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Risk factors for metachronous periprosthetic
joint infection in patients with multiple
prosthetic joints: a systematic review

and meta-analysis
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Abstract

Object Although periprosthetic joint infection (PJI) can affect multiple joints simultaneously, most individuals

with multiple joint involvement exhibit PJI in only one joint. Data regarding the metachronous PJI management for
these patients are limited. This study aimed to explore the risk factors for metachronous PJl in patients with multiple
prosthetic joints, thereby guiding and optimizing clinical practice.

Methods The MEDLINE, Web of Science, Cochrane Library, and EMBASE were searched for all clinical studies of
metachronous PJI from inception until May 2024. The clinical studies on risk factors for metachronous PJl in patients
with multiple prosthetic joints after experiencing a periprosthetic infection were collected, with two authors
independently screening the literatures. Newcastle Ottawa scale was used as a quality assessment tool for the
included studies, and the meta-analysis was conducted to evaluate the potential risk factors of metachronous PJI.

Results A total of 1,544 patients with PJI after multiple joint arthroplasties were reported in 9 studies, including 189
with metachronous PJI. The meta-analysis showed that methicillin-resistant staphylococcus aureus (MRSA; OR, 3.43;
95%Cl, 1.71-6.88; p=0.0005), rheumatoid arthritis (RA; OR, 2.38; 95%Cl, 1.06-5.38; p=0.04), history of steroid use (OR,
2.93;95%Cl, 1.58-5.43; p=0.0007), and previous or ongoing non-periprosthetic infection (OR, 4.47; 95%Cl, 1.45-13.82;
p=0.009) were identified as significant risk factors for metachronous PJI in patients with multiple prosthetic joints.
However, there was no significant difference between the metachronous PJI group and non-metachronous group in
terms of revision, age, diabetes, and gender.

Conclusion Patients with MRSA, RA, history of steroid use, previous or ongoing non-periprosthetic infection are
at significantly higher risk for metachronous PJI. Further research is needed to optimize management strategies for
preventing metachronous PJl in patients with multiple prostheses after a single joint PJI.
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- Patients with MRSA, RA, history of steroid use, previous or ongoing non-periprosthetic infection are at

significantly higher risk for metachronous PJls.
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Introduction

Joint arthroplasty is an excellent solution for end-stage
joint diseases, with its prevalence increasing annually [1].
The demands for primary total hip and knee arthroplas-
ties are estimated to grow exponentially by 2030 [2]. The
number of patients undergoing multiple joint arthroplas-
ties is also increasing, with a 30-45% likelihood of a sec-
ondary arthroplasty in contralateral cognate joints and
about 5% in non-cognate joints within 20 years of the
initial arthroplasty [3]. Although joint arthroplasty boasts
high success rates, it remains susceptible to serious com-
plications, such as periprosthetic joint infection (P]I),
periprosthetic fracture, and dislocation.

PJI is deemed “catastrophic” by surgeons and patients
alike [4], and PJI in one artificial joint may heighten the
infection risk for other prostheses in patients with multi-
ple prosthetic joints [5]. PJI is one of the leading causes of
arthroplasty failure and often puts patients in a dilemma
of recurrent infections, long-term use of antibiotics, revi-
sion, and even amputation, resulting in increased disabil-
ity and mortality rates [6, 7]. Meanwhile, the economic
impact of PJI is also substantial. Premkumar et al. esti-
mated that the annual cost for PJI will rise to $1.82 billion
by 2030 [8]. In addition, PJI involves different patho-
gens and infection types and is closely related to the
primary joint disease, comorbidities, and physical con-
dition, which increases the difficulty of prevention and
treatment.

Considering that PJI may occur anytime during the life-
time of a patient, those with multiple prostheses in place
would cumulatively be at a higher risk for PJI compared
to those with a single arthroplasty, and the reported prev-
alence of PJI involving a second joint ranges from 6.3—
20%.> Currently, with the increasing number of patients
with multiple prosthetic joints, the incidence of both
synchronous and metachronous PJI cases is projected to
rise [9]. Metachronous PJI is the infection in two or more
joints with a disease-free interval, and evaluating the risk
factors for metachronous PJI when a PJI occurs is crucial
for developing effective preventive strategies in patients
with a history of multiple joint arthroplasties. However,
the potential risk factors of PJI in another “silent” joint
are still controversial when one PJI occurs in patients
with multiple prostheses. Abblitt et al. suggested that
bacteremia at the time of PJI is an important factor for
developing subsequent PJI [10], while Jafari et al. deemed

that a compromised immune system and lower overall
health contributed to multiple PJI [11].

