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Abstract

Purpose The pre-operative differential diagnosis between periprosthetic joint infections (PJIs) and aseptic failure is chal-
lenging particularly in low virulence and biofilm-related infections. This study aimed to assess the incidence and survival of
patients with unexpected PJIs in a presumed aseptic revision of total hip (THA) and knee (TKA) arthroplasties.

Methods A retrospective analysis of a prospective cohort of patients was performed with 295 patients undergoing THA
(n=241) or TKA (n=>54) revision for presumed aseptic causes. Patients were diagnosed with unexpected PJI taking into
account leukocyte count in the synovial fluid, sonicate, synovial culture, and tissue cultures of samples collected during
surgery. The primary endpoint was the infection-free implant survival rate at theone year follow-up.

Results The unexpected PJIs were 60 out of 295 (20.3%), whereas 235 (79.7%) were aseptic revisions. In the unexpected
PII group, 6 (11.1%) patients underwent knee revision and 54 (22.4%) hip revision. At the one year follow-up, one patient
(1.6%) in the unexpected PJI group and 3 (1.3%) in the aseptic group (p = 1.0) failed for infection. The infection-free implant
survival rate at the one year follow-up was 98.3% (C.I. 95%, 94.9-99.9%) for the unexpected PJI group and 98.7% (C.1. 95%,
97.3-99.9%) (p=0.82) for the aseptic group.

Conclusion The incidence of unexpected PJIs in a presumed aseptic revision of THAs and TKAs has been previously
underestimated. The infection-free implant survival rate at the one year follow-up in patients with unexpected PJIs was not
significantly lower compared with patients undergoing aseptic revision.
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Introduction of failure of the total hip (THA) and knee (TKA) arthroplas-

ties in 15% and 25% of cases, respectively [2, 3].

Periprosthetic joint infections (PJIs) are one of the most seri-
ous complications in prosthetic surgery and the most fre-
quent cause of early revision [1]. They constitute the cause
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The correct preoperative diagnosis is crucial to choos-
ing the proper management. The Society of Musculoskeletal
Infections (MSIS) developed a definition of PJIs based on
the integration of clinical and laboratory data [4]. Subse-
quently, these criteria have been revised to develop a more
effective scoring system providing a sensitivity of 97.7% and
a specificity of 99.5% for PJIs [5]. However, the preoperative
differential diagnosis between PJI and aseptic failure is still
particularly challenging in low-virulence and biofilm-related
infections. Biofilm-forming bacteria often remain in a dor-
mant state without significant elicitation of the host response
and complicating conventional diagnostic and therapeutic
approaches [6]. Since the diagnosis often results from the
data collected during surgery, the incidence of PJIs is likely
higher than reported by joint registries. Previous authors
reported that the rate of PJIs in patients undergoing aseptic

@ Springer


http://orcid.org/0000-0001-8569-0669
http://crossmark.crossref.org/dialog/?doi=10.1007/s00264-021-05137-8&domain=pdf

2792

International Orthopaedics (2021) 45:2791-2796

revision arthroplasties ranges from 6 to 13.5% [7-13]. How-
ever, the outcome of patients with unexpected positive
intra-operative cultures during prosthetic revision surgery
for presumed aseptic failure is still unclear. Some authors
reported a higher risk of re-revision for any causes and infec-
tion in patients with unexpected PJIs when compared with
patients undergoing culture-negative revision [7, 9]. On the
other hand, some authors reported no statistically significant
difference in the number of re-revisions between the unex-
pected PJI group and the aseptic loosening group [11, 13].
Moreover, different classification systems for the diagnosis
of PJI have been used among the previous studies preventing
a direct comparison of their results.

The aim of the present study was to assess the incidence
and clinical outcome of patients with unexpected PJIs at the
time of presumed aseptic revision of THAs and TKAs. The
primary endpoint was the infection-free implant survival rate
at the one year follow-up in patients with and without unex-
pected PJIs. The null hypothesis was that the infection-free
implant survival rate at one year would not be higher in the
group of unexpected PJIs as compared to the aseptic group.

