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Abstract
Background  Periprosthetic joint infection (PJI) of the knee represents a severe complication after 1.5% to 2% of primary 
total knee replacement. Although two-stage revision was considered the gold-standard treatment for PJI of the knee, in the 
last decades, more studies reported the outcomes of one-stage revisions. This systematic review aims to assess reinfection 
rate, infection-free survival after reoperation for recurrent infection, and the microorganisms involved in both primary and 
recurrent infection.
Material and methods  A systematic review of all studies reporting the outcome of one-stage revision for PJI of the knee 
up to September 2022, according to PRISMA criteria and AMSTAR2 guidelines, was performed. Patient demographics, 
clinical, surgical, and postoperative data were recorded. PROSPERO ID: CRD42022362767.
Results  Eighteen studies with a total of 881 one-stage revisions for PJI of the knee were analyzed. A reinfection rate of 12.2% 
after an average follow-up of 57.6 months was reported. The most frequent causative microorganism were gram-positive 
bacteria (71.1%), gram-negative bacteria (7.1%), and polymicrobial infections (8%). The average postoperative knee society 
score was 81.5, and the average postoperative knee function score was 74.2. The infection-free survival after treatment for 
recurrent infection was 92.1%. The causative microorganisms at reinfections differed significantly from the primary infection 
(gram-positive 44.4%, gram-negative 11.1%).
Conclusion  Patients who underwent a one-stage revision for PJI of the knee showed a reinfection rate lower or comparable to 
other surgical treatments as two-stage or DAIR (debridement, antibiotics, and implant retention). Reoperation for reinfection 
demonstrates a lower success compared to one-stage revision. Moreover, microbiology differs between primary infection 
and recurrent infection.
Level of evidence Level IV.

Keywords  One-stage · Total knee replacement · Total knee arthroplasty · TKA · TKR · Periprosthetic joint infection · PJI

Introduction

Knee periprosthetic joint infection (PJI) is a severe com-
plication that occurs in 1.5–2% of cases after primary total 
knee replacement (TKR) [1–5]. Although thorough diag-
nosis remains the cornerstone of PJI management, surgical 
planning and accurate adherence to treatment principles are 
essential [6]. Different surgical strategies may be adopted, 
such as debridement, antibiotics, implant retention (DAIR), 
and replacement arthroplasty in one or two stages. Further-
more, salvage options for patients with multiple treatment 
failures, including knee arthrodesis or above-knee amputa-
tion (AKA), should be considered [7, 8].
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In recent decades, two-stage revision, based on all pros-
thetic implants’ removal and articular spacer implantation, 
has been considered the gold-standard treatment for knee PJI 
[9]. This procedure allows both local antibiotics administra-
tion in a concentration above the minimum effective concen-
tration for approximately two weeks and adequate soft tissue 
tension during the interval period. First introduced in the 
early 1980s by John Insall, it should provide a higher eradi-
cation rate than other surgical solutions [10–12]. However, 
two-stage revision is associated with longer hospitalization, 
higher costs, and poor quality of life during the interval 
period [13]. Furthermore, there is no high-level evidence 
demonstrating that this technique has a higher success rate 
than the one-stage procedure [14].

One-stage revision has become increasingly popular 
recently and should be considered a viable option for chronic 
PJI treatment in a selected patient group [9]. This surgical 
procedure presents potential advantages such as reduced 
morbidity and mortality, hospital length and related costs, 
and improved quality of life while providing an optimal 
infection eradication rate [15]. Identifying a known sensitivi-
ties microorganism is mandatory; however, conditions like 
culture-negative PJI or the presence of systemic sepsis signs 
discourage one-stage revision indication [15, 16].

This systematic review aims to analyze the reinfection 
rate, survivorship after reoperation for recurrent infection, 
and the microorganisms involved in both index and recurrent 
infection in patients undergoing one-stage revision for knee 
PJI to assist orthopedics in daily practice PJI management.