Given the scarcity of reported studies on metachronous
PJI and the scattered, controversial findings on its risk
factors and clinical management strategies, it’s challeng-
ing to grasp core issues from single studies accurately.
Therefore, evidence-based methods are urgently needed
to evaluate the risk factors for metachronous PJI, which
has never been reported before. This study aims to com-
prehensively review prior literature on metachronous PJI
risk factors in patients with multiple prosthetic joints and
conduct a systematic evaluation and meta-analysis. As a
result, by integrating existing results to enhance statisti-
cal power, the potential risk factors for metachronous PJI
in patients with multiple prosthetic joints were identified.
The findings are expected to guide future clinical prac-
tice, especially for the development and optimization of
the preventive strategies.

Methods

This review follows the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) [12],
and the checklist is reported in the supplemental docu-
ment. The protocol for this study was registered on
PROSPERO. Adaptations were made to the strategy for
data synthesis and reported in the protocol. This study
was registered in the International Prospective Regis-
ter of Systematic Reviews. Each quality assessment was
based on AMSTAR 2 (Supplemental document) [13].

Data sources and study selection

We searched the following databases (from inception
until May 2024): MEDLINE, Web of Science, Cochrane
Library, and EMBASE. Possible additional relevant
records were hand-searched through the reference lists
of eligible studies and relevant systematic reviews. After
de-duplication, two reviewers independently screened
titles and abstracts of the identified records for inclusion
(inter-rater reliability of kappa=0.82). In case of unre-
solved disagreements, a third reviewer was consulted.
Subsequently, the remaining records were independently
screened by the same two reviewers on full text, and
unresolved discrepancies were arbitrated by the third
reviewer. The whole process is reported in the flow dia-
gram. (Fig. 1).
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Fig. 1 The preferred reporting items for systematic reviews and meta-analysis (PRISMA) flow diagram to show study selection

Eligibility criteria

A PJI was defined according to the adapted diagnostic
criteria of the Musculoskeletal Infection Society [14]. The
studies were included if the following criteria were met:
(1) original interventional, observational, cross-sectional,
and cohort studies; (2) published in English; (3) the meta-
chronous PJI was reported in patients with multiple
prosthetic joints. The studies only reported synchronous
multiple PJIs or metachronous PJI in the same joint were
excluded.

Data extraction

Two reviewers independently extracted data from
included studies, while a third reviewer resolved dis-
agreements. The following information was obtained:
(1) study design; (2) participants characteristics (age,

gender); (3) sample size and comorbidities; (4) primary
risk factors in each study; (5) follow-up time; (6) statisti-
cal analyses. Authors had been contacted in case of miss-
ing data.

Risk of bias

The risk of bias (RoB) assessment was performed by the
same reviewers who independently evaluated the meth-
odological quality of the included studies using the New-
castle Ottawa Quality Assessment Scale (NOS) [15]. The
NOS includes 8 items related to 3 domains of bias (selec-
tion, comparability, and outcome), with a maximum
score of 9 points. Differences in scoring were arbitrated
by the third reviewer.
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MRSA-carrying status. The meta-analysis indicated that
the positive MRSA-carrying status is associated with an
increased risk of metachronous PJI (OR, 3.43; 95% CI,
1.71-6.88; p=0.0005).

Impact of RA (rheumatoid arthritis) on metachronous PJI
Seven studies recorded RA (Fig. 3). In patients with mul-
tiple prosthetic joints, the total number of patients with
PJI was 1,417. Thirty-eight out of 172 individuals in the
metachronous PJIs group and 130 out of 1,245 individu-
als in the non-metachronous multiple PJI group suffered
from RA. The meta-analysis revealed that RA is associ-
ated with an increased risk of metachronous PJI infection
(OR, 2.38; 95% CI, 1.06—5.38; p = 0.04).