Patients and methods

All presumed aseptic partial or total one-stage revisions of
THA or TKA performed in our academic tertiary referral
center in the period 2016-2019 were assessed. All proce-
dures were performed by the same team of experienced,
high-volume orthopaedic surgeons. The most common
causes of revisions included aseptic loosening (80%), malpo-
sition (7%), and polyethylene wear (4%). All causes of revi-
sions are reported in Table 1. The exclusion criteria included
previous history of infection in the index joint, pre-operative
diagnosis of PJI, intra-operative evidence of visible puru-
lence in the synovial fluid or surrounding the prosthesis,
revision surgery for spacer removal and reimplantation, and
the use of antibiotic within weeks prior surgery.

Pre-operative assessment included physical examination,
laboratory tests including CRP and ESR, and plain radio-
graphs including anterior—posterior (AP) view of the pelvis
and axial view of the hip for THA, AP and lateral view of the
knee, axial views of patella, and full-length weight-bearing
view of bilateral lower extremities for TKA. Bone scintigra-
phy, CT scan, or MRI was performed according to surgeon
preference.

The pre-operative joint aspiration was indicated for CRP
and/or ESR elevation, or a high clinical suspicion for PJIs
due to multiple surgery or history of surgical site infection
in the index joint or prior PJI. In the present study, no patient
had preoperative joint aspiration with synovial fluid leuko-
cyte count and culture.
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At radiographic assessment, the loosening of the stem has
been defined as a progressive axial radiolucency greater than
3 mm, or a varus/valgus deviation from the femoral shaft
axis greater than 3° [14]. Loosening of the acetabular cup
has been defined by a change greater than 2 mm in the hori-
zontal and/or vertical position with an adjacent radiolucent
zone, or a radiolucent zone greater than 3 mm [15]. For the
TKA, the loosening was defined as a>2-mm or progressive
zone of radiolucency at the cement-bone or metal-cement or
metal-bone interface, and/or an interval change in position
of the components [16]. For the THA, the polyethylene wear
has been defined by the eccentric position of the femoral
head with respect of the acetabular cup in AP and/or lateral
view. For TKA, the polyethylene wear has been defined by
a not equivalent joint space medially and laterally in the AP
view. The presence of heterotopic ossification in THA was
evaluated according to Brooker’s classification [17].

The malposition of the implant has been defined by pros-
thetic or bony or soft tissue impingement for THA [18], and
over- or under-sizing of components for TKA. In patients
with fixed metal on metal implants, revision surgery was
performed for a large thick-walled pseudotumour at MRI, or
extremely high metal ion levels (> 10-20 ppb) in the serum
or whole blood [19].

All procedures were performed by the posterolateral
approach with the patient in lateral decubitus for the hip sur-
gery, and through the standard medial parapatellar approach
for the knee surgery. The antibiotic prophylaxis with cefa-
zolin or clindamycin was administered in all patients before
surgery. Because all patients were eligible for presumed
aseptic prosthetic revision, none received antibiotic therapy
before the index surgery. Synovial fluid has been collected
before to perform capsulotomy to prevent any blood contam-
ination. During surgery, from five up to seven intra-operative
periprosthetic tissue samples were obtained for microbio-
logical analysis. The removed prosthesis has been sonicated.

After surgery, all patients received an empiric antibiotic
treatment with vancomycin and piperacillin-tazobactam,
vancomycin and ciprofloxacin or levofloxacin, or cefazolin
until microbiological results were available. The antibiotic
regimen was decided on the basis of patient risk factors or
intolerance to penicillin. The empiric antibiotic treatment
has been interrupted after seven days in patients without evi-
dence of PJIs. In patients with unexpected PJIs, the antibiotic
treatment was etiologic in culture-positive cases and empiric
in culture-negative cases with duration of three months.