Materials and methods

Research question

A systematic review of the current literature was performed 
according to the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) and a Measurement 
Tool to Assess Systematic Reviews (AMSTAR2) guidelines 
[17]. Medline, Cochrane Library, EMBASE, Scopus, and 
Web of Science databases were systematically reviewed until 
September 1, 2022. The following keywords were used in 
association with the Boolean AND/OR operator to identify 
relevant studies on one-stage revision TKA: “one-stage”; 
“single-stage”; “periprosthetic joint infection”; “PJI”; “total 
knee arthroplasty”; “TKA”; “total knee replacement”; 
“TKR.”

Inclusion and exclusion criteria

The inclusion criteria of the studies analyzed were “articles 
with patients treated with one-stage revision for treatment 
of knee PJI; with at least ten patients, a minimum follow-up 

of one year, reporting infection-free survival for one-stage 
revision; and studies written in English.” “Case reports, 
biochemical and in vitro studies, reviews, editorials, book 
chapters, or instructional courses were excluded from the 
systematic review.”

Methodological quality assessment

Each article’s levels of evidence (LoE) was recorded using 
the Oxford Centre for Evidence-Based Medicine criteria 
[18]. The methodological quality of the studies included was 
evaluated through the methodological index for non-rand-
omized studies (MINORS) criteria [19–21]. The MINORS 
score ranges from 0 to 18 for non-comparative studies and 0 
to 24 for comparative studies, with a higher score reflecting 
higher quality. The present systematic review was registered 
in PROSPERO, ID: CRD42022362767.

Search strategy and study screening

A total of 632 studies were identified through the databases 
used. After excluding duplicates, 343 studies were included, 
and after evaluation of the title and abstract, 21 studies were 
analyzed. After assessing the eligibility of the full-text arti-
cles according to the inclusion and exclusion criteria and 
screening the bibliography of each article to find additional 
relevant publications, 18 clinical studies were selected and 
included in this systematic review [22–39]. The PRISMA 
flowchart with the research strategy is shown in Fig. 1 [17].

Data extraction

Two reviewers (GC and LB) collected data from the selected 
studies and inserted them into a standard template. The fol-
lowing study characteristics were extracted: author and year 
of publication, study characteristics and patient demograph-
ics, a summary of reinfection rate after one-stage revision, 
causative microorganism at the one-stage revision, causative 
microorganism at reinfection, differences in microbiology 
between one-stage revision and reinfection. When a study 
included total hip and knee results of one-stage revision, 
only data about TKA were collected. When a study included 
data on different surgical procedures such as DAIR or two-
stage revision, only results about one-stage revision were 
collected.

Statistical analysis

Statistical analysis was performed with R software, version 
4.0.5 (2020; R Core Team, Vienna, Austria). Descriptive sta-
tistical analysis was performed for all data extracted by the 
included studies. Mean values with a measure of variability 
as standard deviation (SD) or range (minimum–maximum) 



2705European Journal of Orthopaedic Surgery & Traumatology (2023) 33:2703–2715	

1 3

were calculated for continuous variables. The absolute num-
ber, frequency distribution, and Chi-square test were used to 

analyze categorical variables. A p value < 0.05 was considered 
statistically significant.

Fig. 1   Preferred Reporting Items for Systematic review and Meta-Analysis (PRISMA) flow diagram of studies included in the systematic review
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Results

Study characteristics

Eighteen clinical studies [22–39] were included in the final 
analysis (Fig. 1) [17]. The LoE and MINORS values for each 
study are listed in Table 1. Initially, 991 one-stage revisions 
for knee PJI were included in the analysis. After excluding 
104 (10.5%) one-stage revisions due to missing data and 
patients lost to follow-up, 887 one-stage revisions with a 
mean age of 67.9 ± 2.9 years were included in the final anal-
ysis. The mean follow-up was 57.6 ± 31.8 months. Seventeen 

studies [17–32, 34–39] reported sex data, and 43.3% were 
men, and 56.7% were women. The demographic data of the 
included studies are listed in Table 1.

