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Abstract Background: Controversies still exist regarding
the optimal diagnostic and therapeutic strategies in patients
with prosthetic joint infections (PJI). Questions/Purposes :
How effective are preoperative and intraoperative cultures in
isolating organisms and how do these culture results com-
pare to one another? What are the results of surgical treat-
ment of PJI in the hip and knee in an international, tertiary
referral center cohort? Patients and Methods: One hundred
sixteen patients (N=59 hip PJI, N=57 knee PJI) were re-
cruited prospectively to registries at three international, ter-
tiary referral centers between December 2008 to November
2011. Retrospective review of prospective registry data in-
cluding demographics, microbiology results, and operative

reports was performed. Results: Preoperative synovial fluid
aspiration yielded an organism in only 45.2% and 44.4% of
cases, respectively, for knee and hip PJI. False-negative rates
of preoperative aspiration relative to intraoperative culture
were 56% and 46% in hip and knee PJI, respectively, with
discordance rates of 25% and 21.4%, respectively. Rates of
negative intraoperative cultures were 15% in hip PJI and
20.7% in knee PJI. Open debridement with prosthetic reten-
tion was the most common initial revision procedure
performed (48.3% of hip PJI and 63.8% of knee PJI). This
method of revision was successful in 41.3% of hip PJI and
59.4% of knee PJI. Initial failure rates for prosthetic revision
was lower than debridement with prosthetic retention but
remained substantial in both hip PJI (initial success of one-
stage exchange 60% and two-stage exchange 70%) and knee
PJI (initial success of one-stage exchange 80% and two-
stage exchange 75%). Conclusion: Diagnosis and treatment
of PJI remains challenging with difficulty in isolating the
offending organism and with high rates of prosthetic revi-
sion and initial treatment failures. Future advances in organ-
ism isolation and international standardization of treatment
protocols may improve patient outcomes.

Keywords prosthetic joint infection.single-stage
revision arthroplasty. two-stage revision arthroplasty.
prosthetic joint aspiration.synovial fluid culture

Introduction

Prosthetic joint infection (PJI) remains one of the most
common causes of revision arthroplasty. It can result in
multiple revision surgeries and significant patient morbidity.
Periprosthetic infection rates remain around 1–2% after pri-
mary total hip and knee arthroplasty and comprise approx-
imately 7–12% of revision cases [4, 5, 16, 23, 39, 47]. The
number of primary and revision arthroplasties being
performed continues to increase every year, and as a result,
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the burden of periprosthetic infections will rise over time.
The diagnosis and treatment of periprosthetic infections
remains challenging, and significant controversy still exists
as to the optimal approach for these patients.

Many diagnostic modalities have been investigated in an
attempt to accurately identify patients with PJI. Hematologic
testing including ESR and CRP levels, imaging studies, and
synovial fluid aspiration are the most common components
of the diagnostic algorithm used in suspected periprosthetic
infection [2, 10, 12, 15, 17, 26–32, 38–46]. Once the diag-
nosis is established, current treatment protocols include irri-
gation and debridement with polyethylene exchange, one-
and two-stage exchange arthroplasties, arthrodesis, and
chronic suppression [1, 7, 8, 11, 14, 19–21, 23, 25, 30, 33,
37, 45, 48]. Factors such as patient co-morbidities, time
course, soft tissue integrity, and infecting organism charac-
teristics may all influence the surgical approach chosen [1, 7,
8, 11, 14, 19–21, 23, 25, 30, 45, 48].

The purpose of the present study was twofold: (1) to
compare the rate of isolation and type of isolated organisms
in pre- and intra-operative synovial fluid and tissue cultures
in hip and knee PJI in an international, tertiary referral center
patient cohort and (2) to compare surgical treatment algo-
rithms for both hip and knee PJI including failure rates and
need for prosthetic revision in this same patient cohort.

Patients and Methods

Study Design

This is a multicenter study performed as part of the Traveling
Fellowship of the International Society of Orthopedic Centers.
Participating institutions were the Hospital for Special Surgery
(HSS), New York; Schulthess Klinik, Zurich; and the Royal
National Orthopaedic Hospital (RNOH), London. These spe-
cialist hospitals are known to have an infection rate as low as
0.2% for primary hip and knee arthroplasty.

