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ABSTRACT

Objectives: Despite significant progress in prevention, periprosthetic joint infection (PJI) remains a major compli-
cation following hip arthroplasty. Our aim was to identify risk factors for hip PJI in order to inform and improve
preoperative measures and postoperative monitoring.

Methods: We conducted a retrospective, single-centre study involving all adult patients (aged >18 years) who
underwent hip arthroplasty at the University Hospital of Liége, Belgium, between 2015 and 2023.

Results: A total of 2852 patients undergoing hip replacement surgery were included with a median follow-up
period of 34.8 months (interquartile range, 13.8-59.9 months). The incidence rate of subsequent PJI was 1.2%
(34/2852). Most PJIs (25/34, 73.5%) occurred in the early phase, within 3 months of surgery. The most commonly
isolated bacteria were Staphylococcus spp., including methicillin-resistant Staphylococcus aureus. Risk factors for
hip PJI include a history of autoimmune inflammatory arthritis, preoperative anaemia and diabetes mellitus.
Conclusions: The incidence rate of PJI following hip replacement surgery is low. PJIs mostly occur within the
first 3 months after surgery. We identified several factors associated with PJIs that could be targeted to reduce

their incidence and inform the development of individualized patient follow-up strategies.

Introduction

Total hip arthroplasty (THA) or hemi-hip arthroplasty (HHA) has
been the most common surgical procedure performed worldwide for the
past 10 years to treat joint osteoarthritis, rheumatological diseases and
certain types of fractures caused by osteoporosis [1]. Hip replacement
surgery is becoming more common for various reasons, including an
ageing population and increased rates of obesity. It can reduce pain,
improve mobility and enhance quality of life. It is considered safe and
effective. However, it is essential to be aware of the potential complica-
tions associated with this surgery. These can be general or specific to the
procedure and may occur during the surgery, immediately afterwards,
or weeks, months, or even years later. Among the postoperative compli-
cations, prosthetic joint infection (PJI) prosthetic joint infection is one
of the worst.

There is considerable variability in the literature, but the risk of
PJI is generally considered to be approximately 0.3% to 2% [2]. Al-
though the probability of infection is relatively low, the consequences
and long-term implications should not be underestimated. These infec-

tions around periprosthetic material are related to significant morbid-
ity and mortality and account for a substantial proportion of health-
care expenditure [3]. PJIs often require the removal of the prosthesis,
an extended course of treatment with antimicrobial agents and one-
or two-stage reimplantation of the prosthesis. This may result in last-
ing or even permanent disability [4]. Furthermore, several studies have
demonstrated that the management of PJI is costly and imposes a sig-
nificant economic burden on the healthcare system [5].

Despite the dramatic clinical consequences of PJIs, there are major
knowledge gaps concerning the epidemiology, risk factors and microbi-
ology of these infections. Identifying potential risk factors is important
and could help prevent such infections. A study conducted in England
by Ridgeway and colleagues [6] demonstrated that a greater risk of PJI
in patients undergoing arthroplasty is associated with three major fac-
tors, including advanced age, the presence of underlying illnesses (as
reflected by an increased American Society of Anaesthesiologists [ASA]
score) and an aetiology related to traumatic injury, rather than being
related to the type of procedure. Other studies have shown that male
sex, obesity, alcohol abuse, surgery time, rheumatoid arthritis, coronary
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artery disease, pulmonary hypertension and diabetes mellitus are inde-
pendent risk factors for PJI after primary THA [7,8]. In contrast, drain
usage has been described as a protective factor [7].

THA has evolved over time due to the development of new tech-
nologies, implant design improvements and surgical techniques (e.g.
implant material, fixation, bearing surfaces, size, minimally invasive
tissue-sparing approaches or pain management protocols). Complica-
tions such as infections and associated factors will likely also change
over time. Our study aimed to identify the incidence rates of patient
and surgical factors associated with PJI and to determine the microbi-
ology of PJI in recent years.