Reinfection after one‑stage revision

All eighteen studies reported overall failure due to infec-
tion after one-stage revision [22–39]. Reinfection after one-
stage revision occurred in 108 cases (12.2%). Survivorship 
after the one-stage revision was 87.8% (779 patients were 
infection-free at the last follow-up). The mean time between 
one-stage revision and reinfection was 26.7 ± 14.4 months 

Table 1   Study characteristics and patient demographics

N° Number of evaluation cases, LoE Levels of evidence, MINORS score Methodological index for non-randomized studies score, % Percentage, 
SD Standard deviation, y.o Years old, N/A Not available. *Sex data refer to the final patient cohort, except for these three studies that reported 
only data from the initial patient cohort

Author and publi-
cation year

Study quality N° of knees, 
initial cohort/final 
cohort

N° of knee lost 
to follow-up and/
or died

Age Male Female Follow-up

LoE MINOR score N° / N° N° (%) Mean ± SD 
(Range), y.o

N° N° Mean ± SD 
(Range), 
months

Goksan (1992) 
[22]

IV 6 19 / 18 1 (5.2%) 61.4 (42–74) 6 12 60

Whiteside (2011) 
[23]

IV 12 18 / 18 0 (0%) 69 ± 6 7 11 62 (27–96)

Singer (2012) 
[24]

IV 10 72 / 63 9 (12.5%) 70.7 ± 10.5 31 32 36 (24–70)

Baker (2013) [25] III 15 33 / 33 0 (0%) 69.4 ± 10.7 18 15 14
Jenny (2013) [26] IV 12 47 / 47 0 (0%) 72 (45–93) 20 27 36
Tibrewal (2014) 

[27]
IV 10 50 / 50 0 (0%) 66.8 (42–84) 17 33 126 (12–240)

Haddad (2015) 
[28]

III 14 28 / 28 0 (0%) 63 (48–87) 14 14 78 (36–108)

Massin (2016) 
[29]

III 16 108 / 108 0 (0%) 71 (63–76) 53 55 44 ± 25

Zahar (2016) [30] IV 8 70 / 59 11 (15.7%) 70 (60–81) 39* 31* 120 (102–132)
Castellani (2017) 

[31]
III 13 35 / 35 0 (0%) 68 (61–79) 16 19 16 (12–25)

Abdelaziz (2019) 
[32]

IV 17 91 / 72 19 (20.8%) 70 ± 8.2 41 31 49.9 ± 18.8

Holland (2019) 
[33]

IV 12 31 / 25 6 (19.4%) 72.3 ± 7.4 N/A N/A 36 (24–102)

Klemt (2020) 
[34]

IV 16 53 / 44 9 (16.9%) 65.1 ± 9.4 28* 25* 21.4 ± 4.9

Ji (2021) [35] IV 11 160 / 132 28 (17.5%) 68.6 (40–86) 34 98 51.6 (24–85)
Pellegrini (2021) 

[36]
IV 9 20 / 20 0 (0%) 67.6 ± 10.2 9 11 74.4 (24–120)

Razii (2021) [37] IV 10 84 / 80 4 (4.7%) 68 (36–92) 53* 31* 84 (12–144)
Rossman (2021) 

[38]
IV 5 57 / 40 17 (29.8%) 68 ± 9 24 16 80 (22–172)

Tuecking (2021) 
[39]