Patient Demographics

All patients that presented with a periprosthetic hip or knee
infection at one of the three institutions from December
2008 to November 2011 were recruited prospectively into
registries at the respective institutions. A retrospective re-
view of these databases yielded patient demographic infor-
mation including hospital of presentation, comorbidities,
age, sex, laterality, previous revision surgery, time from
implantation, and length of follow-up.

Inclusion criteria include all adult patients who had un-
dergone primary total hip or knee arthroplasty and presented
during the study period with PJI. Exclusion criteria included
primary arthroplasty for malignancy, unicondylar knee
arthroplasty or trochlear arthroplasty, hip resurfacing,
hemiarthroplasty of the hip, infected endoprosthetic replace-
ments, total hips or knees performed for failed fracture
fixation, history of native joint septic arthritis, infected
periprosthetic fractures, superficial wound infections,

coexistent metabolic bone disease other than osteoporosis
or inflammatory arthritis, and incomplete hospital records.

The diagnosis of periprosthetic infection was determined
based on clinical presentation (sinus tract, pain, erythema),
intraoperative findings (purulence), two or more positive
intra-operative cultures, and histopathologic results (>10
neutrophils per high power field) consistent with infection.
Diagnosis of PJI was determined by the operating surgeon
based on the above characteristics and documented in the
registries. Serum laboratory studies, preoperative aspiration
results, and intraoperative culture results were recorded. The
results between pre-operative and intra-operative cultures
were compared, and subsequent organism growth from both
was recorded. Data for both early (<4 weeks) and late
(>4 weeks) infections from primary surgery were included.

Detailed records of treatment protocols for all cases of
periprosthetic infection were obtained and classified as fol-
lows: (1) debridement with or without polyethylene ex-
change, (2) one-stage revision arthroplasty, (3) two-stage
revision arthroplasty, (4) resection arthroplasty with or with-
out fusion, and (5) antibiotic suppression. Initial treatment
protocols were considered to have failed if a separate treat-
ment protocol was subsequently performed. Failure rates
between different treatment protocols were compared in
both total hip and total knee arthroplasty with early and late
infections analyzed separately from one another.

Statistical analysis

SPSS 16 statistical software package was used for analysis.
Students’ t test was used for comparisons of continuous data,
and chi-square test was used for comparison of categorical
data with crosstabs used as required. P value of <0.05 was
considered significant.

Results

PJI Hip

Demographics

There were 60 infected total hips in 59 patients (see Table 1).
Patients were recruited from the following institutions:
HSS—23 (39%), Schulthess Klinik—22 (35.6%), and
RNOH—15 (25.4%). There were 30 male (50.8%) and 29
female (49.2%) patients. The left side was involved in
58.3% (35 patients), and the right side was involved in
41.7% (25 patients). The mean age of the patients at primary
surgery was 61 years old (SD, 12 years) with a range from
31 to 86 years old (see Table 1).

Mean time period from primary surgery to infection was
3 years and 2 months (range, 4 days to 20 years) (see Table 1).
There were 19 (31.7%) early infections (<4 weeks) and 41
(68.3%) late infections (>4 weeks) (see Table 1). Final follow-
up ranged from 78 days to 21 years and 11 months (median,
2 years and 10 months) from the primary procedure and
47 days to 5 years and 9months (median, 1 year and 8months)
from the revision procedure.
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Sixteen patients (26.7%) had undergone previous revision for
diagnoses other than infection (instability, aseptic loosening).

Culture Results

Themost common organisms associated with periprosthetic hip
infection were coagulase-negative staph (CONS) and methicil-
lin-sensitive Staphylococcus aureus (MSSA) (see Table 2).
Methicillin-resistant S. aureus (MRSA) was the most common
isolate from patients with early infection that failed the initial
surgical procedure (see Table 2). In late infections, MSSA and
Staphylococcus epidermidis were the most common isolates
from patients that failed initial surgical procedures (see Table 2).
Preoperative diagnostic aspiration of the hip was performed in
27 hips (45%) and grew an organism in only 12 hips (44.4%)
(see Table 1). Intraoperative synovial cultures grew an organism
in 51 hips (85%). The remaining nine hips (15%) did not grow
an organism despite clinical and intra-operative findings in the
diagnostic of the infection.

False-negative preoperative aspiration occurred in 56%
of cases relative to operating room cultures. Discordance of
organisms was present in 25% of preoperative aspirations

relative to OR cultures. Microbial virulence did not appear
to influence organism isolation from preoperative aspiration
versus intraoperative culture (see Table 3). Urine cultures
were positive in 3 (5%) of the 59 patients. However, none of
these patients grew the same organism in urine culture and
intra-operative tissue cultures from the hip.

