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Abstract Hip arthroplasties are surgical procedures widely performed all over the world, seeking
to return functionality, relieve pain, and improve the quality of life of patients affected
by osteoarthritis, femoral neck fractures, osteonecrosis of the femoral head, among
other etiologies. Periprosthetic joint infections are one of the most feared complica-
tions due to the high associated morbidity and mortality, with a high number of
pathogens thatmay be associated with its etiology. The aim of the present study was to
analyze aspects correlated with the occurrence of infection, diagnosis and prevention
of periprosthetic joint infections in the hip associated with Staphylococcus aureus after
corrective surgery for hip fractures. This is a systematic review of the literature carried
out in the databases indexed in the Medical Literature Analysis and Retrieval System
Online (MEDLINE) carried out in accordance with the precepts established by the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) meth-
odology. Twenty studies that addressed the diagnosis and prevention of periprosthetic
joint infections after hip fractures were selected for analysis. It is observed that there is
no consensus in the literature on preventive measures for the occurrence of such
infectious processes. Among the risk factors for the occurrence and severity of
infections by S. aureus after hip arthroplasties, obesity, longer surgical time, older
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Introduction

Hip arthroplasty has extensive clinical application for pain
relief and functional improvement, especially in patients with
osteoarthritis, osteonecrosis of the femoral head, and femoral
neck fracture. Although it is a procedure already enshrined in
the surgical literature, it is observed that the clinical results are
associated with multiple factors such as the surgical proce-
dure, perioperative management, prosthetic design, existing
comorbidities, as well as other individual factors.1,2

Among the risks associated with the placement of a
prosthesis in the hip joint, the literature points to a higher
risk of venous thromboembolism (VTE) and periprosthetic
joint infection (PJI)1 as the most frequent complications and
also with the greatest potential for increased morbidity and
mortality and cost in public health.3

The occurrence of an infectious process after hip arthro-
plasties is characterized as one of the most feared complica-
tions, both due to the possible need for surgical reapproach, as
well as the risk of worsening the infectious condition, need to
remove the prosthesis, and the impact of the entire process on
thehealth and functionality of the patient. Periprosthetic joint
infections still represent a challenge in medical practice, from
early diagnosis, identification of causative pathogens, and
proper management.4,5

Although there are several clinical guidelines associated
with the prevention of peri- and postoperative complications,
it is observed that suchnormativedivergence causeshigh rates
of clinical variation in themanagementof patients undergoing
hip arthroplasties, also resulting in different clinicians.

In view of the lack of consensus on preventive manage-
ment of periprosthetic joint infections and themultiplicity of
pathogens that may be involved in the infectious process, the
present study aimed to analyze aspects correlated with the
occurrence of infection, diagnosis, and prevention of PJIs in
the hip associated with Staphylococcus aureus after correc-
tive surgery for hip fractures.

Materials and methods

The present study is characterized as a systematic literature
review, structured according to the guidelines of Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA)6 andsubsequentlystructuredaPRISMAchecklist for
analysis of results. A four-phase diagram was used to choose
the articles, prioritizing clarity and transparency in the execu-
tion of the systematic review and selection of studies.

The data search took place on June 5, 2022, in the data-
bases linked to the Medical Literature Analysis and Retrieval
System Online (MEDLINE), using the Setting, Perspective,

age, immunosuppression, recent use of antibiotics, and multicomorbidities were
mentioned. The use of biomarkers for early diagnosis, as well as screening, decoloni-
zation, and antibiotic prophylaxis processes are among the preventive procedures
proposed in the literature.