Methods
Design and participants

This single-centre monocentric retrospective study was conducted at
the University Hospital of Liége, Belgium, which is a tertiary referral
centre for joint arthroplasty with several surgeons specializing in these
operations. Adult patients (>18 years) undergoing total or HHA between
November 2015 and May 2023 were included. Follow-up was censored
at the time of patient death or on 1 July 2023. Data were collected from
electronic health records at the time of the surgery. Individuals who un-
derwent two surgeries were considered only once at the time of the first
surgery, to avoid clustering. The dataset included demographic char-
acteristics, surgical procedures, laboratory results and microbiological
culture results. These included age, body mass index, sex, smoking status
(active or former smoker), ASA score, preoperative anaemia, presence
of pre-existing autoimmune joint disease and diabetes. Immunosuppres-
sion (defined as receiving immunosuppressive therapy or chemotherapy
for active cancer or being infected with HIV) was also included as a base-
line characteristic. Data regarding the procedure were also collected, in-
cluding the type of surgery (elective vs. emergency) and operating time.
Identifying patients with infections followed a stepwise process. First,
patients were flagged for individual review if they had received advice
from an infectious disease specialist (notified in the electronic health
records), had positive microbiological cultures for prosthetic infection
or had an (ICD) International Classification of Diseases code indicating
prosthetic infection or had undergone prosthetic revision (codes T84.51
and T84.52 and codes starting with 0SPBO or 0SP90). The patients’ files
were then opened and reviewed (a step performed by M.B. and G.D.) to
confirm the infection diagnosis.

The time to infection is defined as the period between the day of
HHA/THA and the day on which the infection was diagnosed. PJI was
then classified as early (fewer than 3 months after surgery), delayed
(between 3 and 12 months) or late (more than 12 months) depending
on the interval.

In cases of infection, we identified the causative microorganisms. The
results were classified as follows: culture-negative, defined as no growth
of organisms; culture-positive, defined as the growth of one or more
bacteria (simple vs. polymicrobial growth) and fungal species isolated
from the culture.

Approval for the study protocol was obtained from the local ethics
review committee (Comité d’Ethique Hospitalo-Facultaire Universitaire
de Liége, reference number 2023-159). Individual consent was waived
due to the retrospective nature of the study and the coding of the data.
This study followed the Strengthening the Reporting of Observational
Studies in Epidemiology guidelines for reporting.

Statistical methods
Categorical variables are expressed as numbers and percentages (%).

Quantitative variables are reported as means and standard deviations,
along with extreme values. The time between surgery and infection was
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depicted via Kaplan-Meier curves. The impact of potential risk factors
on the probability of an infection was modelled via a univariate Cox re-
gression model (if required, with a Firth correction). Each model is sum-
marized by the hazard ratio (HR), 95% CI and p-value. Missing values
were not imputed, except for smoking, where a nonreported value was
associated with nonsmoker. A value of p <0.05 was considered signifi-
cant. Computations were performed via SAS version 9.4, and graphics
were generated via R software (version 4.3.1).

Results
Patient characteristics

The cohort consists of 2852 primary prosthetic hip surgeries. Eleven
surgeons performed hip arthroplasty during the study period. The me-
dian follow-up time was 34.8 months (interquartile range, 13.8-59.9
months). The patients’ characteristics are described in Table 1. The
mean age was 71.4 years (range, 16-102 years). Most participants
were female (61.3%; 1851/2852). The mean body mass index was
26.0 kg/m?. Of the participants, 16.2% (466,/2852) had diabetes, and
20.5% (481/2376) had preoperative anaemia at the time of surgery.
Sixty-five participants (2.3%, 65/2852) were classified as immuno-
suppressed, primarily due to receiving immunosuppressive therapy
(Table 1).

Incidence and risk factors for PJIs

We documented 34 cases of PJI (Table 1), accounting for 1.2%
(34/2852) of all postsurgery PJIs during the three phases. Most PJIs
occurred in the early phase (25/34, 73.5%). Two of them (2/34, 5.9%)
were classified as delayed and seven (7/34 [20.6%]) as late (Table 1).

We performed a survival analysis to determine the probability of
infection according to the time since surgery (Fig. 1). Our findings indi-
cate that, considering censored data, the probability of infection within
3 months is estimated at 0.90%, and this figure barely increases at 1
year (Fig. 1).

The characteristics of patients with and without infections are de-
scribed in Table 1. We identified several risk factors associated with
postoperative infection. Preoperative anaemia was associated with a
greater risk of PJI (HR = 3.46; p 0.0003) (Table 1). Diabetes mel-
litus (HR = 2.45; p 0.015) and pre-existing autoimmune joint dis-
ease (HR = 22.3; p <0.0001) were other parameters associated with
a greater risk of PJI. In contrast, age, sex, body mass index and im-
munosuppression were not identified as risk factors for infection in
our analysis. A greater proportion of postoperative infections were
observed in the nonelective intervention group (emergency surgery),
the group with an ASA score higher than 2 and the group with a
longer surgical time. However, this did not reach statistical significance
(Table 1).

