	 22 (21)	 6 (29)
 ASA-4	 1 (1)	 0 (0)	 1 (5)
Risk factors	  	  	  
 Smoking	 14 (11)	 11 (10)	 3 (14)
 Alcohol abuse	 15 (12)	 11 (10)	 4 (19)
Host-score according to McPherson	  	  
   Uncompromised	 54 (42)	 47 (44)	 7 (33)
   Compromised	 69 (54)	 56 (52)	 13 (62)
  Significantly compromised	 5 (4)	 4 (4)	 1 (5)
Host-score according to Cierny	  	  	  
 Uncompromised	 30 (23)	 26 (24)	 4 (19)
 Local 	 4 (3)	 4 (4)	 0 (0)
 Systemic	 85 (66)	 70 (65)	 15 (71)
 Local and systemic	 9 (7)	 7 (7)	 2 (10)
Prosthesis and periprosthetic joint infection characteristics
 Total hip revisions	 81 (63)	 67 (63)	 14 (67)
 Total knee revisions	 47 (37)	 40 (37)	 7 (33)
Indication for revision	  	  	  
 Septic infection	 107 (84)	 91 (85)	 16 (76)
 2 positive cultures of
     the same organism	 81 (63)	 70 (65)	 11 (52)
 A sinus tract communi-
     cating with the joint	 13 (10)	 12 (11)	 1 (5)
 Complied with at least a score 
     of 6 of the minor criteria	 13 (10)	 9 (8)	 4 (19)
 MSIS-negative infection	 21 (16)	 16 (15)	  5 (24)
Infection period	  	  	  
  Mean joint age (months) 	 45 (0–341) 	 39 (0–283) 	 80 (1–341)
Soft tissue involvement	  	  	  
 Abscess or fistula	 22 (17)	 18 (17) 	 4 (19)
Infection score (McPherson)	  	  	  
 Early (< 4 weeks)	 0 (0)	 0 (0)	 0 (0)
 Late postoperative a	 128 (100)	 107 (100)	 21 (100)
Local score (McPherson)	  	  	  
 Uncompromised	 5 (0)	 5 (5)	 0 (0)
 Compromised	 122 (94)	 101 (94)	 21 (100)
 Significantly compromised	 1 (1)	 1 (1)	 0 (0)
Infection type (Zimmerli)	  	  	  
 Early	 11 (9)	 10 (9)	 1 (5)
 Delayed	 58 (45)	 51 (48)	 7 (33)
 Late	 59 (48)	 46 (43)	 13 (62)
Systemic antibiotics	  	  	  
 Preoperative	 30 (23)	 24 (22)	 6 (29)
 
a > 4 weeks
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implant could be placed. 126 of 128 patients were included 
for the infection-free prostheses survival analysis. The mean 
follow-up time of the 1-stage and 2-stage revision was 50 
months (8 days to 104 months) and 52 months (9 days to 115 
months) respectively. The cumulative infection-free survival 
of implanted prostheses was calculated at 0, 24, 48, 72, and 
96 months. For the 1-stage revision this was 90%, 84%, 84%, 
84%, and 84%, respectively, and for the 2-stage revision, 
87%, 85%, 81%, 77%, and 77%, respectively.

 The mean infection free survival of the implant was 90 
months (95% CI 75–105) after a 1-stage revision procedure 
and 98 months (CI 90–106) after a 2-stage revision procedure.

Antibiotic-free period for 2-stage PJI-related revision 
arthroplasty procedures
An antibiotic-free period was used with 2-stage revision in 60 
cases, where antibiotics were continued until reimplantation 
in 45 cases. The infection control rates of the 2-stage revision 
procedure, with and without an antibiotic-free period, were 52 
out of 60 cases and 37 out of 45 cases respectively. The infec-
tion control rates were 31 of 37 hips and 21 of 23 knees for 
patients with an antibiotic-free period and 25 of 28 hips and 
12 of 17 knees for patients without an antibiotic-free period. 
We did not find a statistically significant difference in infec-
tion control rate between a 2-stage PJI-related revision arthro-
plasty with or without an antibiotic-free holiday (p = 0.6).

