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Abstract 

Introduction: Periprosthetic Joint infections (PJIs) still represent one of the most challenging complications in orthopaedic 
reconstructive surgery. The aim of our work is to present a retrospective observational analysis with 20 years of follow 
up of PJIs referred to a single center equipped with a regional referral infectious diseases department. Materials and 
methods: 368 case of deep PJIs following a primary or revision hip and knee arthroplasty procedure referred to our center 
between January 1996 and December 2016 were included in the study. Criteria of inclusion in the study was a primary 
PJI entirely managed in our hospital. We collected demographic data, risk factors, microbiology (identification pathogenic 
agent), previous surgical treatments, type of implant, diagnostic criteria of infection, type of infection and medical or 
surgical treatments performed in our institution Results: A total of 200 (54,3%) infection occurs in hip arthroplasty and 
168 (45,7%) in knee arthroplasty. Mean age was 64,7 years. The majority were late infections (58,8%). Respectively 
polymicrobial infections was identified in 83 (22,6%) cases and in 54 (14,7%) patients no isolation was possible. S. Aureus 
was the most frequently identified pathogen. The major risk factors were hypertension in 254 (69,1%), cardiovascular 
diseases in 167 (45,7%), obesity in 97 (26,5%) and diabetes mellitus in 92 (25%). Discussion: Epidemiological analysis of 
PJI in our hospital which collects data relating to the last 20 years, has permitted to obtain a summary of our scenario. 
Ideal PJI management should include an accurate patient history considering carefully risk factors, patients conditions, 
and previous surgical procedures ideally in a multispecialist enviroment. 
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INTRODUCTION 

Periprosthetic joint infection (PJIs) incidence following hip and knee arthroplasty have been reported in 

literature to be around 1-2,5% [1, 2, 3, 4]. Bacteria and less frequently fungi and mycobacteria can colonized 

and adhere to the implant via hematogenous dissemination or directly during surgery creating a 

polysaccharidic biofilm not permeable to both immunological response and antibiotic activity [1, 3]. Micro-

organisms more frequently causing PJI in the United States are Staphylococcus aureus and Staphylococcus 

epidermidis, in Europe coagulase negative Staphylococcus, Enterococcus, Streptococcus and Gram 

negatives with the Propionibacterium acnes as the most frequent isolated anaerobic bacteria in PJI [5, 6]. 

Several definitions of PJIs have been suggested in literature until 2018 when an International Consensus 

Meeting (ICM) published well restricted definitions, based on major and minor criteria (Table 1) [7-13]. 

Likewise in literature patient-related and procedure-related factors have been reported as increasing risk 

to develop PJIs such as tobacco use, diabetes mellitus, obesity, corticosteroid use, psoriasis, rheumatoid 

arthritis, a history of bone cancer, immune system deficiencies, revision surgery and operating time [14-15]. 

By 2020 the cost of treating PJIs in the United States is estimated to be around $ 1,62 billion with 60,000-

70,00 knee and hip arthroplasties will require treatment for PJI and similarly even in some European country 

it has been estimated an annual increase of 5% of costs related to PJI [1, 2, 16, 17]. 

In the majority of western country a national arthroplasty registry is available collecting data on surgical 

procedures and explaining reason of implant failures including PJI. However just reporting PJI incidence is 

not sufficient to well define clear PJI epidemiological guidelines including correct prophylaxis especially in 

countries with different microbiological epidemiology and with a high rate of multidrug resistant pathogen. 



 Hong Kong J Orthop Res 

 

70 

Aim of this retrospective epidemiologic study was to describe a 20 years 
complete scenario of knee and hip PJIs primarily managed in a single 
academic hospital equipped with a regional referral infectious disease 
department in a metropolitan European area to suggest proper 
multispecialist guidelines in managing these complex cases. 

MATERIALS AND METHODS 

Assessing retrospectively the Hospital Discharge Forms between January 
1996 and December 2016 and using ICDM-9-CM classification (code 
996.66) corresponding to infection and inflammatory reaction from hip 
and knee prosthesis, we selected all the deep PJIs managed in a single 
academic hospital equipped with a regional referral infectious disease 
department in a metropolitan European area, in Northern Italy. 