IV 7 15 / 15 0 (0%) 65 ± 10.2 4 11 47.3 ± 19.2

Overall IV / 991/887 104 (10.5%) 67.9 ± 2.9 294 (43.3%) 385 (56.7%) 57.6 ± 31.8



2707European Journal of Orthopaedic Surgery & Traumatology (2023) 33:2703–2715	

1 3

Ta
bl

e 
2  

R
ei

nf
ec

tio
n 

af
te

r o
ne

-s
ta

ge
 re

vi
si

on
, t

re
at

m
en

t f
or

 re
in

fe
ct

io
n 

an
d 

su
rv

iv
or

sh
ip

 a
fte

r r
eo

pe
ra

tio
n

N
° N

um
be

r o
f e

va
lu

at
io

n 
ca

se
s, 

%
 P

er
ce

nt
ag

e,
 D

AI
R 

D
eb

rid
em

en
t, 

an
tib

io
tic

s, 
an

d 
im

pl
an

t r
et

en
tio

n,
 A

K
A 

A
bo

ve
-k

ne
e 

am
pu

ta
tio

n,
 N

/A
 N

ot
 a

va
ila

bl
e

A
ut

ho
r a

nd
 p

ub
lic

at
io

n 
ye

ar
N

° o
f k

ne
es

Re
in

fe
ct

io
n 

af
te

r o
ne

-
st

ag
e 

re
vi

si
on

Tr
ea

tm
en

t f
or

 re
in

fe
ct

io
n 

af
te

r o
ne

-s
ta

ge
 re

vi
si

on
In

fe
ct

io
n-

fr
ee

 
su

rv
iv

al
 a

t fi
na

l 
fo

llo
w

-u
p

N
°

%
O

ne
-s

ta
ge

 re
vi

si
on

 
N

° (
su

cc
es

s/
fa

ilu
re

)
D

A
IR

 N
° 

(s
uc

ce
ss

/fa
il-

ur
e)

Lo
ng

-te
rm

 a
nt

ib
io

tic
 

th
er

ap
y 

N
°(

su
cc

es
s/

fa
ilu

re
)

Tw
o-

st
ag

e 
re

vi
si

on
 

N
° (

su
cc

es
s/

fa
ilu

re
)

K
ne

e 
ar

th
ro

de
si

s 
N

°

A
K

A
 N

°
N

°
%

G
ok

sa
n 

(1
99

2)
 [2

2]
18

2
11

,1
%

1 
(1

/0
)

0
1 

(0
/1

)
0

0
0

17
94

,4
%

W
hi

te
si

de
 (2

01
1)

 [2
3]

18
1

5,
6%

0
1 

(1
/0

)
0

0
0

0
18

10
0,

0%
Si

ng
er

 (2
01

2)
 [2

4]
63

3
4,

8%
0

0
0

0
3

0
60

95
,2

%
B

ak
er

 (2
01

3)
 [2

5]
33

7
21

,2
%

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

26
78

,8
%

Je
nn

y 
(2

01
3)

 [2
6]

47
6

12
,8

%
2 

(2
/0

)
0

3 
(1

/2
)

1 
(0

/1
)

0
0

44
93

,6
%

Ti
br

ew
al

 (2
01

4)
 [2

7]
50

4
8,

0%
0

2 
(2

/0
)

1 
(1

/0
)

0
1

0
49

98
,0

%
H

ad
da

d 
(2

01
5)

 [2
8]

28
0

0,
0%

0
0

0
0

0
0

28
10

0,
0%

M
as

si
n 

(2
01

6)
 [2

9]
10

8
25

23
,1

%
11

 (6
/5

)
7 

(7
/0

)
3 

(0
/3

)
0

2
2

96
88

,9
%

Za
ha

r (
20

16
) [

30
]

59
3

5.
1%

3 
(2

/1
)

0
0

0
0

0
56

94
,9

%
C

as
te

lla
ni

 (2
01

7)
 [3

1]
35

2
5,

7%
N

/A
N

/A
N

/A
N

/A
N

/A
N

/A
33

94
,3

%
A

bd
el

az
iz

 (2
01

9)
 [3

2]
72

8
11

,1
%

6 
(6

/0
)

0
0

0
0

2
70

97
,2

%
H

ol
la

nd
 (2

01
9)

 [3
3]

25
1

4,
0%

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

24
96

,0
%

K
le

m
t (

20
20

) [
34

]
44

11
25

,0
%

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

33
75

,0
%

Ji 
(2

02
1)

 [3
5]

13
2

9
6,

8%
1 

(1
/0

)
4 

(4
/0

)
2 

(2
/0

)
0

0
2

13
0

98
,5

%
Pe

lle
gr

in
i (

20
21

) [
36

]
20

0
0,

0%
0

0
0

0
0

0
20

10
0,

0%
R

az
ii 

(2
02

1)
 [3

7]
80

7
8.