We also examined the risk factors for early infection, which we de-
fined as infection within 3 months after surgery (N = 25) (Table 2).
The risk of early infection was found to be higher in patients with pre-
existing autoimmune joint disease (HR = 25.8; p <0.0001), preopera-
tive anaemia (HR = 2.74; p 0.014) and diabetes mellitus (HR = 2.41;
p 0.041). We also observed a higher proportion of postoperative infec-
tions in patients who underwent emergency surgery and experienced
prolonged surgical times. However, these differences did not reach sta-
tistical significance (Table 2).

Microbiological studies of early, delayed and late PJIs

Of the 34 patients with incident PJIs, none had a missing mi-
crobiological culture specimen or result. Additionally, none of the
patients had a culture-negative result (Table 3). Four PJIs (11.8%)
were polymicrobial. All of these occurred in the early postopera-
tive period. Gram-positive infections were the most common across
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Table 1
Comparison of characteristics for patients without or with infection.
Variable Categories N Noninfected N Infected HR 95% CI p
(N = 2818) (N =34)
Mean + SD Mean + SD
n (%) n (%)
Age (y) 2818 71.4 +13.3 34 69.7 + 16.6 0.99 0.97, 1.02 0.64
BMI (kg/m?) 2622 26.0 + 5.2 34 26.1 + 6.7 0.99 0.94, 1.07 0.95
Obesity (BMI > 30) Yes vs. no 2622 535 (20.4) 34 8(23.5) 1.16 0.52, 2.56 0.72
Obesity type II (BMI Yes vs. no 2622 130 (5.0) 34 1(2.9) 0.56 0.08, 4.06 0.56
> 35)
Obesity type III (BMI  Yes vs. no 2622 31(1.2) 34 1(2.9) 2.49 0.34,18.2 0.37
> 40)
Sex Mvs. F 2818 1083 (38.4) 34 18 (52.9) 1.78 0.91, 3.49 0.094
Smoking Yes vs. 2818 808 (28.7) 34 12 (35.3) 1.33 0.66, 2.70 0.42
no/NA
ASA score 2515 32 0.86
I 210 (8.3) 2(6.3) 1.00
I 1833 (72.9) 24 (75.0) 1.46 0.34, 6.17
I-1V-V 472 (18.8) 6 (18.8) 1.56 0.31,7.74
Preoperative Yes vs. no 2342 466 (19.9) 34 15 (44.1) 3.46 1.75, 6.81 0.0003
anaemia
Preoperative Yes vs. no 2818 455 (16.1) 34 11 (32.4) 2.45 1.19, 5.03 0.015
diabetes
Elective surgery Yes vs. no 2818 1777 (63.1) 34 20 (58.8) 0.74 0.37, 1.47 0.39
Long operation Yes vs. no 1407 472 (33.5) 18 9 (50.0) 1.74 0.69, 4.40 0.24
(>115 min)
Pre-existing joint Yes vs. no 2818 87 (3.1) 34 15 (44.1) 22.3 11.3,43.9 <0.0001
disease
Immunosuppression Yes vs. no 2818 64 (2.3) 34 1(2.9 1.36 0.19, 9.95 0.76

Infection (N = 34)
Timing of infection

Early (<3 mo) 25 (73.5)
Delayed (3-12 mo) 2(5.9)
Late (>1y) 7 (20.6)