As a reference center for infection diseases our hospital receives 
multiple patients, often following multiple failures, with a treatment for 
PJI already started in other hospitals making the epidemiological 
scenario not objective. On this purpose, to avoid any bias influencing the 
epidemiological sample, we included in the study only patients affected 
by a PJI following a primary or revision arthroplasty procedure entirely 
identified and treated in our hospital. Patients referred to our hospital 
for any treatment with already a confirmed diagnosis of PJI and patients 
with a diagnosis of PJI ruled out in our institution but having a treatment 
in another center or with incomplete data were excluded. According to 
these strict criterias 368 patients were eligible in our study from a 
population of 407 patient with diagnosis of infection and inflammatory 
reaction from hip and knee prosthesis. 

We collected demographic data, clinical data, surgical data and 
microbiological data creating an 4 sections database including: 

- section 1: age, sex, original diagnosis requiring replacement and 
commorbities affecting the patients;  

- section 2: previous surgical treatments, site and type of implant;  

- section 3: presence of infection criteria according to 2013 Philadelphia 
International Consensus Meeting (ICM), infection occurance, 
pathogenic agent;  

- section 4: medical or surgical treatments. 

Primary surgical procedure were registered implant features according 
if partial (hemiarthroplasty and unicompartimental) or total 
arthroplasty and type of fixation (cemented or uncemented). According 
to Philadelphia International Consensus Meeting PJI infection criteria 
were registered as either major or minor (Table 1) and assuming a 
diagnosis of PJI when either one of the major criteria or simutaneosuly 
5 minor criteria were present despite a missing pathogen identification 
[7-13]. PJI were furtherly classified according to the occurrence criteria 
according to Zimmerli et al. and divided in early (occurred during the 
first 3 months post-surgery ), delayed (occurred between 3 to 24 months 
after surgery ) and late infections (occurred more than 24 month after 
surgery) [10]. All patients include in the study had at least a blood and/or 
a synovial fluid cultures obtained before and during surgery if surgically 
managed. Routinely during the surgical procedure a minimum of 5 
specimens were taken from each joint and sent for anaerobic/aerobic, 
fungal and acid-fast bacteria culture growth. Cultures were all incubated 
in appropriate conditions till possible germ identification for a maximum 
of 14 days and all the identified pathogen were collected. Finally 
antibiotic therapies, considering both the pharmacological class and the 
mean of pharmacological cycles as well as surgical procedures types and 
numbers, were all collected. 

Table 1: Definition criteria of periprosthetic joint infection according to 
the International Consensus Group on Periprosthetic Joint Infection 

Major 
criteria 

Two positive periprosthetic cultures with phenotypically identical 
organisms OR a sinus tract communicating with the joint. 

Minor  

 

criteria 

Elevated serum C-reactive protein (CRP) and erythrocyte 
sedimentation rate (ESR), Elevated synovial fluid white blood cell 
(WBC) count OR ++change on leukocyte esterase test strip OR 
Elevated synovial fluid polymorphonuclear neutrophil percentage 
(PMN%), Positive histological analysis of periprosthetic tissue, a 
single positive culture. 

 

Statistical Analysis 

Statistical processing was carried out with SPSS (Statistical Package for 
Social Science) (IBM SPSS, Chicago, IL, USA), version 11.0, with a level of 
nominal significance of p< 0,05. All analyses were performed by SPSS 
17.0 (IBM SPSS, Chicago, IL, USA). 

RESULTS 

The demographic data are collected in table 1 with a mean of 136 
(37,1%) males patients and 232 (62,9%) females and the mean age was 
74.7 years (range 63-81) (Figure 1). There were 312 primary 
arthroplasties and 56 revision procedures with respectively the 
following diagnosis leading to the original reconstructive procedure: 
primary osteoarthritis in 223 (60.1%), post-traumatic arthritis in 68 
(18,4%) patients, aseptic mobilization with device failure in 54 (14,7%), 
congenital hip dysplasia in 7 (2%), femoral avascular necrosis in 11 
(4.4%), previous septic arthritis in 5 (1,4%). Likewise there were 238 
(64.7%) cemented implants were cemented and 130 (35.3%) not 
cemented. 