Resumo As artroplastias de quadril são procedimentos cirúrgicos largamente realizados em todo o
mundo buscando retorno da funcionalidade, alívio da dor e melhora da qualidade de vida
dos pacientes acometidos por quadros de osteoartrite, fraturas de colo de fêmur e
osteonecrose da cabeça femoral, dentre outras etiologias. As infecções articulares
periprotéticas são uma das complicações mais temidas pela elevada morbimortalidade
associada, comelevado número de patógenos que podemestar associados à sua etiologia.
O objetivo do presente estudo foi analisar aspectos correlacionados à ocorrência da
infecção, diagnóstico e prevenção de infecções articulares periprotéticas no quadril
associadas a Staphylococcus aureus após cirurgia corretiva de fraturas de quadril. Trata-se
de uma revisão sistemática de literatura realizada nas bases de dados indexadas naMedical
Literature Analysis and Retrieval System Online (MEDLINE, na sigla em inglês) realizada de
acordo com os preceitos estabelecidos pela metodologia Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA, na sigla em inglês). Foram selecionados
para análise 20 estudos que abordavam o diagnóstico e prevenção de infecções articulares
periprotéticas após fraturas de quadril. Observa-se que não há consenso na literatura sobre
medidaspreventivas para ocorrência de tais processo infecciosos.Dentreos fatores de risco
para ocorrência e gravidade das infecções por S. aureus após artroplastias de quadril foram
citados obesidade, maior tempo cirúrgico, maior idade, quadros de imunossupressão, uso
recente de antibióticos e multicomorbidades. O uso de biomarcadores para diagnóstico
precoce, bem como processos de triagem, descolonização e antibioticoprofilaxia estão
entre os procedimentos preventivos propostos na literatura.

Palavras-chave

► artroplastia de quadril
► prótese de quadril
► infecções
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Intervention, Comparison, and Evaluation (SPICE)7 strategy
to identify relevant studies:

– Setting: Hospitalized patients
– Perspective: Individualswith hip fracture evaluated for PJI
– Intervention: Total or partial hip replacement surgery
– Comparison: Occurrence of S. aureus infection, diagnosis,

screening, and prevention.
– Evaluation: Rate or occurrence of periprosthetic joint

infection by S. aureus, biomarkers, screening, and effec-
tiveness of decontamination.

Health sciences descriptors (DECS) / MESH TERMS were
used in combination, according to the following structures:
Arthroplasty OR Hip Prosthesis AND Staphylococcal Infections
OR Infecção por Staphylococcus aureus.

Inclusion and exclusion criteria
Studies that met the following criteria were included: (1)
human studies, age group>18 years old; (2) patients under-
going hip arthroplasty after fracture; (3) studies addressing
patients with PJI by S. aureus; (4) studies published between
2017 and 2022; and (5) original studies.

Studies with the following criteria were excluded: (1)
experimental studies with animal models; (2) non-original
studies– literature review; (3) opinion studies; (4) studies that
addressed conduct after established infection, that is, that did
not discuss prevention and diagnosis of the infectious condi-
tion; (5) studies published>5 years ago; and (6) studies that
did not meet the other aforementioned inclusion criteria.

The search and selection of studies was conducted by two
reviewers who independently performed the analysis of the
studies. Initially, from theuseof thementionedDECS, together
with Boolean operators, studies published in the last 5 years
(2017 to 2022)were selected, followed by the analysis of titles
and abstracts. At this stage, studies with animal models,
opinion articles, as well as literature reviews were excluded.

Once this step was completed, the complete texts of the
articles were retrieved for analysis of the other inclusion and
exclusion criteria. Duplicate citations and studies not corre-
sponding to the proposed review parameters were also
excluded. Possible disagreements were resolved through
discussion with a third reviewer, with inclusion decided
after consensus with the two main reviewers.

Seeking to prioritizemethodological quality, studies classi-
fied as “Good” after the National Institutes of Health (NIH)
quality assessmentwere included, and studieswithmore than
nine checked items were considered suitable for inclusion.

The extraction of epidemiological and demographic data
was performed using a Microsoft Excel 365 (Microsoft Corpo-
ration, Redmond,WA, USA) spreadsheet, including parameters
such as number of patients, surgical approach, risk factors
described, and infection prevention strategies.

Results

In the screening process using the proposed DECS and respec-
tive Boolean Operators, 245 studies were initially retrieved.

Subsequently,whenexcluding studiespublished>5years ago,
65 articles remained for title and abstract analysis. Seven
studies were excluded because they were literature reviews.
After reading the abstracts, another 28 studies were excluded,
totaling 30 studies for full text reading.

Ten studies were excluded because they addressed surgical
procedures associated with prosthetic replacement after an
infectious condition and did not discuss aspects associated
with the diagnosis and prevention of periprosthetic infection
by S. aureus.