Bold values correspond to p<0.05.
ASA, American Society of Anaesthesiologists; BMI, body mass index; HR, hazard ratio; SD, standard deviation; M: Male ; F: Female; NA: Not available.
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Fig. 1. Kaplan-Meier curve for infection-free survival. Line: probability of survival without infection. Grey shading: CI.
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Table 2
Comparison of characteristics for patients without or with early infection.
Variable Categories N No early N Early infection HR 95% CI p
infection (N = 2827) (N = 25)
Mean + SD Mean + SD
n (%) n (%)
Age (y) 2827 71.4 +£13.4 25 73.6 £ 14.6 1.02 0.98, 1.05 0.36
BMI (kg/m?) 2631 26.0 + 5.2 25 26.2 +7.4 1.01 0.93, 1.08 0.87
Obesity (BMI > 30) Yes vs. no 2631 537 (20.4) 25 6 (24.0) 1.21 0.48, 3.02 0.69
Obesity type II (BMI Yes vs. no 2631 130 (4.9) 25 1 (4.0) 0.79 0.11, 5.87 0.82
> 35)
Obesity type III (BMI  Yes vs. no 2631 31(1.2) 25 1 (4.0) 3.45 0.47, 25.5 0.23
> 40)
Sex Mvs. F 2827 1088 (38.5) 25 13 (52.0) 1.72 0.78, 3.76 0.18
Smoking Yes vs. 2827 811 (28.7) 25 9 (36.0) 1.39 0.61, 3.14 0.43
no/NA
ASA score 2524 23 0.60
I 211 (8.4) 1(4.3) 1.00
I 1838 (72.8) 19 (82.6) 2.20 0.30, 16.4
I-1V-V 475 (18.8) 3(13.0) 1.40 0.15,13.5
Preoperative Yes vs. no 2351 471 (20.0) 25 10 (40.0) 2.74 1.23, 6.09 0.014
anaemia
Preoperative Yes vs. no 2827 458 (16.2) 25 8(32.0) 2.41 1.04, 5.78 0.041
diabetes
Elective surgery Yes vs. no 2827 1783 (63.1) 25 14 (56.0) 0.71 0.32, 1.56 0.39
Long operation Yes vs. no 1415 476 (33.6) 10 5 (50.0) 1.94 0.56, 6.70 0.29
(>115 min)
Pre-existing joint Yes vs. no 2827 90 (3.2) 25 12 (48.0) 25.8 11.8, 56.6 <0.0001
disease
Immunosuppression Yes vs. no 2827 64 (2.3) 25 1(4.0) 1.85 0.25,13.4 0.56

Bold values correspond to p<0.05.
ASA, American Society of Anaesthesiologists; BMI, body mass index; HR, hazard ratio; SD, standard deviation; M: Male ; F: Female; NA: Not available.

Table 3

Microbiological studies.

All infections

Early infections Delayed and late

Microbiology Species (N =34) (N =25) infections (N = 9)
n (%) n (%) n (%)
Polymicrobial infections 4(11.8) 4 (16) 0 (0)
Organism Fungal infection 0 (0.0) 0 (0.0) 0 (0.0)
Gram-positive 29 (85.3) 20 (80.0) 9 (100.0)
Staphylococcus 24 (70.6) 18 (72.0) 6 (66.7)
Coagulase negative 10 (29.4) 6 (24.0) 4(44.9)
Epidermidis 9 (26.5) 5(20.0) 4 (44.49)
Other 129 1(4.0) 0 (0.0)
Staphylococcus aureus 15 (44.1) 13 (52.0) 2(22.2)
MSSA 10 (29.4) 9 (36.0) 1(11.1)
MRSA 5(14.7) 4 (16.0) 1(11.1)
Cutibacterium acnes 2(5.9 1 (4.0) 1(11.1)
Cutibacterium avidum 1(2.9) 0 (0.0) 1(11.1)
Enterococcus faecalis 2(5.9) 2 (8.0) 0 (0.0)
Streptococcus oralis 1(2.9) 0 (0.0) 1(11.1)
Gram-negative 6 (17.6) 6 (24.0) 0 (0.0)
Enterobacter aerogenes 1(2.9) 1 (4.0) 0 (0.0)
Escherichia coli 1(2.9 1(4.0) 0 (0.0)
Pseudomonas aeruginosa 2 (5.9) 2(8.0) 0 (0.0)
Klebsiella pneumoniae 3(8.8) 3(12.0) 0 (0.0)
No germ found 0 (0.0) 0 (0.0) 0 (0.0)

Bold values correspond to p<0.05.
Patients with polymicrobial infections are counted several times in the detailed microbiological study. Therefore,
the total sum exceeds 100%. MRSA, methicillin-resistant S. aureus; MSSA, methicillin-sensitive S. aureus.

all postoperative periods, with coagulase-negative staphylococci and
methicillin-sensitive Staphylococcus aureus being frequently identified
(10/34 [29.4%]). Staphylococcus epidermidis (4/9 [44.4%]) and S. au-
reus (either methicillin-sensitive or -resistant) (2/9 [22.2%]) were more
prevalent in delayed and late PJIs (Table 3). Gram-negative organisms
were observed in six of 34 infections (17.6%), occurring in early PJIs.
Pseudomonas aeruginosa and Klebsiella pneumoniae were the most com-
mon Gram-negative organisms.

Discussion

PJI is arguably the most significant complication following hip
arthroplasty. Over the past few years, the number of hip arthroplas-
ties has increased significantly, primarily due to the improvement in
quality of life it provides. We found that PJI is relatively rare after
THA/HHA with an incidence of 1.2%. The majority of microorganisms
isolated from PJIs were S. aureus and coagulase-negative staphylococci.
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Our study also demonstrated that pre-existing autoimmune inflamma-
tory arthritis, preoperative anaemia and diabetes are risk factors for PJI.