Revision Procedures

Initial revision procedures were debridement with or without
polyethylene exchange in 29 (48.3%), one-stage revision in
10 (16.7%), first stage of two-stage revision in 20 (33.3%),
and girdlestone arthroplasty in 1 (1.7%) hips (see Fig. 1).
The total number of revision surgeries necessary ranged
from 1 to 6 (mean, 2.42; SD, 1.34). Based on center, early
infection was treated by debridement with or without
polyexchange (HSS—9, RNOH —2, SK—4), one-stage
revision (HSS—2), and two-stage revisions (HSS—1,
SK—1). For late infection, initial treatment was debridement
with or without polyexchange (HSS—5, RNOH—4,
SK—5), one-stage revision (HSS—2, RNOH—2, SK—4),
two-stage revision (HSS—1, RNOH—6, SK—8), and one
girdlestone (RNOH—1).

In cases of early infection, initial debridement with or
without polyethylene exchange was successful in 7/15 or
47% of the cases (see Fig. 1). In contrast, one- and two-stage
revisions were both successful in 2/2 or 100% of cases (see
Fig. 1). In cases of late infection, initial debridement with or
without polyethylene exchange was successful in 5/14 or
36% of the cases. In contrast, one-stage revision was suc-
cessful in 4/8 or 50% of cases and two-stage revision was
successful in 12/18 or 67% of cases (see Fig. 1). There was a
failure of initial treatment protocol in 27 (45%) of the hips.
Ultimate prosthesis retention rates in patients undergoing
debridement as an initial surgical procedure was 56% in
early infections and 38% of cases in late infection (see
Fig. 1). Patients who failed initial surgical protocols required
many subsequent procedures including two girdlestone re-
sections (3%) and four proximal femoral replacements

Table 1 Patient demographics and culture results for periprosthetic hip
infections

N=60 infected total hips in 59 patients

Gender 50.8% Male 49.2% Female
Laterality 58.3% Left 41.7% Right
Age at Primary THA Mean 61y (Range 31-86y)
Onset of Infection Mean 3y 2 m (Range 4 days to 20 years)
Early Infection (<4 weeks) 31.70%
Late Infection (>4 weeks) 68.30%

Preoperative diagnostic aspiration performed in 45%
Positive Cultures 44.40%
Negative Cultures 55.60%

Intraoperative culture performed in all
Positive Culture 85%
Negative Culture 15%

Table 2 Organisms isolated from preoperative synovial fluid aspiration and intraoperative cultures in periprosthetic hip infections. Isolated
organisms relative to acute versus chronic infections and those that had success or failure of initial surgical procedure

Early Late

Healed Failed Initial Treatment Healed Failed Initial Treatment

MSSA – 2 MRSA – 3 MSSA – 8 MSSA – 4
MRSA – 2 Enterococcus – 2 Coag neg staph – 4 Staph epidermidis – 3
Coag neg staph – 2 Group B Strep – 1 Staph epidermidis – 3 Coag neg staph – 2
E. coli – 2 Group A Strep – 1 Group A Strep – 3 MRSA – 1
Enterococcus – 1 Staph epidermidis – 1 Enterococcus – 2 Pseudomonas – 1
Klebsiella – 1 Polymicrobial – 1 Acinetobacter – 2 Propionibacter. – 1
Pseudomonas – 1 MRSA – 2 Enterococcus – 1
Group A Strep – 1 Pseudomonas – 2 Group A Strep – 1

Propionibacter. – 1 Polymicrobial – 1
E. coli – 1
Polymicrobial – 1
Proteus – 1
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for chronic osteomyelitis (6.7%) (see Fig. 1). Total hip
arthroplasties with late infection were more prone for revision
of prosthesis than those with early infection (p=0.001). There
was no association between the onset of infection (early or
late) with the number of revision procedures performed (p=
0.283). There was no statistical significance in initial failure
rates between individual treatments (p=0.140).

PJI Knee

Demographics

There were 58 infected total knee arthroplasties in 57 patients,
with 24 (42.1%) males and 33 (57.9%) females (see Table 4).
Institution of presentation was as follows: HSS—27 (47.3%),
Schulthess Klinik—14 (24.6%), and RNOH—16 (28.1%).
Age of the patients at primary surgery ranged from 36 years
to 81 years (mean, 63 years; SD, 10 years) (see Table 4).