Microbiological culture results (Tables 2 and 3)
A positive perioperative culture was found in 98 cases. Poly-
microbial infections were found in 31 cases. Staphylococ-
cus aureus was found in 14 cases that were all treated with 
a 2-stage revision procedure. Difficult-to-treat microorgan-
isms were found in both the 1-stage and 2-stage revision 
procedure. Rifampicin-resistant staphylococci were found 
in 3 cases treated with a 1-stage revision procedure and in 6 
cases treated with a 2-stage revision procedure. Ciprofloxacin-

resistant gram-negative bacteria were found in 2 cases treated 
with a 2-stage revision procedure. Fungi were found in 1 
case treated with a 1-stage revision procedure versus 2 cases 
treated with the 2-stage revision procedure. No vancomycin-
resistant enterococci, quinolone-resistant gram-negative, or 
enterococci were found in our study population. The infection 
control of the difficult-to-treat microorganisms can be found 
in Table 3. Negative perioperative cultures were found in 30 
cases. Of these, 3 cases had a positive culture of preopera-
tively obtained joint aspirate. In 4 of 21 cases of the 1-stage 
revision procedure and in 8 of 107 cases of the 2-stage revi-
sion procedure positive cultures of a preoperatively obtained 
joint aspirate were found. No statistically significant differ-
ence was found in the incidence of preoperative obtained bac-
teria between the 1-stage revision procedure and the 2-stage 
revision procedure (p = 0.1).

1.0

0.6

0.4

0.2

0.0

0.8

0 20 40 60 80 100 120
Months from revision

Infection-free survival

One-stage revision
Two-stage revision

Figure 3. Survival analyses of PJI-related revision arthroplasty using 
the Kaplan–Meier method.

Table 2. Microbiology findings

	 Infection control
Factor	 Successful	 Failed	 Total

Polymicrobial	 27	 4	 31
Staphylococcus epidermidis	 20	 1	 21
Staphylococcus aureus	 9	 5	 14
Staphylococcus capitis	 2	 1	 3
Enterococcus faecalis	 2	 1	 3
Enterobacter cloacae	 2	 1	 3
Streptococcus dysgalactiae	 2	 1	 3
Cutibacterium acnes	 2	 1	 3
Staphylococcus lugdunensis	 1	 1	 2
Corynebacterium striatum	 1	 1	 2
Candida albicans	 0	 1	 1
None	 29	 1	 30
Other a	 10	 2	 12
Total	 107	 21	 128

a Coagulase-negative staphylococcus, Enterococcus faecium, Esch-
erichia coli, Haemophilus parainfluenzae, Bacillus cereus complex, 
Streptococcus anginosus group, Aggregatibacter species, Strep-
tococcus mutans, Candida species, Granulicatella adiacens, and 
Salmonella species.

Table 3. Difficult-to-treat microorganisms

	 Infection control
Factor	 Successful	 Failed	 Total

Rifampicin-resistant staphylococci	 8	 1	 9
Fungi	 1	 2	 3
Cutibacterium acnes	 2	 1	 3
Ciprofloxacin-resistant gram-
 negative bacteria	 1	 1	 2
Amoxicillin-resistant Enterococcus 
 faecium	 1	 1	 2
Haemophilus parainfluenzae	 1	 0	 1
Salmonella species	 1	 0	 1
Aggregatibacter species	 1	 0	 1
Escherichia coli	 1	 0	 1
Total	 17	 6	 23
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A total of 30 patients received preoperative antibiotics, of 
which 11 cases resulted in negative perioperative cultures. For 
cases with no preoperative antibiotics, 19 of 98 cases resulted 
in negative perioperative cultures (p = 0.08). 

The infection control rates of the 1-stage revision procedure, 
with and without the use of preoperative antibiotics, were 6 of 6 
cases and 12 of 15 cases, respectively. We found no statistically 
significant difference in infection control rate between a 1-stage 
PJI-related revision arthroplasty with or without use of preop-
erative antibiotics (p = 0.5). The infection control rates of the 
2-stage revision procedure, with or without use of preoperative 
antibiotics, were 22 oof 24 cases and 67 of 83 cases, respec-
tively. We found no statistically significant difference in infec-
tion control rate between a 2-stage PJI-related revision arthro-
plasty with or without use of preoperative antibiotics (p = 0.4).

Furthermore, for the 2-stage revision procedures with an 
available last-stage culture (n = 105) an antibiotic-free period 
showed positive cultures at the last stage in 7 of 60 cases. 
2-stage revision procedures with no antibiotic-free period 
showed positive cultures in 5 of 45 cases. No statistically sig-
nificant difference was found in positive last-stage cultures of 
the 2-stage revision procedures with or without an antibiotic-
free holiday (p = 1.0).