75
%

2 
(2

/0
)

2 
(1

/1
)

1 
(1

/0
)

1 
(1

/0
)

1
0

77
96

,3
%

Ro
ss

m
an

 (2
02

1)
 [3

8]
40

15
37

,5
%

N
/A

N
/A

N
/A

N
/A

1
2

25
62

,5
%

Tu
ec

ki
ng

 (2
02

1)
 [3

9]
15

4
26

,7
%

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

11
73

,3
%

O
ve

ra
ll

88
7

10
8

12
.2

%
26

 (2
0/

6)
16

 (1
5/

1)
11

 (5
/6

)
2 

(1
/1

)
8

8
81

7
92

,1
%



2708	 European Journal of Orthopaedic Surgery & Traumatology (2023) 33:2703–2715

1 3

as reported by ten studies [22–24, 27, 32, 33, 35, 37–39]. 
Thirteen studies [22–24, 26–30, 32, 35, 37–39] reported the 
treatment performed for reinfection. A repeated one-stage 
revision was the most frequent intervention, followed by 
DAIR, long-term antibiotic therapy, knee arthrodesis, AKA, 
and two-stage revision. The survivorship after treatment for 
reinfection considering failure also patients who underwent 
AKA or knee arthrodesis was 92.1% (817 patients). Data on 
reinfection after one-stage revision, success, and failure rate 
of treatments for reinfections, and survivorship are listed in 
Table 2.

Clinical outcomes after one‑stage revision

Seven studies reported the mean postoperative range 
of motion (ROM) [22, 24, 26, 29, 32, 33, 36]. Six stud-
ies reported the mean preoperative and postoperative knee 
society score (KSS) knee score [23, 24, 26, 28, 29, 36]. One 
study reported a mean preoperative KSS function score [24], 
whereas the mean postoperative KSS function score was 
reported by three studies [24, 26, 29]. Two studies reported 
the mean preoperative Oxford knee score (OKS) [27, 37], 
and six studies reported the mean postoperative OKS [24, 
25, 27, 29, 33, 37]. Three studies reported the mean preoper-
ative Hospital for Special Surgery (HSS) score [30, 32, 35], 
and three studies reported the mean postoperative HSS [30, 
32, 35]. For all the clinical scores, there was a statistically 
significant improvement (p < 0.05) between the preoperative 
and postoperative mean scores (Table 3).

Microbiology

Sixteen studies reported data on the causative microor-
ganism at the one-stage revision [22–24, 26–33, 35, 39]. 
Gram-positive bacteria caused infection in 71.1% of cases, 
gram-negative bacteria in 7.5% of cases, and a polymicrobial 
infection in 8% of cases. No bacterial growth was reported 
in 9% of cases. Fungal infection occurred in 0.8% of cases. 
Table 4 shows detailed information on the causative micro-
organisms at the time of the one-stage revision.

Thirteen studies reported data on the causative microor-
ganism at reinfection [22, 23, 26–28, 30, 32, 33, 35– 39]. 
The causative microorganisms were gram-positive in 44.4% 
of cases, gram-negative in 11.2%, and other microorganisms 
in 44.4%. Table 5 shows detailed information on the causa-
tive microorganisms at the time of the reinfection.

In the one-stage revisions, 67.8% “favorable” microorgan-
isms and 32.2% “aggressive” microorganisms were identi-
fied. Methicillin-resistant Staphylococcus Aureus (MRSA), 
methicillin-resistant Staphylococcus Epidermidis (MRSE), 
Enterococcus species, Pseudomonas aeruginosa, Fungal, 
polymicrobial infection, and culture-negative PJI were 
considered “aggressive” microorganisms. Reinfection was 
caused by “favorable” microorganisms in 44.4% of cases and 
by an “aggressive” microorganism in 55.6% of cases. Gram-
positive infections were significantly higher at one-stage 
revision than at reinfection (71.1% and 44.4%, respectively, 
p < 0.001). Among gram-positive infections, there was a sig-
nificant difference for Staphylococcus Epidermidis (13.4% 
at one-stage revision and 4.8% at reinfection, p = 0.047) 
and coagulase-negative staphylococci (CoNS) (12.6% at 
one-stage revision and 3.2% at reinfection, p = 0.026). No 
statistical differences were found between one-stage revi-
sion and reinfection for the overall gram-negative infections 
(7.5% and 11.1%, respectively, p = 0.308). Analyzing the 
individual gram-negatives showed that infections caused 
by Pseudomonas Aeruginosa (1% at one-stage revision and 
4.8% at reinfection, p = 0.008) and Escherichia Coli (1% at 
one-stage revision and 4.8% at reinfection, p = 0.008) were 
more frequent at reinfection with a statistically significant 
difference (Table 6).