The incidence of PJI in our study was low, which is consistent with
previous studies reporting similar rates [6,9,10]. Most infections oc-
curred within the first 3 months after surgery, as observed by other
groups studying hip or knee arthroplasties [11,12]. Our results empha-
size the importance of developing and testing interventions to mitigate
the risk of early PJI [11].

It is crucial to identify the factors that contribute to the risk of PJI
in order to develop strategies to reduce this complication. It would also
help to categorize patients according to their risk level, which could
inform postoperative monitoring. Our research identified pre-existing
autoimmune joint disease, preoperative anaemia and diabetes as signif-
icant risk factors for PJI. These factors are interconnected through vari-
ous pathophysiological mechanisms such as wound ischaemia, perivas-
cular disease and chronic inflammation, which can lead to impaired
wound healing and wound dehiscence [13,14]. Patients with diabetes
are also particularly susceptible to infection due to weakened immune
defences and reduced tissue concentrations of antibiotics caused by
macroangiopathic and microangiopathic alterations. These results are
consistent with those of other reports and meta-analyses, which also
revealed the detrimental effects of additional parameters, including
steroid use, male sex, obesity, alcohol abuse and an ASA scale higher
than 2 [9,15,16]. Identifying patients with diabetes or hyperglycaemia
and implementing strict perioperative glycaemic control will minimize
the risk of infection following various surgical procedures.

Microbiological studies are necessary to inform clinicians about the
use of antibiotic prophylaxis and antibiotics after surgery. For patients
undergoing total hip surgery, the recommended regimen is a first-
generation cephalosporins (cefazolin) [4]. In institutions with a high
prevalence of methicillin-resistant S. aureus (MRSA) surgical site infec-
tions, or for patients known to be colonized with MRSA, vancomycin
should be added to, or used instead of, cefazolin for routine antimicro-
bial prophylaxis. It should be noted that the observation that S. aureus
colonisation increases the risk of PJI often resulted in the implementa-
tion of preoperative screening and decolonization protocols for S. au-
reus. Universal screening is still a subject of much debate and has not
been implemented in our centre, primarily due to logistical issues sur-
rounding screening and decolonization. The advantage of a screen-and-
treat strategy is that results from MRSA screening can inform antibiotic
prophylaxis. However, universal decolonization prior to targeted pro-
cedures is a more cost-effective strategy. Universal decolonization may
also be easier to implement.

Our microbiology results are consistent with those reports from other
European countries, the USA and the UK [6,17-19], showing that the
most common causative agents of PJI are S. aureus and coagulase-
negative staphylococci. Most S. aureus strains were methicillin-sensitive
S. aureus, particularly in the early infection group. Gram-negative organ-
isms, which are typically resistant to first-generation cephalosporins,
were rarely isolated in our study and were only found in the group
with early infections. Enterococcus, which is naturally resistant to
cephalosporins, was still isolated from 4.2% of PJIs. Future studies with
a larger sample size should aim to determine the profiles and antimi-
crobial susceptibility of isolated microbial agents in order to assess the
need for other antibiotic prophylaxis. Such studies would help to clar-
ify the role of vancomycin and teicoplanin as prophylactic antibiotics
in hip surgery. In addition to the choice of antibiotic, the ideal time at
which to administer antibiotics remains controversial. Most agree that
prophylaxis should end within an hour of surgery starting, meaning that
some agents, such as vancomycin with its longer infusion time, need to
be started a few hours earlier.

This study has some limitations. Firstly, it cannot be ruled out that
patients with PJIs may have required follow-up at another centre, which
could result in an underestimation of the prevalence of PJIs in our study.
Secondly, revisions attributed to aseptic loosening may ultimately be
driven by low-grade infection. This could explain the absence of culture-
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negative PJIs in our study, although another possible cause is the reluc-
tance of infectious diseases specialists to treat PJIs at our centre without
a positive culture. They prefer to take new microbiological samples after
longer antibiotic window. Third, single-centre studies, while potentially
having some advantages in terms of control, face significant limitations
regarding generalizability.

In conclusion, the incidence rate of PJI following THA/HHA in our
cohort is low. PJIs mostly occur in the first 3 months after surgery.
The isolated bacteria are mostly Staphylococcus spp., including MRSA,
but the contribution of Gram-negative bacteria and Enterococcus spp.
should not be neglected. We have identified factors associated with PJIs
that could be used to individualize patient follow-up strategies and that
could be targeted to reduce the rate of this devastating postoperative
complication.
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