Discussion

Performing a 2-stage revision procedure is the most frequently 
used procedure to treat chronic periprosthetic joint infections. 
However, the use of the 1-stage revision is gaining more and 
more support. In this study, the long-term results with a mean 
follow-up period of 53 months of PJI-related revision proce-
dures are evaluated. Furthermore, the utilization of an antibi-
otic-free window within a 2-stage revision is evaluated.

The overall infection control rate was 84% (107 of 128 
cases), of which 18 of 21 cases were successfully treated with 
a 1-stage revision procedure and 89 of 107 cases (83%) treated 
with a 2-stage revision procedure. The infection control rates 
are similar between groups and similar to the rates found in 
the literature (14-16). When functional outcome is also taken 
into account, a systemic review by Leonard et al. showed that 
1-stage revision surgery was superior (15). However, one must 
be cautious when comparing 1- and 2-stage revision groups 
due to differences in indication for surgery. One-stage revi-
sion procedures are done in patients with better preoperative 
conditions that fit specific selection criteria and consequently 
may lead to selection bias. Therefore, the choice of revision 
surgery should still be in accordance with consensus agree-
ment as stated by Parvizi et al. (13). Following the host scores 
according to Cierny and McPherson, our study population is 
compromised in 77% and 58% of all the cases, respectively. 
Considering the specific selection criteria of the 1-stage revi-
sion procedure, we believe that  adequate infection control is 
still achieved with the 2-stage revision procedure (13). 

Infection control also includes infection-free implant sur-
vival. The mean infection-free survival of the prostheses 
placed with the 1-stage revision was 90 months (CI 75–105 
months) and for the 2-stage revision procedure 98 months (CI 
90–106 months) with equal follow-up time. 2 patients were 
excluded from the survival analysis of the PJI-related revi-
sion arthroplasty due to a Girdlestone situation, which means 
no new implant has been placed. However, patients who died 
or had received a new prosthesis for non-PJI-related causes 
within the follow-up time were still included in the analysis. 
This might give an overestimation of the infection-free sur-
vival time. However, with an infection-free survival of 90 and 
97 months for both procedures, a good estimation can be made 
of the effectiveness of the two procedures.

Performing an antibiotic-free window can help suppressed 
bacteria to be identified again in perioperative cultures, taken 
during the last stage of the 2-stage revision. Under those cir-
cumstances, the non-eradicated pathogen could be found, after 
which debridement of the infection site can be performed to 
ensure successful treatment outcome. Considering the forma-
tion and self-preserving properties of a biofilm, performing 
an antibiotic-free window has no effect on eradicating a per-
sistent pathogen before the last stage of the 2-stage revision 
procedure. However, performing continued antibiotic treat-
ment in the 2-stage revision procedure can increase the chance 
of successful treatment outcome by maintaining an offense 
against the pathogen concerned (5). We found no statistically 
significant difference in infection control rate by performing 
an antibiotic-free window, which is in line with the current 
literature (5,6).

No statistically significant difference (p = 0.08) was found 
in obtaining negative culture results when using preopera-
tive antibiotics, which does not exclude that a lower culture 
yield can be observed with preoperative use of antibiotics. 
However, as stated by Wouthuyzen-bakker et al., one must be 
cautious in withholding preoperative antibiotics as the risk of 
surgical site infection is decreased when antibiotic therapy is 
administered in a timely fashion (17).

In our study population, 18% of all perioperative cultures 
found difficult-to-treat microorganisms. No definite conclu-
sions on successful infection control could be reached because 
of the low incidence of these difficult-to-treat microorganisms. 
To evaluate the effect of difficult-to-treat microorganisms on 
the successful outcome of PJI revision surgery, analyses in a 
larger patient population are necessary (12).

Limitations of this study include a retrospective design with 
all its known forms of bias. However, the consecutive nature 
of this cohort of patients helps to avoid selection bias. Another 
limitation was the lack of data on functional outcome avail-
able for analysis. 

In conclusion, we found in this retrospective study that 
after a mean follow-up of more than 4 years, similar success-
ful infection control is seen between the 1-stage and 2-stage 
revision procedures, despite a patient population that is com-
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promised, in 77% and 58% of all cases respectively. Further-
more, performing an antibiotic-free window in the 2-stage 
PJI-related revision demonstrated no benefit to the treatment 
outcome. 

All authors were involved in designing or conceiving the research. BD and 
FN contributed in data collection and analyzed the data. BD, RN, FHVD, 
and EV wrote the manuscript. HCV and BW performed surgery and pro-
vided data. BW supervised the project. 

Acta thanks Alex Soriano and Ricardo Sousa for help with peer review of 
this study.
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