Discussion

PJI represents one of the most challenging complications 
after TKR [1, 2]. For many years, the two-stage revision was 
considered the gold-standard procedure; however, recently, 
single-stage treatment has gained popularity [8, 9]. The main 
result of this study is that one-stage revision, in line with 
data reported by previous studies, provides an equivalent or 

Table 3   Clinical outcomes after 
one-stage revision

SD Standard deviation, ROM Range of motion, N/A Not available, degrees, KSS Knee society score, OKS 
Oxford knee score, HSS Hospital for special surgery

Clinical outcomes after one-
stage revision

Preoperative values Postoperative values P value
Mean value ± SD/Range Mean value ± SD/Range

ROM N/A 96.6° ± 6.3 (90.4°-104°) //
KSS knee score 27.3 ± 7.8 81.5 ± 6.3  < 0.05
KSS function score 21 74.2 ± 3.5  < 0.05
OKS 34.2 ± 2.9 61.6 ± 6.1  < 0.05
HSS score 17.9 ± 6.7 32.2 ± 4.6  < 0.05
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slightly lower reinfection rate than two-stage revision [40, 
41]. Furthermore, the success rate from reinfection reopera-
tion was lower than the first revision surgery for an infection. 
Finally, it was demonstrated that causative microorganisms 
differ significantly between the first one-stage revision and 
infection recurrence.

Infection recurrence

The reinfection recurrence rate reported after the one-stage 
revision was 12.2% at a mean time of 26.7 months, ranging 
from 0 [28, 36] to 37.5% [38]. This result is comparable 
to the reinfection rate described in the literature with two-
stage revision, which varied between 10 and 30% [40]. Ross-
man et al. [38] reported the highest reinfection rate among 
the studies included in this systematic review. The authors 
observed reinfection in 15 of 40 enterococcal-related PJIs. 
Castellani et al. [31] reported similar data with a reinfection 
rate of 50% in enterococcal-related PJIs in patients treated 
with one- or two-stage revision. Citak et al. [42] highlighted 
enterococci, being difficult-to-treat antibiotic-resistant path-
ogens, as an independent risk factor for reinfection in PJI, 
regardless of the surgical treatment performed. Antibiotic-
resistant bacteria were one of the main topics of the sec-
ond international meeting on PJI, whose guidelines did not 
recommend one-stage revision in case of systemic signs of 
infection, an infection caused by a resistant microorganism, 

culture-negative infection, and insufficient soft tissue cover-
age [43]. The higher revision rates described in some of the 
studies included in this systematic review [32, 38, 42] may 
be explained by a one-stage revision approach even in the 
presence of the above-mentioned risk factors [43].

Reoperations

In this systematic review, treatments performed for infection 
recurrence (71 PJIs) were examined. No infection at final 
follow-up was found in 92.1% of patients. A further one-
stage revision was the most frequent treatment for reinfec-
tion. It was performed on 26 patients with a success rate of 
76.9%. DAIR was reported in 16 cases, with a success rate 
of 93.8%. Lower results were observed in the 11 patients 
treated exclusively with suppressive antibiotic therapy and 
the two patients who underwent two-stage revision, with 
success rates of 45.5% and 50%, respectively. “Salvage pro-
cedures” were performed in 16 cases; eight patients under-
went knee arthrodesis, while AKA was necessary in eight 
cases.

Microbiology

This study highlighted that the causative microorganisms 
at one-stage revision and reinfection were significantly dif-
ferent (Table 5). The incidence of gram-positive bacteria, 

Table 5   Causative 
microorganism at the reinfection

N Number of evaluation cases, % Percentage, N/A Not available

Author and publication year N° of causative 
microrganism

Gram positive Gram-negative Others microorganisms

N° N° (%) N° (%) N° (%)