After reading the texts in full, 20 studies were selected for
discussion. It is noteworthy that although some studies
addressed both knee and hip periprosthetic joint infections, it
was decided to discuss the data related to infections that affect
thehipjoint,as this is thecentral themeof thepresentconstruct.

►Fig. 1 shows theflowchart of the study selectionprocess,
as proposed by the PRISMA methodology adopted in the
present study.

Periprosthetic joint infections represent a major chal-
lenge in the management of patients undergoing orthopedic
surgeries. There are several risk factors and pathogens
involved in the etiology of infections, with relevant literature
discussion on diagnostic methods, biomarkers, screening,
and viability of decolonization of these patients.

►Table 1 briefly describes the studies selected for discus-
sion considering author, year of publication, study scope,
prevalence of reported colonization, and relevant aspects.

Discussion

Biomarkers and Diagnosis of PJI
The first challenge imposed on the medical team regarding
PJI is precisely their diagnosis. The literature points out that
there is a lack of sensitive tests for the diagnosis and there is
no consensus on the methodology used for causal definition
and establishment of the definitive diagnosis.8–10

Fig. 1 Flowchart of screening and selection of studies according to
the PRISMA methodology. Source: Own elaboration (2021).
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The European Bone and Joint Infection Society (EBJIS)
proposes, as of 2021, a three-level diagnostic approach
considering an unlikely infection, probable infection, and
confirmed infection. To be defined as a confirmed infection,
one must observe a sinus tract with evidence of communica-
tion to the joint or visualization of the prosthesis or leukocyte
count>3,000 or Polymorphonuclear (PMN) >80% or positive
alpha-defensin immunoassay, or positive methods of micro-
biological study by aspiration or sonication, or even histologi-
cal study showingmicroorganismsor increasedneutrophils.11

On the other hand, cases of probable infection are defined
by 2 positive findings, including radiological signs, aspects of
compromised healing, bacteremia, fever, periprosthetic pu-
rulence, increased C-reactive protein (CRP), leukocyte count
>1,500, PMN>65%, positive cultures, in addition to histo-
logical study and suggestive nuclear images. Infection is
unlikely when all findings are negative.11

In a study carried out in Italy, 133 patients with PJI, 63 with
hip infection,were evaluated according to the criteria proposed
by theEBJIS fordiagnosing PJI. The authors emphasized that the
diagnostic tests need to be used together under the risk of
erroneously discarding a PJI condition. It was observed that
according to the EBJIS criteria, 101 diagnoses would be con-
firmed and 25 would be described as probably infected, which
demonstrates the applicability of the criteria when used to-
gether. Regarding the probable etiology of the PJI, a prevalence
of 20.3% of S. aureus, 20.3% of coagulase-negative Staphylococ-
cus (CoNS), and 7.5% of Streptococcus spp. was observed.8

Whenevaluating 158patients treated for PJI, it was observed
that 19.6% (n¼31) suffered reinfection within 2 years. There
was a statistically significant association between Methicillin-
susceptible Staphylococcus aureus (MSSA) infection and reinfec-
tion. Considering possible infection markers that help in early
diagnosis, the authors highlighted an increase in the mean
serum CRP level of 12.65g/dL, while patients without reinfec-
tion had amean serumCRP of 5.0g/dL.12 In an Indian study, the
sensitivity and specificity of using erythrocyte sedimentation
rate (ESR) and CRP cutoff points in the diagnosis of infection
were 57 and 94%, respectively, corroborating these results.13

When compared with the CRP of the synovial fluid, the
culture of the same material showed less clinical applica-
bility due to the delay in obtaining the result. The sensitivi-
ty of synovial fluid culture and CRP was 52 and 60%,
respectively, showing concordant results in 82% of the
sample. C-reactive protein was superior for detection of
low virulence bacteria such as Cutibacterium spp. and
coagulase-negative staphylococci.10