 

Figure 1: Sex distribution in our cohort 

The patients reported respectively hypertension in 254 (69,1%) patients, 
cardiovascular diseases in 167 (45,6%), obesity (body mass index>35) in 
88 (26,5%), type 2 diabetes in 82 (25%), any neoplastic disease in 59 
(16,2%), long-term corticosteroid use in 37 (10,3%), any other 
immunosuppression in 22 (8,8%), alcohol abuse in 7 (3%) and 
rheumatoid arthritis in 5 patients (1,5%) with 257 (70%) of the all the 
patients referring simultaneously at least 2 comorbities (Table 2) and 
102 (40%) of the all the patients referring previous replacement. The 
median BMI value of our sample was 26,75 Kg/m2.  
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Table 2: Prevalence of risk factors for PJIs in our sample 

Risk factors % n 

Hypertension 69 254 

Cardiovascular disease 45,6 167 

Diabetes 25 82 

Chronic steroid use 10,3 37 

Cancer 16,2 59 

Immunosoppression 8,8 22 

Alcohol abuse 3 7 

Rheumatoid arthritis 1,5 5 

Previous replacement 40 102 

Obesity 26,5 88 

 

 

Figure 2: Risk factors distribution in our cohort 

PJI was identified were respectively in 200 (54,3%) hip arthroplasty and 
in 168 (45,7%) in knee arthroplasty, with 35 (17,7%) partial hip 
replacement and 16 (9,5%) partial knee replacement. According ICM 
criteria in 169 (46%) cases, PJI diagnosis was based on identification of 
one major criteria and in 199 (54%) because the concomitant presence 
of 3 minor criteria. According to Zimmerli classification, we divided PJI 
respectively in late infections in 216 patients (58,8%), early infections in 
121 patients (33%) and delayed infections in 30 patients (7,9%) [11]. 

We could not identified any pathogens in 54 patients (14.7%), a single 
pathogen in 231 patients (62,7%) and a polymicrobial flora in 83 patients 
(22,6%) (Table 3). Staphylococcus aureus (MSSA) was identified in 107 
(28%) patients, a coagulase negative Staphylococcus in 66 (18%) 
patients, Gram negative microorganisms in 59 (16%) patients, 
Staphylococcus aureus (MRSA) in 33 (9%) patients, Gram positive 
microorganisms in 33 (9%) patients and Staphylococcus aureus 
Vancomycin resistant in 14 (3,5%) patients. 

Table 3: Prevalence of microbiological agent in our cohort 

Isolate % N 

Polymicrobial flora 22,6 83 

Staphylococcus aureus (MSSA) 28,6 107 

Staphylococcus coagulase negative 18,7 66 

Gram negative microorganism 15,8 59 

Staphylococcus aureus (MRSA) 9 33 

Gram positive microorganism 9,7 33 

Staphylococcus aureus Vancomycin resistant 3,5 14 

No isolation 14,71 54 

In our institution all surgeries were performed by 4 experienced, 
specialty-trained hip and knee surgeons, with greater than 10 years 
experience. 

In our group 332 (90%) of the patient s underwent to a surgical 
procedure always in association with antibiotic therapy, while in the 
remaining 36 (10%) of cases received only a soppressive antibiotic 
therapy because either medical contraindication to any further surgical 
procedure or a patient refusal to any surgical procedure. The median of 
antibiotic therapy was approximately 4.3 weeks for patients undergoing 
one-stage revision, approximately 3.7 weeks pre-operative and then 
approximately 8.5 weeks between first surgery and second surgery in 
patients undergoing two-stage revision and approximately 1.2 weeks for 
patients undergoing DAIR. We performed respectively joint 
debridement in association with antibiotics and implant retaining (DAIR) 
in 173 (47%) of cases, a 2-stages revision in 147 (40%) and a 1 stages 
arthrodesis in 11 (3%). DAIR was adopted in all the 3 infection 
categories: 115 (66% of all all DAIRS) in early infection (within 3 months 
from occurrence) and 3(1%) and 55 (31%) respectively in late and 
delayed infection. Two stage revision was performed equally in both late 
delayed infection. Surprisingly one of the cases of arthrodesis was 
adopted in an early infections case because multiple progressive 
failures. 

