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ABSTRACT

Objective: Periprosthetic joint infections (PJI) represent major complications in arthroplas-
ty, contributing to increased patient morbidity and imposing substantial financial burdens.
Meticulous surveillance of PJI occurrences and identification of associated risk factors is
imperative for accurately gauging the incidence rates and implementing proactive infec-
tion control measures. This study aimed to ascertain the early incidence of PJI and eluci-
date the key risk factors involved in its occurrence.

Materials and Methods: This monocentric, prospective descriptive study conducted be-
tween June 2018 and June 2019, including all patients aged 18 years and above who un-
derwent hip and knee arthroplasty. The research documented and evaluated patient de-
mographic characteristics, clinical findings, laboratory results, treatment practices, and
potential risk factors associated with the surgical process. After the 90-day postoperative
period, patients were categorized into PJI and non-PJI groups, allowing for a comprehensive
comparison of identified risk factors.

Results: This study identified a cohort of 590 patients, of whom 185 underwent hip ar-
throplasties (31.4%) and 405 underwent knee arthroplasties (68.6%). The average age of
the patients was 65.2 years, with females constituting 80.2% of the population. The overall
incidence of early PJI was found to be 2.88% (n=17). Following hip arthroplasties, the PJI in-
cidence was 4.86%, while knee arthroplasties exhibited a lower incidence of 1.9%. Several
potential risk factors associated with PJI were identified, including comorbid diseases (ad-
justed odds ratio [aOR]=3.35, 95% confidence interval [CI]=1.18-9.47), preoperative length
of stay (aOR=0.89, 95% CI=0.79-1.01), postoperative erythrocyte suspension replacement
(aOR=1.96, 95% CI=0.71-5.44), and a National Nosocomial Infections Surveillance System
(NNIS) score of 1 or higher (aOR=3.10, 95% CI=1.10-8.71). These factors were identified as
potential contributors to the risk of PJI in patients undergoing hip and knee arthroplasties.

Conclusion: Compared to other reported outcomes in the literature, this study observed a
higher incidence of early-stage PJI. The higher incidence may be due to PJI surveillance defi-
ciencies such as difficulty in post-discharge surgical site infection (SSI) follow-up, reporting,
and bacterial sampling. This discrepancy underscores the importance of actively monitor-
ing patients with risk factors for PJI development, including medical comorbidities and a
high NNIS score. Implementing prospective active surveillance in such cases is deemed
crucial for the timely identification and management of PJI.
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Periprosthetic Joint Infections and Risk Factors

INTRODUCTION

ip and knee arthroplasties stand out as the

most prevalent surgical interventions em-

ployed to address joint deformities, predomi-
nantly stemming from osteoarthritis associated with
an aging population. In Turkey, a total of 34,240 hip
arthroplasties and 81,109 knee arthroplasties were
conducted in 2022. Meanwhile, in the United States
of America (USA), the annual tally of hip and knee
arthroplasties is estimated at around 1,000,000, with
projections indicating a surge to 4,000,000 by the
year 2030 (1). This substantial increase in arthroplas-
ty procedures accentuates the growing significance
of periprosthetic joint infections (PJI), recognized as
the most prevalent, devastating, and high financial
burden complication arising from arthroplasty (2).

The incidence of PJI following hip arthroplasty rang-
es from 0.5% to 1%, while for knee arthroplasty, the
incidence was reported to vary between 0.5% and
2% (3, 4). In Turkey, the reported incidence of PJI af-
ter knee and hip arthroplasties in 2022 was 0.43%
and 1.44%, respectively (5). However, difficulties in
actively surveilling patients after discharge suggest
that the true incidence of PJI may be higher than re-
ported (6). Studies indicate that approximately one-
fifth of PJIs may go undetected, not being reflected
in surveillance data (6).

Many risk factors and risk prediction models for the
development of PJI have been identified in the lit-
erature. Body mass index, diabetes mellitus (DM),
male sex, immunosuppression, hypoalbuminemia,
history of rheumatoid arthritis, National Nosocomi-
al Infections Surveillance Score (NNIS), American
Society of Anesthesiologists (ASA) score are among
the most commonly reported patient-associated
risk factors, and blood transfusion, prolonged oper-
ative time, previous surgery are the most frequently
identified among surgery/hospital-associated risk
factors (7-10). Hence, it is imperative to accurately
determine the true incidence of PJI, identify associ-
ated risk factors, develop suitable infection control
programs, target high-risk patient groups, and es-
tablish postoperative care recommendations.

This study primarily aimed to ascertain the inci-
dence of early-stage knee and hip PJI within our
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center and identify the associated risk factors spe-
cific to knee and hip PJI.

MATERIALS AND METHODS

This study was designed to be monocentric, pro-
spective, and descriptive, spanning the period from
June 15, 2018, to June 15, 2019. All patients aged 18
years and above who underwent knee and hip ar-
throplasties were included. An average of 400-450
knee arthroplasties and 200-250 hip arthroplasties
were performed annually in our center. The operat-
ing rooms dedicated to arthroplasty were equipped
with vertical laminar flow, and a HEPA filter was
present. The surgical team involved in the opera-
tions wore masks and disposable surgical aprons.
Skin preparation for patients involved the applica-
tion of povidone-iodine solution and 3M™ Ioban™
2 antimicrobial incise adhesive drape. Knee arthro-
plasties were executed using the medial parapatel-
lar arthrotomy approach, while hip arthroplasties
were conducted employing the modified anterolat-
eral approach for all cases.