Impact of history of steroid use on metachronous PJI

Seven studies recorded history of steroid use (Fig. 4). In
patients with multiple prosthetic joints, one thousand
three hundred and three PJI individuals were reported.
Twenty out of 159 individuals in the metachronous PJI
group have had previously or were currently using ste-
roids, while 61 out of 1,144 in the non-metachronous PJI
group. The meta-analysis suggested that history of ste-
roid use is associated with an increased risk of metachro-
nous PJI (OR, 2.93; 95% CI, 1.58-5.43; p =0.0007).

Impact of previous or ongoing non-periprosthetic infection
on metachronous PJI

Six studies recorded previous or ongoing non-peri-
prosthetic infection (Fig. 5). In patients with multiple
prosthetic joints, seven hundred and thirty-two PJI indi-
viduals were reported.Thirty-one out of 86 individuals
in the metachronous PJI group and 61 out of 646 indi-
viduals in the non-metachronous PJI group have previ-
ously or currently suffered non-periprosthetic infection.
The meta-analysis indicated that the previous or ongo-
ing non-periprosthetic infection is associated with an
increased risk of metachronous PJI (OR, 4.47; 95% CI,
1.45-13.82; p=0.009).

Impact of revisions, age, diabetes, and gender on
metachronous PJI

There were four studies, including 1,160 individuals with
PJI, reported revisions (Fig. 6). In the metachronous PJI
group, thirty-five out of 131 individuals experienced revi-
sions, and there is a trend that revisions reduced the risk
of metachronous PJI in patients with multiple prosthetic
joints, but the results did not reach statistical significance
(OR, 0.80; 95% CI, 0.53-1.22; p=0.31). Moreover, there
were four studies (1,026 individuals with PJI), eight stud-
ies (1,476 individuals with PJI), and six studies (1,226
individuals with PJI) that reported the potential effect of
age, diabetes, and gender on metachronous PJI respec-
tively. However, no statistical differences in age (OR,
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0.69; 95% CI, -4.76—6.14; p=0.80), diabetes (OR, 1.42;
95% CI, 0.69-2.96; p=0.34), and female (OR, 1.59; 95%
CI, 0.61-4.10; p=0.34) between the metachronous PJI
and non-metachronous PJI groups was observed (Fig. 6),
which indicates these factors do not increase the risk of
metachronous PJI in the patients with multiple prosthetic
joints after undergoing PJIL.

Systematic review

The preference for infection to spread from the primary
site to other implants appears to result from altered
or diminished host immune function, and the impair-
ment of RA on the immune system reduces the patient’s
resistance to infection [17]. Murray and Luessenhop et
al. pointed out that long-term use of immunosuppres-
sive agents or steroids for controlling and treating RA
increases the risk of infection recurrence or new infec-
tion after PJI [18, 19]. Surgical treatment of infection is
at the discretion of the attending surgeon, the general
protocol for early post-operative and acute hematog-
enous infections includes irrigation and debridement
accompanied with intravenous antibiotics. Haverstock et
al. supposed that patients who developed metachronous
PJI were likelier to have undergone an initial irrigation
and debridement and were less likely to have been treated
with an initial two-stage revision [20]. In addition, Lee et
al. observed that patients with three stages of resection
arthroplasty might be likelier to develop metachronous
PJI, and an extended course of antibiotic administra-
tion may contribute to irrigation and debridement and
decrease failure rates [21, 22].

Meanwhile, irrigation and debridement, repeated two-
stage resection arthroplasty, permanent resection arthro-
plasty, or amputation were not indicated as significant
risk factors in the studies. In recent years, researchers
have found that a metachronous PJI is significantly more
likely to occur in an adjacent joint within the same limb
(e.g., ipsilateral hip and knee) as opposed to a joint in a
different limb (i.e., contralateral or upper vs. lower limb).
Metachronous PJI in the same limb also happen signifi-
cantly earlier than PJIs in different limbs and are more
likely to be caused by the same organism [23]. Moreover,
the risk of ipsilateral metachronous PJI in patients with
multiple joint arthroplasties is associated with shorter
stature and stem-to-stem distance [24], and future stud-
ies might evaluate the risk of ipsilateral metachronous PJI
owing to bone adjacency.