Goksan (1992) [22] 2 1 1 0
Whiteside (2011) [23] 1 1 0 0
Singer (2012) [24] N/A N/A N/A N/A
Baker (2013) [25] N/A N/A N/A N/A
Jenny (2013) [26] 6 2 4 0
Tibrewal (2014) [27] 4 0 0 4
Haddad (2015) [28] 0 0 0 0
Massin (2016) [29] 5 1 0 4
Zahar (2016) [30] N/A N/A N/A N/A
Castellani (2017) [31] 8 8 0 0
Abdelaziz (2019) [32] 1 0 0 1
Holland (2019) [33] N/A N/A N/A N/A
Klemt (2020) [34] 9 3 1 5
Ji (2021) [35] 0 0 0 0
Pellegrini (2021) [36] 8 2 0 6
Razii (2021) [37] 15 10 1 4
Rossman (2021) [38] 4 0 0 4
Tuecking (2021) [39] N/A N/A N/A N/A
Overall 63 28 (44.4%) 7 (11.2%) 28 (44.4%)
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especially Staphylococcus epidermidis and CoNS, decreased 
significantly from 71.1% at one-stage revision to 44.4% at 
reinfection. Gram-negative bacteria were more frequently 
in reinfection (11.1%) than in one-stage revision (7.5%), but 
not at a statistically significant rate, except for Pseudomonas 
Aeruginosa and Escherichia Coli, which both increased from 
1 to 4.8%, respectively. Finally, polymicrobial, culture-neg-
ative, or fungal infections, often considered challenging 
PJI, had a statistically higher reinfection rate (Table 6). The 
results presented in this systematic review follow the data 
reported in the literature on the increased reinfection rate 

after surgical treatment of knee PJI caused by “aggressive” 
microorganisms [43–45]. Specifically, this study observed 
that infections caused by “aggressive” species had a statisti-
cally significant higher incidence of reinfection after one-
stage revision [43–45].

PJI caused by resistant staphylococci, MRSA and MRSE, 
is considered a major therapeutic challenge with a high 
rate of recurrent infection. Mittal et al., in their series of 
37 patients, reported reinfection in 24% of patients [46]. 
Salgado et al., in their retrospective study, observed a 50% 
reinfection rate in MRSA-related infections [47]. In this sys-
tematic review, PJI was caused by resistant staphylococci 
in 12.7% of patients. MRSA caused recurrent infection in 
four cases (6.3%) and MRSE in one case (1.6%). Generally, 
PJI caused by resistant staphylococci is treated with a two-
stage revision, considering the higher chances of eradication 
of the infection due to the debridement of the first stage 
and the high concentration of local antibiotic released by 
the antibiotic from the cement spacer [48]. Although some 
authors have considered resistant staphylococcal infections a 
contraindication to single-stage revision [28, 36], the results 
of this paper suggest that one-stage revision could be per-
formed with favorable results even in PJIs caused by resist-
ant staphylococci. In this systematic review, only one study 
reported a complete series of patients affected by MRSA PJI 
[23]. All patients underwent a one-stage revision followed 
by intra-articular injection of antibiotic (500 mg Vancomy-
cin) once or twice daily for six weeks without postoperative 
intravenous antibiotics. The authors reported a 94.4 percent 
success rate (17 of 18 patients). In the only case of failure, 
the patient underwent reoperation after five months with a 
large fragment of necrotic bone removal [23].

Several authors have considered fungal infection a con-
traindication for one-stage revision suggesting two-stage 
revision as a gold-standard procedure [49–51]. In a recent 
systematic review of the literature [49] that collected data 
from 45 fungal knees PJIs, it was demonstrated that the caus-
ative microorganism responsible for about 80 percent of the 
infections was the Candida species. About 50 percent of the 
patients had risk factors such as advanced immunodepres-
sion, prolonged antibiotic use, autoimmune disease, or drug 
abuse. After a mean follow-up of 37.4 months, the authors 
reported recurrent bacterial infections in five cases. Instead, 
six patients required AKA. In another six cases, no estab-
lished information on therapeutic outcomes was reported 
[49]. In this systematic review, seven patients with fungal PJI 
underwent one-stage revision with a failure rate of 42.8%. 
Fungal PJI should always be suspected in case of infection 
recurrence. This paper reported fungal PJI in five cases after 
a one-stage revision procedure.