Infection presented 5 days to 23 years, 9 months following
the primary procedure (mean, 3 years and 2 months) (see
Table 4). There were 16 (27.6%) early infections (<4 weeks)
and 42 (72.4%) late infections (>4 weeks) (see Table 4). Left
side was involved in 32 knees (55.2%) versus right side in 26
knees (44.8%) (see Table 4). Final follow-up ranged from
163 days to 24 years and 3 months (median, 2 years and
8 months) from the primary surgery and 108 days to 3 years
and 5 months (median, 1 year and 9 months) from the first
revision for infection.

Ten knees (17.2%) had undergone previous revision
prior to periprosthetic joint infection for diagnoses other
than infection (instability, aseptic loosening, hematoma
evacuation, tibial tuberosity avulsion).

Culture Results

Preoperative diagnostic aspiration was performed in 31
knees (53.4%), of which 14 (45.2%) grew an organism
(see Table 4). Intra-operative cultures grew an organism in
46 cases (79.3%), while 12 (20.7%) had negative cultures

Table 3 Organisms isolated from preoperative synovial fluid aspira-
tion and intraoperative cultures in periprosthetic hip infections

Preoperative Aspiration Intraoperative Cultures

MSSA – 3 MSSA – 13
Coag neg staph – 2 Coag neg staph – 10
Group A strep – 2 MRSA – 8
MRSA – 1 Enterococcus – 6
Staph epidermidis – 1 Group A strep – 5
Fungus – 1 Staph epidermidis – 4
Klebsiella – 1 Pseudomonas – 4
Proteus – 1 E. coli – 3

Acinetobacter – 2
Proteus – 2
Serratia –1
Propionibacter. – 1
Klebsiella – 1
Group B strep – 1
Polymicrobial – 1

60 infected hips 
in 59 patients

(19 acute : 41 chronic)

Initial Surgical 
Procedure (cases; 
success rate)

Debridement PE
7/15 acute healed (47%)

5/14 chronic healed (36%)

One Stage Revision
2/2 acute healed (100%)
4/8 chronic healed (50%)

Two Stage Revision
2/2 acute healed (100%)

12/18 chronic healed (67%)

Girdlestone
1/1 chronic healed(100%)

Infection Eradication
12/15 acute (80%)

14/14 chronic (100%)
Prosthetic Retention

9/15 acute (56%)
5/14 chronic (38%)

31 procedures in 17 pt
11 Debridement ± PE

16 Two Stage
1 One Stage

2 PFR
1 Girdlestone

Final Outcomes and 
Prosthetic Retention

Subsequent Surgical 
Procedures 

6 procedures in 4 pt
1 Debridement ± PE

2 Two Stage
3 One Stage

Infection Eradication
2/2 acute (100%)
6/8 chronic (75%)

13 procedures in 6 pt
2 Debridement ± PE

8 Two Stage
3 One Stage

2 PFR
1 Girdlestone

6 procedures in 4 pt
1 Debridement ± PE

2 Two Stage
3 One Stage

Infection Eradication
2/2 acute (100%)

17/18 chronic (94%)

Infection Eradication
1/1 chronic (100%)

Fig. 1. Flowchart depicting the initial treatment protocols followed in prosthetic joint infection of the hip and their failure rates in acute versus
chronic infection. Subsequent procedures performed, overall rates of prosthetic retention, and ultimate infection status at final follow up of the
patient are included.
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(see Table 4). False-negative rates in the preoperative
aspiration were 46% relative to intraoperative cultures.
Discordance between preoperative aspiration and intraop-
erative culture was 21.4%. S. epidermidis was the most
common organism isolated from early knee PJI, while
CONS and MSSA were more common in chronic infec-
tion (see Table 5). In acute infection, both successful and
unsuccessful initial surgical procedures had similar organ-
ism distributions (see Table 5). In late infection, CONS
was more likely to be present in failed initial procedures
relative to other organisms (see Table 5). Organism dis-
tributions between preoperative aspiration cultures and
intraoperative cultures were similar (see Table 6). Five
patients (8.8%) had positive urine cultures. However,
none of them grew the same organism in urine culture
as in the tissue sample from the knee.