Another PJI biomarker described in the literature was
antimicrobial peptides (AMPs). According to the researchers,
significant intra-articular levels of human cathelicidin LL-37
andß-defensin-3 (HBD-3)havehighdiagnostic accuracy in the
synovial fluid of patients with PJI. Synoviocytes isolated as a
source of cellular AMP showed comparable results with a
significant increase in LL-37/HBD-3 up to 3� in PJI. However,
it is noteworthy that the study sample (n¼25) was extremely
small, representing an important gap to support the results
found, as well as the need to analyze costs associatedwith the
procedure and clinical applicability in other centers.14Ta
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Preoperative culture of synovial fluid combined with
serum anti-staphylococcal antibody dosage was also chosen
for better accuracy in the diagnosis and etiological definition
of PJI.15 Still correlated to the diagnostic accuracy bydifferent
types of obtaining culture medium, it was observed in a
study carried out in Greece that the sensitivity of the
sonication fluid culture was 77.04%, and the sensitivity of
conventional tissue cultures was 55.73%, with respective
specificities of 98.11 and 94.34%. In view of these results,
the authors point out that the sonication method represents
a reliable test for diagnosing PJI, with greater sensitivity and
specificity than conventional periprosthetic tissue cultures.9

Epidemiology
Of the total of 20 selected studies, it was observed that 5
studies addressed general epidemiological issues on the sub-
ject, discussing microbiological aspects, prevalence, and inci-
dence of periprosthetic hip joint infections. Of these, only one
study was multicenter involving health institutions in
North/SouthAmerica andEurope. The other studies addressed
contexts in Chile, South Africa, Taiwan, and Germany.

InamulticenterstudycarriedoutbyVillaetal.,16 theauthors
considered654periprosthetic infections,361 inthehipand293
in theknee. It was observed that themost frequently identified
microorganisms were S. aureus (24.8%) and Staphylococcus
epidermidis (21.7%). As for the degree of resistance to at least
1antibiotic, theauthors identifiedageneral indexof58%, and in
hip infections this index was higher, of 62.3%. The overall
incidence of polymicrobial infections was 9.3% in knees and
hips pooled and 10.5% in hips alone.16

Analyzing the occurrence of colonization by resistant
microorganisms, the study carried out in Chile with 146
patients undergoing hip arthroplasty indicated that at least
5% of these were colonized by methicillin-resistant S. aureus
(MRSA); according to the authors, cutaneous and nasal
colonization by MRSA is associated with a higher incidence
of infection after surgeries to place a hip prosthesis. Theyalso
highlighted that individualswith recent use of antibiotics are
more likely to have MRSA colonization.17

In a study carried out in a single center in Taiwan, themain
pathogens associatedwith PJI in thehipwere identified. Of the
total of 159 registered cases, 27%were caused by S. aureus, 14%
by CoNS, 21% by MRSA, and 4.1% by fungi and mycobacteria.
Given the high prevalence of colonization and diversity of
pathogens, the authors suggest empirical antibiotic therapy
withbroadercoverage in theperiodbetween the identification
of the infectious condition and the PJI culture result.18

A similar study carried out in Germany with 477 patients
with PJI also showed S. aureus as themain pathogen involved
(28.2%), followed by methicillin-resistant S. epidermidis
(MRSE; 13.2%), MRSA (6.6%), CoNS (16.4%), and streptococ-
cus (9.1%). In the study, the researchers consider that the
existence of multicomorbidities, advanced age, and obesity
are conditions of greater risk for the appearance of PJI.19

Other risk factors for PJI described in the literature were:
prolonged surgical time, previous use of immunosuppres-
sants, history of previous surgery on the incisions, preopera-
tive hypoproteinemia, and superficial infection.20

A studywith 96 patientswho suffered PJI indicated that the
main etiological agentswere Gram-positive pathogens. Staph-
ylococcus epidermideswas themost common after hip arthro-
plasties (38.10%)while S. aureuswas themain infectious agent
found inPJI of thekneejoint (40.74%).20Other analyzed studies
also indicated that highly resistant pathogens such as
MSSA,17,21MRSE,16,18,19MRSA,CoNS,Enterococcus,andStrep-
tococcus are responsible for most periprosthetic infections,
withMRSAandMRSEbeing themostcommoninfectionswhen
analyzing pathogens resistant to antibiotic therapy.18,19,22–24

Nasal screening and decolonization
The literature describes several strategies for nasal screening
and decolonization aimed at reducing the occurrence of PJI
after hip arthroplasty.25–27 Universal decolonization pro-
poses decolonization for all patients without a screening
process, while targeted decolonization provides for a screen-
ing process to identify patients eligible for decolonization.
Although screening has been referred to as themost effective
strategy from an economic point of view, there is great
difficulty in identifying individuals who would be eligible
for screening, that is, those at higher risk of PJI.