Polymicrobial infections have been considered an inde-
pendent risk factor for infection recurrence following sev-
eral surgical treatments for PJI [16, 52, 53]. Razii et al. 

Table 6   Differences in microbiology between one-stage revision and 
reinfection

N Number of evaluation cases, % Percentage, N/A Not available, 
MRSA Methicillin-resistant Staphylococcus aureus, MRSE Methi-
cillin-resistant staphylococcus epidermidis, spp Species, S. Aureus 
Staphylococcus Aureus, S. Epidermidis Staphylococcus Epidermidis, 
CoNS Coagulase-negative staphylococci, P. Acnes Propionibacterium 
Acnes, E. Coli Escherichia Coli, NG No culture growth, NS Not spec-
ified, *: these are microorganisms that are considered aggressive

Gram-positive bacteria

Microorganisms One-stage 
revision

Reinfection p

N° % N° %

MRSA * 56 6.7% 4 6.3% 0.912
S. Aureus 147 17.6% 9 14.3% 0.502
MRSE * 19 2.3% 1 1.6% 0.721
S. Epidermidis 112 13.4% 3 4.8% 0.047
CoNS 105 12.6% 2 3.2% 0.026
Staphylococcus spp. 33 4% 2 3.2% 0.758
Streptococcus spp. 56 6.7% 3 4.8% 0.548
P. Acnes 7 0.8% 0 0% N/A
Enterococcus spp. * 37 4.5% 4 6.3% 0.481
Others gram-positive 22 2.6% 0 % N/A
Overall 594 71,1% 28 44,4%  < 0.001
Gram-negative bacteria
Klebsiella Pneumonia 10 1.2% 1 1.6% 0.786
Enterobacter spp. 9 1.1% N/A N/A N/A
Pseudomonas Aeruginosa * 8 1% 3 4.8% 0.008
E. Coli 8 1% 3 4.8% 0.008
Proteus Mirabilis 4 0.5% 0 0% N/A
Others gram-negative bacteria 24 2.8% 0 0% N/A
Overall 63 7,5% 7 11,1% 0.308
Other microorganisms
Fungal * 7 0.8% 5 7.9%  < 0.001
Polymicrobial Infection * 67 8,0% 11 17.5% 0.010
NG * 75 9,0% 7 11.1%  < 0.001
NS 29 3.5% 5 7.9% N/A
Microorganisms’ aggressiveness
Nonaggressive 566 67,8% 28 44,4%  < 0.001
Aggressive * 269 32,2% 35 55.6%  < 0.001
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reported that polymicrobial infections were associated with 
increased reinfection [37]. Similarly, Massin et al. observed 
a higher recurrent infection rate in patients with polymicro-
bial infections caused by gram-negative bacteria [29]. Two 
of the studies included in this systematic review reported a 
higher risk of reinfection in polymicrobial infections [27, 
37]. Several authors agreed that polymicrobial infection is a 
contraindication for one-stage revision, suggesting that other 
surgical treatments, such as two-stage revisions, are more 
suitable for this clinical condition [28, 33, 39].

Limitations

This systematic review has some limitations that need to 
be analyzed. First, only English studies were considered, 
which may exclude any relevant studies published in other 
languages. Second, the LoE of the included papers is poor, 
and there are no studies with LoE I or II. Third, there is 
significant variability among studies regarding PROMs and 
outcome measures evaluated. Finally, the different papers 
have various inclusion criteria for patients eligible for one-
stage revision, and the patients’ populations are difficult to 
compare.

Conclusions

This systematic review reported that, in selected patients, 
the incidence of recurrent infection after one-stage revision 
is comparable to or lower than that of other surgical treat-
ments such as two-stage revision and DAIR. Reoperation 
for recurrent infection demonstrated a lower success rate 
than the first one-stage procedure. In addition, microbiol-
ogy is significantly different between one-stage revision and 
reinfection. Higher rates of “aggressive” microorganisms 
have been observed in the latter. Finally, several risk factors 
should be evaluated before performing a one-stage revision. 
In this systematic review, it was reported that in the presence 
of previous septic events and aggressive and polymicrobial 
infections, the risk of reinfection is higher, and other surgical 
strategies, such as two-stage revisions, should be considered.
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