Revision Procedures

Total number of revision surgeries ranged from 1 to 7 (mean,
2.1; SD, 1.4). The initial surgical procedure was debridement
with or without polyethylene exchange in 37 (63.8%), one-
stage revision in 5 (8.6%), and first stage of two-stage revision

in 16 (27.6%) knees (Fig. 2). Based on center, early infection
was treated by debridement with or without polyexchange
(HSS—11, SK—2) and two-stage revisions (HSS—1). For
late infection, initial treatment was debridement with or with-
out polyexchange (HSS—10, RNOH—5, SK—8), one-stage
revision (HSS—1, RNOH—3, SK—1), two-stage revision
(HSS—3, RNOH—8, SK—3).

Surgical debridement as the first revision procedure was
successful in 10/14 or 71% of early infection versus 12/23 or
52% of late infection. Ultimate prosthetic retention was 10/14
or 71% and 14/23 or 61% in these patients due to subsequent
revision procedures or failure of repeat debridements (see
Fig. 2). One-stage revision had initial success in 4/5 or 80%
of late infections (see Fig. 2). Two-stage revision had initial
treatment success in 1/2 or 50% of early infections and 11/14 or
79% of late infections (see Fig. 2). Antibiotic spacers were used
in 22 (81.5%) of the 27 knees that underwent two-stage revi-
sion. Patients who failed initial treatment required many subse-
quent procedures including two cases of arthrodesis (see
Fig. 2). At final follow-up, seven knees (12.1%) were being
treated for persistent infection. The different treatments were
not statistically significant from one another in initial success
rates (p=0.44). Knees with late infection had higher chance of

Table 4 Patient demographics and culture results for periprosthetic
knee infections

N=58 infected total knees in 57 patients

Gender 42.1% Male 57.9% Female
Laterality 55.2% Left 44.8% Right
Age at Primary THA Mean 63y (Range 36-81y)
Onset of Infection Mean 3y 2 m (Range 5 days to 23 years 9 months)
Early Infection (<4 weeks) 27.60%
Late Infection (>4 weeks) 72.40%

Preoperative diagnostic aspiration performed in 53.4%
Positive Cultures 45.2%
Negative Cultures 54.8%

Intraoperative culture performed in all
Positive Culture 79.3%
Negative Culture 20.7%

Table 5 Organisms isolated from preoperative synovial fluid aspiration and intraoperative cultures in periprosthetic knee infections. Isolated
organisms relative to acute versus chronic infections and those that had success or failure of initial surgical procedure

Early Late

Healed Failed Initial Treatment Healed Failed Initial Treatment

Staph epidermidis – 5 Staph epidermidis – 3 MSSA – 4 Coag neg staph – 4
MSSA – 2 MRSA – 1 Staph epidermidis – 4 MSSA – 3
Propionibacter. – 2 MSSA – 1 MRSA – 3 Staph epidermidis – 1
MRSA – 1 Enterococcus – 1 Enterococcus – 2 Propionibacter. – 1
Enterococcus – 1 Polymicrobial – 1 Citrobacter – 1 Group A Strep – 1

Enterobacter – 1 Group B Strep – 1
Pseudomonas – 1 Pseudomonas – 1
Polymicrobial – 1 Enterococcus – 1

Table 6 Organisms isolated from preoperative synovial fluid aspira-
tion and intraoperative cultures in periprosthetic knee infections

Preoperative Aspiration Intraoperative Cultures

Staph epidermidis – 4 Staph epidermidis – 12
MSSA – 3 MSSA – 11
Pseudomonas – 2 Coag neg staph – 6
Propionibacter. – 1 MRSA – 5
Group B Strep – 1 Enterococcus – 4
Coag neg staph – 1 Propionibacter. – 3
Group A strep – 1 Pseudomonas – 3

Polymicrobial – 2
Group A Strep – 1
Enterobacter – 1
Citrobacter – 1
Klebsiella –
Group B strep – 1

40 HSSJ (2014) 10:36–44



revision of prosthesis than those with early infection (p=0.028).
However, the onset of infection did not influence the total
number of revision procedures performed (p=0.283).

Comparison of Infected Total Hip and Total Knee
Arthroplasties

There existed no differences between infected hip and knee
arthroplasties in the incidence of prosthetic revisions, one-
versus two-stage revisions, positive bacterial growth in tis-
sue culture, preoperative aspiration–postoperative culture
discrepancy, or failure of initial treatment protocol (p>
0.05). Late infection (>4 weeks) led to higher rates of
prosthetic revisions in both PJI of hip and knee (p<0.05).