Table 4: Prevalence of surgical and therapeutic approach 

Treatment Percentage of cases N 

Soppressive antibiotic therapy 10% 36 

Debridement and wash-out 47% 173 

Prosthetic revision in 2 steps 40% 147 

Prosthetic revision in 2 steps with arthrodesis 3% 12 

 

The most common prescribed antibiotic classes were glycopeptides in 
30% of the overall antibiotic treatments cases, beta-lactams in 21%, 
quinolone antibiotics in 17%, rifampicin in 11%, carbapenems in 8%, 
aminoglycosides in 5%, co-trimoxazole in 5%, lipopeptides in 3%, 
oxazolidinones in 1.5% and lincosamides in 1.5% of the overall antibiotic 
treatments.  

According to univariate and multivariate logistic regression analysis our 
data showed that the risk of an early infection onset is equal to 1,05 
(95% CI: 1.015-1.110; P-Value = 0.057) times higher for each year of 
patient’s age, the risk of infection by Gram negative microorganisms is 
6,33 (95% CI: 2.006-18.627; P-Value < 0.05) times higher for each year 
of patient’s age 

DISCUSSION 

PJI represents one of the most fearful complications of prosthetic 
surgery, being responsible for high morbidity because of complex 
surgical and medical treatments with enormous healthcare costs [1-6]. 
Dedicated risk assessment scales for PJI development have been 
recently proposed by several authors, in order to identify pre-
operatively the patients with a higher risk of post-operative PJI with no 
general agreement on which of this scores could be considered the most 
reliable ones [18, 19]. Likewise in literature several authors identified 
significant PJI risk factors, differentiating them between strong and 
moderate risk as well as defining patient related factors without any 
significance [12-21]. Between non-significant patient related factors have 
been suggested age, elevate alcohol intake, osteonecrosis, primary and 
post-traumatic osteoarthritis, cardiovascular disease and arterial 
hypertension.  

Commonly an increased BMI, previous corticosteroid therapy, previous 
joint surgery (primary or revision) have been definited as major factors 
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Obesity
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predisposing to PJIs while diabetes mellitus, rheumatoid arthritis, 
malignancy history, immunosuppression, smoke as common moderate 
factors [12-21].  

In literature several previous studies reported epidemiological analysis 
of PJI mainly involving several different centers [20, 21]. In 2020 Mussa et 
al. published an epidemiological study performed in a single center in a 
period of 7 years enrolling all the patients referred to an academic 
hospital [22]. Despite the strict protocol they did not clearly mention if 
both the responsible pathogen was already identified somewhere else 
and if all the treatments were completed in their own center. 
Furthermore in their study there is no mention about both surgical 
patients history, and clinical PJI identification criteria adopted. 

Our study was performed in a single hospital equipped by a referral 
infectious disease department including only selected hip and knee PJI 
identified and treated by a single team over a period of 20 years. We 
conducted a detailed analysis gathering surgical, microbiological and 
epidemiological data with the aim of establishing a PJI scenario in our 
institution to improve strategies designed to reduce the risk of PJI.  

All the patients in our study were older than 63 years and the great 
majority (79%) received arthroplasty in a NHS hospital. Our univariate 
and multivariate analyses showed a correlation between increasing age 
and early onset PJI with Gram-negative isolation. This observation can 
correspond to similar findings in studies describing the epidemiology of 
isolated pathogens from PJI and osteoarticular infections in older aged 
patients [23]. The prevalence of female gender in our sample highlights 
that, in our scenario, arthroplasty surgery is more performed in women, 
who undergo hip and knee prosthetic surgery 1.5 times more than men. 
Basing on current literature this cannot be considered a risk factor [24, 25]. 
We would like to underline that at the time of diagnosis, 48 (70%) of our 
patients referred at least 2 or more comorbidities arising clearly some 
obvious correspondences between patient health status and PJI risk.  

Both arterial hypertension and cardiovascular disease are well 
represented in our cohort of patients, even if they are not universally 
considered risk factors of PJI in literature. They could be considered risk 
factors only when associated with diabetes which is quite common in 
elderly population [26]. Actually, a meta-analysis has indicated coronary 
artery disease as risk factor [27]. One explanation suggested was related 
to anticoagulation and/or antiplatelet therapy and its relationship with 
an increased risk for infections. 