In a study carried out in Japan with 1,654 patients
undergoing total hip arthroplasty, the researchers did not
identify independent predictive factors for contamination by
MRSA, and only female gender was identified as an indepen-
dent risk factor for S. aureus. Thus, it would not be possible to
identify useful predictive parameters for nasal screening,
thus requiring universal decolonization in patients undergo-
ing the surgical procedure.25

Ten studies addressed preoperative decolonization proce-
dures as a way to prevent the occurrence of PJI. In all cases,
topical mupirocin (ointment) was used in the nostrils in the
decolonization protocol, applied 2 to 3 times a day for 5 days,
associated with daily baths with 2 to 4% chlorhexidine.21,25–33

Of these, only three emphasized the effectiveness of decoloni-
zation to reduce PJI, and in one of the studies there was a
reduction only in early PJI caused by S. aureus, not reducing
global PJI.27 In the other two studies, there was a reduction in
overall PJI32,33andoneof thestudiesalsoshowedareduction in
surgical site infections in patients with preoperative
decolonization.33

As reported by Barbero et al.,32 S. aureus is the main agent
causing infections in joint prostheses. In a control study
involving 307 patients with hip fractures who underwent
elective arthroplasties, colonization by S. aureus was ob-
served in 28.3% of the sample. We opted for a S. aureus
detection-decolonization protocol with intranasal mupiro-
cin and chlorhexidinebaths, with a considerable reduction in
the incidence of PJI in the decolonized group.32

Contrary to what was described in the previous study,
research carried out in Switzerland with 1,318 patients
undergoing hip prosthetic surgery failed to show significant
differences between the groups colonized with S. aureus and
noncolonized with regard to the occurrence of PJI (0.3%). In
view of thesefindings, the authors declared that over 2 years,
since no PJI had occurred in neither group, therewould be no
possibility of a definitive conclusion on the effectiveness of
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preoperative decolonization, although the incidence of PJI is
lower than that of other studies found in the literature.26

Three studies considered the costs associated with per-
forming universal decolonization. In aNorth American study,
it was observed that the use of the universal decolonization
protocol, that is, without prior screening, was able to reduce
the incidence of surgical site infections (5 versus 15 cases;
0.2 versus 0.8%; p¼0.013) and also of PJI associated with S.
aureus. In view of the results, it was considered that the cost-
effectiveness would be valid, representing economic gains
and lower morbidity and mortality associated with infec-
tions after arthroplasties.33 In both cases, useful predictive
parameters for the implementation of the screening strategy
were not identified, considering that universal decoloniza-
tion would be effective and appropriate in cases of patients
undergoing hip arthroplasties.25,29,33

Among the selected studies, antibiotic prophylaxis was
also addressed, discussing aspects related to the type of drug
to be used, as well as variables considered for initiation and
discontinuation. In Turkey, it was observed that most sur-
geons (56.8%) use antibiotic prophylaxis for a longer period
than proposed in the guidelines (> 24hours), glycemic
assessment before surgery was performed by 94% of the
sample, and decolonization for MRSA was performed by
33.3% of study participants.34 Timely administration of anti-
biotics and absence of comorbidities were associated with a
favorable outcome in both prevention and control of PJI35

Final considerations
S. aureuswas reported in all selected studies as one of the
major etiologic agents of PJI. In recent years, the emer-
gence of new biomarkers that may help in the diagnosis
and early management of PJI has been observed, although
the studies found and discussed in the present construct
have presented the reduced sample as a limiting factor.
Among the new biomarkers, the AMPs in the synovial
membrane of the PJI and in the synoviocytes stand out.
Elevated CRP and ESR are also usually correlated with the
suspected diagnosis of PJI.
As for the method to obtain culture medium, the authors
highlighted the use of sonication as a superior technique
in terms of specificity and sensitivity when compared
with conventional periprosthetic tissue cultures.
Universal decolonization was one of the most reported
preventive procedures in the studies, with its best cost-
effectiveness being proven by the lower occurrence of PJI
and consequent lower associated hospital cost. There was
no consensus regarding nasal screening for decoloniza-
tion, given that the parameters for screening were not
clearly described by the studies.
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