Unexpected PJIs was established in the absence of vis-
ible purulence in the synovial fluid or surrounding the
prosthesis, and testing positive for at least one of the fol-
lowing criteria [20]: leukocyte count >2000/pl or > 70%
granulocytes (PMN) in synovial fluid, > 50 CFU/ml in
sonication fluid, positive synovial culture, two or more
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Table 1 Patient population characteristics
Characteristic Aseptic revision (n=235) Unexpected PJI (n=60) Total group (n=295) p value
Age, mean=+SD 67.7+11.2 66.5+13.3 67.5+11.6 0.50
Gender, F/M, n (%) 153/82 (65.1/34.9) 30/30 (50/50) 183/112 (62/38) 0.03"
Joint
e Hip (%) 187 (79.6) 54 (90) 241 (81.7) 0.04"
e Knee (%) 48 (20.4) 6 (10) 54 (18.3)
BMI kg/m? 27+4.4 26.7+3.9 28.3+4.7 0.72
ASA classification, n (%)
ol 40 (17) 12 (20) 52 (17.6) 0.37
oll 142 (60.4) 31 (51.7) 173 (58.6)
o III 53 (22.6) 17 (28.3) 70 (23.8)
CCI score category, n (%)
e (0-1 46 (19.5) 15 (25) 61 (20.7) 0.09
©2-3 124 (52.7) 33 (55) 157 (53.2)
e 4-5 63 (26.8) 9 (15) 72 (24.4)
>0 2() 3(5 5(1.7)
Smoking, n (%) 55 (20.7) 7(22.5) 62 (20.8) 0.74
Diabetes mellitus, n (%) 14 (5.3) 2(6.4) 16 (5.4) 1.0
Rheumatoid arthritis, n (%) 11 4.1) 2 (6.4) 13 (4.4) 0.75
Medical history previous revision, n (%) 11 4.1 2(6.4) 13 (4.4) 0.75
Preoperative CRP, mean+SD 0.6+1.3 09+1.3 0.8+1.3 0.22
Preoperative ESR, mean +SD 23.2+20.9 26.8+24.9 23.6+20.9 0.37
Reason for revision, n (%)
e Aseptic loosening 190 (81.5) 44 (74.3) 238 (80.7) 0.21
e Malposition 16 (6.8) 6(9.7) 21(7.1) 0.41
e Recurrent dislocation 52.2) 2(3.2) 7(2.3) 0.63
e Polyethylene wear 10 (4.1) 2(3.2) 12 (4) 1.0
e Metallosis 7(3.1) 2(3.2) 9(@3.1) 1.0
o Periprosthetic fracture 1(0.4) - 1(0.3) -
e Limb length discrepancy 1(0.4) 2(3.2) 2(0.7) 0.11
o Eterotopic ossification 5(1.5) 2(3.2) 5(L.8) 0.63

BMI body mass index, ASA American Society of Anesthesiologists physical status classification, CCI Charlson Comorbidity Index, CRP C-reac-

tive protein, ESR erythrocyte sedimentation rate, SD standard deviation, F female, M male

“Statistically significant difference

positive tissue cultures, or only one positive tissue culture
for high virulent pathogens (e.g., Staphylococcus aureus).

The definition of failure of treatment was performed
with a Delphi-based consensus using the following crite-
ria at the one year follow-up: (I) the eradication of infec-
tion, characterized by a healed wound without a fistula,
drainage, or pain and without recurrence caused by the
same organism, (II) no subsequent surgery for persistent
or peri-operative infection, (III) no mortality related
to the infection, and (IV) no requirement for long term
(> 6 months) antibiotic suppression treatment.

Statistical analysis

Descriptive statistics were used for continuous variables,
proportions for categorical variables. The Student’s T
and y? tests were performed to evaluate significant dif-
ferences between continuous and categorical variables,
respectively. The infection-free implant survival rate at
the one year follow-up in patients with and without unex-
pected PJIs was estimated with the Kaplan—Meier curve.
Patients undergoing re-revision for aseptic failure or died
during the study period were censored. The log-rank test
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was performed to compare the survival distributions of the
two cohorts of patients.

The software IBM SPSS Statistics 21 (IBM Corp,
Armonk, NY, USA) was used for the statistical analysis. A
value p < 0.05 has been considered significant.

Results

In the index period, 295 patients underwent presumed asep-
tic revision of joint arthroplasty. Demographic character-
istics are reported in Table 1. Fifty-four patients (18.3%)
underwent knee revision and 241 patients (81.7%) hip revi-
sion. The median age was 67.5 years (range, 32.6-90.2).
The average follow-up was 19.2 months (range, 12—40.8).

In patients undergoing TKA revision, 52 out of 54
(96.3%) received a total revision, and two (3.7%) had
replacement of the patella. In patients undergoing THA
revision, 87 out 241 (36.1%) received a total revision, 122
(50.6%) had a cup revision, 12 (5%) had a stem revision, and
the remaining 20 (8.3%) had revision of the mobile com-
ponents. All TKA revisions were cemented. Among the
THA revisions, 211 out of 221 (95.48%) were cementless,
five (2.26%) were cemented, and five (2.26%) were hybrid/
reverse hybrid. In all the THA revisions, the cement was
without antibiotic. Among TKA revisions, the cement was
with antibiotic in 28 out of 54 (51.8%), and without antibi-
otic in 26 (48.2%).