The 13% of our patients were smokers and Møller et al. already 
suggested that a smoking cessation programs starting 6 to 8 weeks 
before surgery could reduce postoperative several complications in 
patients undergoing THA or TKA [28]. 

In our sample we assessed hip PJI in 54,4% cases and knee PJI in 45,6%. 
These results show an almost equal distribution between infection sites 
coherent with current our country epidemiology [22, 29]. Likewise in our 
study in hip PJIs occurred more frequently in total arthroplasty (59,5%) 
than in hemiarthroplasty (40,2%). This aspect was even more evident in 
knee with 83,7% of the case involving total knee replacements and only 
16,1% involving unicompartimental replacements showing a direct e 
impact with surgical procedure invasivity. 

In our study we registered a greater percentage of late PJIs 58,8% in 
discordance with literature, where it has been reported that the most 
frequent PJIs are those with early and delayed onset [29, 30]. A possible 
explanation could be related to both a poorer diagnostic protocols in the 
first cases and to our patients surgical history of with a mean of 2 
previous surgical procedures. 

In 14,71% of our case we could not identified a pathogen despite 
diagnosis was performed according to strict ICM clinical criteria and this 
data is in accordance with other similar reports in literature obtained 

even with sonification support [22]. More commonly in our patients we 
registered PJI caused by polymicrobial floras with a Methicillin-Sensitive 
Staphylococcus Aureus (MSSA) as the most common germ in 
discordance with other reports suggesting coagulase-negative 
staphylococci as the pathogens more frequently responsible for PJI in 
Europe [31-33]. A possible explanation could be the higher number of early 
and late, more frequently caused by MSSA, in our group. Furthermore 
Drago et al. already reported a higher polymicrobial infections with 
multidrug-resistant pathogens just in late infections [32].  

Regarding the therapeutic management, a combined antibiotic and 
surgery treatment was adopted in 89.71% of the patients, while, in the 
remaining 10.29% received only a chronic suppressive antibiotic therapy 
because poor health status in accordance both with the Italian Infection 
Study Group Gruppo (GISIG) and the Infection Diseases Society of 
America ( IDSA) [6, 11, 12, 31, 33]. In our series DAIR was the most represented 
surgical procedure for the early PJI showing a success rate ranging 
between 50% and 91.7% within 4-8 weeks from infection onset [34-36]. In 
delayed and late onset infections the most frequently surgical approach 
adopted by our unit was the two-stage surgery, considered a gold 
standard procedure by several authors and the best option for difficult-
to-threat pathogens [32]. Literature data regarding 2 stages revision 
showed a successful outcome in over 90% of cases and a reinfection rate 
about 7.9% in patients with more than three comorbidities [31-33].  

Two stages arthrodesis was adopted only in a few of cases following 
multiple failure as a definitive treatment in patients with already 
compromised joint functionality. 

We adopted antibiotic suppressive treatment only for patients either 
not suitable for surgery because a high life risk or for patients who 
refused surgery. 

Our study is evidently limited by its retrospective design and small 
number of cases analysed. 

CONCLUSION 

In the next future PJI incidence will increase because of growing 
numbers of implant procedures in aging people with remarkable 
economic consequences on the health care systems. Epidemiological 
analysis of PJI in our hospital which collects data relating to the last 20 
years, has permitted to obtain a summary of our scenario, allowing us 
to draw organism profile responsible for PJI and the to identify the most 
suitable strategies for the prevention and treatment of these infections. 
Health care systems needs to invest in obtaining a more accurate, 
earlier, diagnosis and history. This aspect can lead to a more effective 
treatment, reducing the numbers of complex and more risky procedure, 
decreasing long periods of hospitalization and immobilization and 
sparing energies and resources. Our study confirms the high prevalence 
of staphylococci in PJIs as already highlighted in Literature by Aggarwal 
et al. and Mussa et al. [23, 29]. New prospective studies would be needed 
for the future to clarify the microbiological features of PJIs in Italy, with 
a view to the creation of a national register. 
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