Discussion

Although the rates of infection following total hip and knee
arthroplasty have decreased considerably from 9% in 1964 to
1–2%, the increase in the number of arthroplasties performed
each year has increased the overall burden of PJI [4, 5, 16, 23,
25, 35, 39, 47]. Cost burden to the healthcare system has
reached $500 million in the USA and £200 million in the

UK with associated loss of quality of life due to treatment-
related morbidity and compromised outcomes even after revi-
sion arthroplasty [23, 35, 39]. In order to reduce the burden on
the health-care system and to optimize patient outcomes, it has
become important to devise and refine strategies to diagnose
and treat PJI [23]. In this study, we present the experience in
diagnosis and treatment of PJI in three international, tertiary
referral centers for PJI. The purpose of the present study was
twofold: (1) to compare rate and type of organism isolation
from pre- and intra-operative synovial fluid and tissue cultures
in hip and knee PJI and (2) to compare surgical treatments for
both hip and knee PJI including failure rates and need for
prosthetic revision in our cohort.

This current study has several limitations. The average
follow-up was adequate to screen for the presence of infec-
tion. It is possible that patients with shorter-term follow-up
could present with failure of treatment at a later date that was
not captured within our study interval. This could underes-
timate the failure rates associated with different treatment
protocols. In addition, our follow-up may not be long
enough to judge the outcomes of these treatment protocols
over longer time periods. Differences in hospital protocols
with the preoperative use of ESR, CRP, and intraoperative

58 infected knees 
in 57 patients

(15 acute : 43 chronic)

Initial Surgical 
Procedure (cases; 
success rate)

Debridement PE
10/14 acute healed (71%)

12/23 chronic healed (52%)

One Stage Revision
0/0 acute healed (n/a%)
4/5 chronic healed (80%)

Two Stage Revision
1/2 acute healed (50%)

11/14 chronic healed (79%)

Infection Eradication
14/14 acute (100%)
19/23 chronic (83%)

Prosthetic Retention
10/14 acute (71%)

14/23 chronic (61%)

28 procedures in 15 pt
9 Debridement ± PE

10 Two Stage
4 One Stage
2 arthrodesis

Final Outcomes and 
Prosthetic Retention

Subsequent Surgical 
Procedures

1 procedure in  1 pt
1 Two Stage

Infection Eradication
0/0 acute (n/a%)
4/5 chronic (80%)

12 procedures in 4 pt
2 Debridement ± PE

7 Two Stage
3 One Stage

Infection Eradication
2/2 acute (100%)

12/14 chronic (86%)

±

Fig. 2. Flowchart depicting the initial treatment protocols followed in prosthetic joint infection of the knee and their failure rates in acute versus
chronic infection. Subsequent procedures performed, overall rates of prosthetic retention, and ultimate infection status at final follow up of the
patient are included.
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use of frozen sections precluded the assessment of these
parameters in the diagnosis of periprosthetic infection. Sy-
novial WBC was not available in the retrospective records at
all institutions so they could not be compared. Antibiotic
therapy used for each patient both intravenous and in the
spacers was not available at all centers so could not be
included in the study. Preoperative aspirations were
performed at the discretion of the treating surgeon with no
standardized institutional protocols. The study was a retro-
spective one based completely on hospital records at three
separate international institutions. This requires accurate
record keeping and introduces potential inter-institutional
and inter-surgeon variability in defining the diagnosis and
treatment of periprosthetic infection.

Synovial fluid aspiration and intraoperative tissue culture
have been advocated as critical to the diagnosis of PJI and
organism isolation [10, 22, 24, 25, 34, 36, 39, 41]. Similar to
our study, however, previous studies have identified signif-
icant limitations in our ability to isolate organisms and
diagnose infection from these modalities [6, 18, 27, 40].

In our study, preoperative synovial fluid aspiration had
poor diagnostic accuracy regarding organism isolation. Pre-
operative synovial fluid aspiration yielded an organism in
only 45.2% and 44.4% of cases, respectively, for knee and
hip PJI. While the isolated organism from preoperative
aspiration was accurate if positive, the high false-negative
rates of synovial fluid aspiration relative to intraoperative
culture make early organism isolation a challenge. Organism
virulence did not appear to affect its ability to be isolated by
preoperative aspiration as both high virulence organisms like
MRSA and lower virulence organisms like CONS had dif-
ficulty being isolated by aspiration cultures alone. Previous
studies have shown high false negative rates of synovial
fluid aspiration [6, 18, 27, 40]. Contamination of aspiration
results has contributed to high rates of false positivity in
previous studies [27, 40]. False-negative aspiration results
have been attributed to low concentrations of organisms,
delay in transport or inoculating the sample, inability to
aspirate fluid, and preferential adherence of microorganisms
to the implant or in the bone–cement interface rather than the
synovium [6, 18, 27]. These factors could account for poor
organism isolation from preoperative aspirations.