Publication bias

The inverted or asymmetric funnel plot suggests a slight
risk of publication bias due to the limited number of
studies included (supplementary file).
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Fig. 4 Forest plot of history of steroid use on metachronous PJI
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Fig. 5 Forest plot of previous or ongoing non-periprosthetic infection on metachronous PJI

with RA may have more than one prosthetic implant,
which may be more common compared to other types of
joint diseases. We can assume that patients with RA have
a higher risk of metachronous PJIs, as they have more
prosthetic joints at risk after a PJI [38, 39]. Meanwhile,
impairment of the immune system by RA decreases the
patient’s resistance to infection. Patients with RA often
need to take long-term medications such as steroids,
anti-rheumatic drugs, immunosuppressants, etc., to
control and delay their condition. The above medicines
may be due to a decrease in the host’s immune system,
increasing the risk of PJI. The risk associated with the
use of steroids is comparable to that of RA, as it may
potentially result in additional joint infections. Wilson

et al. concluded that steroids may represent a comor-
bid variable and reflect the activity or aggressiveness of
the underlying rheumatoid process [19, 23, 40]. How-
ever, recent studies have shown that compared to those
who do not take steroids, RA patients who take gluco-
corticoids exceeding 10 milligrams per day have almost
twice the risk of infection after joint replacement surgery
compared to those who do not take steroids [41, 42]. We
postulate that the presence of RA, along with the use of
steroids and immunosuppressants, can disrupt and even
undermine the host’s immune function. The consequent
impairment of the immune system and the deterioration
of overall health then heighten the risk of metachronous
PJI among patients with multiple joint prostheses.
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Fig. 6 Forest plot of revisions (A), age (B), diabetes (C), and gender (D) on

Previously, Sangaletti et al. suggested that female
patients, diabetic patients, as well as those with a poly-
microbial index PJI, face a substantially elevated risk of
developing a metachronous PJI [23]. However, this study
found no significant correlation between revision, age,
diabetes, gender, and metachronous PJI. The absence of
a significant correlation between revision surgery, age,
diabetes, and gender and metachronous PJI can be attrib-
uted to multiple factors [43]. Regarding revision surgery,
the diverse procedures and variable pre- and post- opera-
tive conditions often confound the results [44]. Age-
related immune alterations are intricate and frequently
overshadowed by comorbidities [45]. The influence of
diabetes on PJI hinges on glycemic control and its inter-
actions with other elements [46]. As for gender, there is
a lack of robust biological evidence for differences, and
social factors further confound this relationship [47].
Furthermore, there is also an urgent need for more
large sample, high-quality prospective cohort studies to

metachronous PJI

further demonstrate the significance of these factors and
their potential clinical impact.

This study has several limitations. Firstly, this study
incorporated cases of PJI involving the wrist, shoulder,
ankle, and elbow joints. These particular joints are char-
acterized by relatively scant soft-tissue coverage, which
significantly amplifies the risk of postoperative infec-
tion during joint replacement procedures. This condi-
tion may exert a certain influence on the outcomes of
our study. Given the limited number of relevant studies
available at present, a subgroup analysis based on joint
location has not been conducted. Secondly, given that
this study is a retrospective observational one, it is sub-
ject to potential biases such as selection bias, informa-
tion bias, and confounding bias. In addition, due to the
limited number of eligible literature, with a total of 9
studies included in this meta-analysis, the meta-analysis
exhibited deficiencies in aspects such as statistical power
and heterogeneity assessment, which may have restricted
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the generalizability of the research findings. Therefore,
in future research, prospective multicenter cohort stud-
ies and microbial profile analyses can be further carried
out, and in-depth exploration of the sources of hetero-
geneity can be conducted. These efforts aim to enhance
the generalizability of research results and provide more
optimized strategies for the clinical prevention, diagno-
sis, and treatment of metachronous PJI.

Conclusion

This meta-analysis identifies MRSA, RA, history of ste-
roid use, and previous or ongoing non-periprosthetic
infection as independent risk factors for metachronous
PJI. These findings underscore the need for prospec-
tive multicenter and large-sample cohorts to validate
biological mechanisms and identify additional modifi-
able predictors. Implementation of targeted surveillance
protocols in high-risk populations and preemptive pro-
phylactic measures could optimize clinical management
while reducing the clinical and economic burden of
recurrent prosthetic complications.
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