The number of unexpected PJIs was 60 out of 295
(20.3%), whereas 235 patients (79.7%) were negative for
infections. Among the 60 patients diagnosed with unex-
pected PJI, six patients underwent knee revision (11.1%
of TKA revisions) and 54 hip revision (22.4% of THA
revisions).

Nine patients had leukocyte count >2000/pl or >70%
granulocytes (PMN) in synovial fluid, 21 patients
had > 50 CFU/ml in sonication fluid, six patients had two
or more positive tissue samples, and only one patient had
one positive tissue culture for S. aureus. Twenty-three
patients were positive for more than one of the above cri-
teria (Table 2). Among the 21 different pathogens isolated,

Table 2 Criteria for the diagnosis of unexpected PJI

Table 3 Microbiological findings in patients with unexpected PJIs

Pathogen isolated N of patients Stain
(n=51)

Aspergillus fumigatus 2 -

Bacillus 1 Gram positive
Corynebacterium species 1 Gram positive
Corynebacterium striatum 1 Gram positive
Enterococcus faecium 2 Gram positive
Microbacterium species 1 Gram positive
Propionibacterium acnes 7 Gram positive
Pseudomonas aeruginosa 1 Gram negative
Ralstonia pickettii 2 Gram negative
Staphylococcus aureus 3 Gram positive
Staphylococcus capitis 3 Gram positive
Staphylococcus caprae 1 Gram positive
Staphylococcus epidermidis 17 Gram positive
Staphylococcus lugdunensis 1 Gram positive
Staphylococcus warneri 1 Gram positive
Streptococcus agalactiae 1 Gram positive
Streptococcus bovis group 1 Gram positive
Polymicrobial infections 5 -

18 were gram-positive, two were gram-negative, and one
was a fungus. Among these, five were polymicrobial infec-
tions. Nine (15%) out of 60 patients had an unexpected
culture-negative PJI. Table 3 shows the microbiological
findings in patients with unexpected PJIs.

At the one year follow-up, one patient with THA revi-
sion in the unexpected PJI group, and two patients with
THA revision and one with TKA revision in the aseptic
group failed for infection (1.6% versus 1.3% p=1.0). The
patient in the unexpected group is scheduled for a two-
stage revision. In the aseptic group, two patients were man-
aged with an early debridement, antibiotics and implant
retention (DAIR), and one with a two-stage revision. The
infection-free implant survival rate at the one year follow-
up was 98.3% (C.I. 95%, 94.9-99.9%) for the unexpected
PII group and 98.7% (C.1. 95%, 97.3-99.9%) (p =0.82) for
the aseptic group.

Yes n (hip:knee) No n (hip:knee) Unknown n Positivity % (hip:knee) Unknown % (hip:knee)
(hip:knee)
WBCs>2000/pl or>70% PMNs 14 (12:2) 12 (10:2) 34 (32:2) 53.8 (22.2:33.3) 56.7 (59.3:33.3)
in synovial fluid

Positive tissue cultures >2 28 (26:2) 32 (28:4) - 46.7 (48.1:50) -

Positive tissue cultures <2 7 (7:0) 53 (47:6) - 11.7 (13:0) -

> 50 CFU/ml in sonication fluid 43 (39:4) 10 (9:1) 7 (6:1) 81.1 (72.2:66.6) 11.7 (11.1:16.7)
Positive synovial fluid culture 8 (8:0) 36 (31:5) 16 (15:1) 18.2 (14.8:0) 26.7 (27.8:20)
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Among patients undergoing TKA revision, none out of
six patients in the unexpected PJI group and one out of 48
in the aseptic group failed due to infection (0 versus 2%,
p=0.12). The infection-free implant survival rate at the
one year follow-up was 100% for the unexpected PJI group
and 97.9% (C.1. 95%, 93.7-99.9%) (p =0.72) for the aseptic
group. Among patients undergoing THA revision, one out
of 54 patients in the unexpected PJI group and two out of
187 in the aseptic group failed due to infection (1.8% versus
1%, p=0.2). The infection-free implant survival rate at the
one year follow-up was 98.1% (C.I. 95%, 94.5-99.9%) for
the unexpected PJI group and 98.9% (C.1. 95%, 97.3-99.9%)
(p=0.66) for the aseptic group.