In our study, intraoperative cultures had improved diag-
nostic results relative to preoperative aspiration; however,
significant rates of negative intraoperative cultures (15% in
hip PJI and 20.7% in knee PJI) made organism isolation
challenging. Previous studies have found limitations to in-
traoperative cultures in organism isolation with a false-pos-
itive rate from 3% to 31.5% and a false-negative rate of 2%
to 18% [3, 11, 13, 27–29, 31, 32, 39, 42, 46]. Potential
causes of false-negative intraoperative cultures include in-
adequate incubation time, inappropriate choice of culture
media, and prior antimicrobial therapy [27]. Methods to
improve the diagnostic accuracy of both preoperative aspi-
ration cultures and intraoperative tissue cultures are critical
to early identification of affecting organisms and providing
targeted antimicrobial therapy.

The second purpose of our study was to compare surgical
treatments for both hip and knee PJI including failure rates

and need for prosthetic revision in our cohort. Open debride-
ment with prosthetic retention was the most common initial
revision procedure performed in our cohort (48.3% of hip
PJI and 63.8% of knee PJI). This method of revision failed
in 58.6% of hip PJI and 40.5% of knee PJI. This was
performed in the cases of acute (<4 weeks) infection and
in some cases of late infection. Inter-institutional and inter-
surgeon variability existed in selecting candidates for this
initial treatment across centers. In certain cases, debridement
with prosthetic retention was attempted prior to prosthetic
exchange to avoid patient morbidity and health-care costs
associated with prosthetic replacement especially in cases
where symptoms may have been present for less than a
couple of weeks. Early infection and knee PJI were more
likely to be treated successfully with debridement and pros-
thetic retention relative to hip PJI and late infections. Ulti-
mately, 23.3% of hip PJI and 41.3% of knee PJI were able to
retain their implant and avoid costly and morbid revision
procedures. The use of irrigation and open debridement as
an initial treatment protocol in PJI remains controversial.
Early (< 2 weeks) hematogenous infection with low-viru-
lence organisms demonstrates the best results with this treat-
ment modality, while longer infectious periods and high-
virulence organisms such as MRSA have higher failure rates
[7, 9, 21, 23].

Initial failure rates for prosthetic revision was lower than
debridement with prosthetic retention but remained substan-
tial in both hip PJI (initial failure of one stage exchange 40%
and two stage exchange 30%) and knee PJI (initial failure of
one stage exchange 20% and two stage exchange 25%). For
patients with initial failure, a significant number of subse-
quent revision procedures are necessary to achieve infection
eradication. Two-stage exchange is generally considered to
be the gold standard treatment for infected total hip and knee
arthroplasty and is generally more effective than the
one-stage exchange in most patients [8, 14, 20, 30, 48].
Cuckler et al. report no recurrence of infection with an
average follow-up of 5.4 years for 44 infected total knee
arthroplasties treated with two-stage revision using articulat-
ing spacers [8]. Toulson et al. found that, at a minimum of 2-
year follow-up, 94% of patients had been reimplanted and
95% remained infection free with two-stage exchange [44].
A one-stage cementless revision may be effective in careful-
ly selected patients with a low-virulence organism [48]. The
high failure rates of initial prosthetic exchange in our study
highlight the need for multiple exchange procedures and the
significant morbidity involved in treating patients with PJI
even in cases that ultimately successfully eradicate the
infection.

In conclusion, preoperative aspiration has low diagnostic
yield in identifying organisms responsible for PJI with a
high false-negative rate relative to intraoperative cultures. Ad-
ditionally, false-negative intraoperative cultures remain prob-
lematic in organism identification. In regard to treatment of PJI
in this international cohort, significant failure rates of initial
procedures exist with or without prosthetic exchange across all
the major centers. Inter-institutional standardized protocols to
identify the most cost-effective strategies for managing these
patients are necessary to optimize patient outcomes.
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