At the one year follow-up, 5 out of 295 (1.7%) patients
had further surgery for aseptic reasons: one patient in the
unexpected PJI group (1.6%) and four in the aseptic group
(1.7%) (p=1.0). The causes of failure included patellar ten-
don rupture in the replaced knee for the unexpected group,
and hip dislocation (n=3) and great trochanter fracture
(n=1) in the aseptic group.

Discussion

The present study reported no statistically significant dif-
ference in terms of infection-free implant survival rate at
the one year follow-up between the aseptic and unexpected
PJI groups. In this respect, unexpected PJIs seem to be low-
grade infections successfully managed with one-stage revi-
sion followed by long antibiotic therapy according with the
isolated pathogen. Some authors previously reported no sta-
tistically significant difference in the number of re-revisions
between the unexpected PJI group and the aseptic loosen-
ing group [11, 13]. On the other hand, Fernandez-Sampedro
et al. [8] reported a greater number of implant failure at the
two year follow-up in the PJI group compared with the asep-
tic loosening group (37.5% versus 1.1%, p <0.0001). Jacobs
et al. [9] demonstrated a significantly lower infection-free
implant survival rate at two years in the PJI group compared
to the aseptic group in patients who underwent TKA revision
(88% versus 98%, p=0.001). Following THA revision, no
significant difference has been found between PJI and aseptic
groups (92% versus 94%, p=0.31).

Our results suggest that the diagnosis of unexpected
PJI in both hip and knee presumed aseptic revisions does
not affect the survival at the one year follow-up. In previ-
ous studies [8, 9], only half of patients received a long
post-operative antibiotic therapy. Although the authors did
not report a significantly lower risk of implant failure in
patients with longer post-operative antibiotic regimens, the
numbers were small to achieve meaningful conclusions.
In our study, all patients with unexpected PJI received
three months of etiologic or empiric antibiotic therapy.

Therefore, we could hypothesize that the long post-opera-
tive antibiotic therapy may explain the excellent survival
in both hip and knee procedures with respect to the litera-
ture. Further studies should investigate the proper schedule
for the post-operative antibiotic therapy in these patients
in order to avoid overtreatment.

The present study reported an incidence of unexpected
PIIs of 20%. This value is higher compared to what previ-
ously reported in the literature [7—13], particularly for the
THA revision (22.4% versus 12.1%) compared with TKA
revision (11.1% versus 7.9%) [9]. The discrepancy is mostly
due to the heterogeneity of the criteria for defining an unex-
pected PJI. The majority of the published studies mainly
considered positive intra-operative tissue cultures for the
diagnosis of PJI. On the other hand, in the present study fur-
ther criteria have been taken into account, such as positive
sonication fluid, synovial fluid culture, or increased white
blood cell count. In this respect, 15% of the unexpected
PJIs were culture-negative. To our knowledge, this is the
first study taking into account a wide spectrum of PJIs also
including the culture-negative patients.

The most common organisms in culture-positive PJIs
were low-virulence bacteria such as Staphylococcus epider-
midis (33%) and Propionibacterium acnes (14%), as previ-
ously reported [9]. However, high-virulence bacteria such as
Staphylococcus aureus (6%) and Pseudomonas aeruginosa
(2%) were also isolated suggesting that these pathogens
can also determine low-grade or very low-grade infection.
Moreover, 5% of culture-positive unexpected PJIs were pol-
ymicrobial. Although polymicrobial PJIs reported poorer
outcome compared with monomicrobial infections [21], no
difference in terms of infection-free implant survival rate at
the one year follow-up was found between high- and low-
virulence monomicrobial and polymicrobial infections.

Nevertheless, some limitations are present in this study.
The follow-up period was short. Although the vast majority
of infections appeared within one year, some late failures
could be missed. Then, since all unexpected PJI patients
received three months of antibiotic therapy we were not
able to compare short versus long post-operative antibiotic
therapy, and we cannot determine whether certain patients
were unnecessarily treated. In addition, heterogeneity of
the antibiotic regimens was present. Lastly, some difference
was also present among the surgical procedures since we
included both partial and total revisions, but this was useful
in order to enlarge the study groups.

In conclusion, the incidence of unexpected PJIs at the
time of presumed aseptic revision of total hip and knee
arthroplasties has been previously underestimated. The
infection-free implant survival rate at the one year follow-
up in patients with unexpected PJIs was not significantly
lower compared with patients undergoing aseptic revision.
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