Cases of PJI following shoulder and ankle arthro-
plasties, revisions performed after PJI, and patients
lacking postoperative follow-up for a 90-day peri-
od were excluded. Shoulder and ankle arthroplasty
were excluded because of the lack of comparable
national surveillance data in our country, and risk
factors were different than knee and hip arthro-
plasty. Patients undergoing revision arthroplasty

HIGHLIGHTS

e The incidence of PJI was higher in our study than
in other studies in the literature.

e Comorbid disease, preoperative stay length, post-
operative erythrocyte suspension replacement,
and NNIS were determined to be potential risk
factors associated with early PJI.

e Our study shows the importance of the prospec-
tive active surveillance method in determining
the actual incidence of PJI

¢ Although potential risk factors for late-stage PJI
are mostly evaluated in the literature, our study
examined early-stage PJI risk factors.
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for PJI were excluded because the incidence of PJI
was higher than that of primary arthroplasties.
Early-onset PJI was defined as complications aris-
ing within the first 90 days postoperatively (11). The
diagnosis of prosthetic joint infection adhered to
the criteria outlined in the International Consen-
sus Meeting on Periprosthetic Joint Infections, pub-
lished in 2018 (Table 1) (12).

The Clinical Research Ethics Committee of Gazi Uni-
versity approved the study on November 26, 2018 with
decision number 875. Informed consent was obtained
from all individual participants included in the study.

Study Protocol

This study included consecutive patients who un-
derwent hip and knee prosthesis surgeries. The
recorded and evaluated demographic information
included age, gender, body mass index (BMI), co-
morbid diseases, the existence of a secondary pros-
thesis, prior history of prosthetic joint infection,
perioperative hospitalization periods, preoperative
anemia (serum hemoglobin levels below 13 g/dL in
men, 12 g/dL in women), presence of hypoalbumin-
emia (serum albumin level below 3.5 g/dL), surgi-
cal prophylaxis, operation time, type of operation
(emergency-elective, primary-secondary), type of
anesthesia (general or spinal/epidural), and trans-
fusion history during hospitalization.

Threshold hemoglobin values for allogeneic blood
transfusion were determined as 8 g/dL in asymp-
tomatic patients and 10 g/dL in symptomatic pa-
tients (13). The study employed the NNIS and the
ASA score systems to calculate and assess the risk
of PJI (14-15). Continuous evaluation for PJI develop-
ment was conducted daily during the patient’s hos-
pitalization. In the post-discharge period, patients
were prospectively monitored for PJI development
in the Infectious Diseases and Clinical Microbiology
or Orthopedics and Traumatology clinics. Clinical
and laboratory data were extracted from patient
files, the NUCLEUS v9.23.3 hospital database, and
patient medical records.

Power Analysis

The incidence in the community typically ranges
from 0.5% to 2% (3-4). In our study, the determined
PJlincidence was 2.88%. The study'’s statistical pow-
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Figure 1. The study's flowchart.

er, with a 95% confidence interval (CI), was calcu-
lated to be 95.07%, considering a type-1 error of
less than 0.05 for the sample size of 590 within the
study’s scope. The power analysis for the study was
conducted using the OpenEpi version 3.1 publicly
available statistics software.

Statistical Analysis

The statistical analyses were performed using the
Statistical Package for Social Sciences (SPSS) 20.0
(IBM Corp., Armonk, NY, USA). The normality of
data distribution was assessed with histogram/Q-Q
plots and Shapiro-Wilk tests. Categorical variables
are reported as frequency and percentage and an-
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Table 1. The diagnosis of prosthetic joint infection (12).

Decision
Major criteria (at least one of the following)
Two positive growths of the same organism using standard methods

Infected
Sinus tract with evidence of communication to the joint or visualization of the prosthesis
Minor criteria

Threshold
Score
Acute* Chronic

Serum CRP (mgr/L) 100 10
or 5
D-Dimer (ug/L) Unknown 860
Elevated Serum ESR (mm/hr) No role 30 1
Elevated synovial WBC count (cell/mL) 10,000 3000 Combined preoperative and
or postoperative score;
Leukocyte esterase ++ ++
or 3 Infected: =6
Positive alpha-defensin (signal/cut-off) 1.0 1.0 Inconclusive: 3-5%

Non-infected: <3
Elevated synovial PMNL (%) 90 70 2
Single positive culture 2
Positive histology 3
Positive intraoperative purulence’ 3

CRP: C-reactive protein, WBC: White blood cell, PMNL: Polymorphonuclear leucocytes, ESR: Erythrocyte sedimentation rate.

*These criteria were never validated on acute infections
1No role in suspected adverse local tissue reaction

$Consider further molecular diagnostics such as Next-Generation Sequencing

alyzed with a chi-square test. Continuous variables
were presented as mean and standard deviation
(SD) or median values and an interquartile range
(IQR) of 25%-75%. Non-parametric values were an-
alyzed using the Mann-Whitney U test.

The statistical significance was set as p<0.05. For de-
termining early-onset PJI risk factors, multivariate
models included variables such as comorbid dis-
ease, preoperative hospitalization time, NNIS score,
and postoperative erythrocyte replacement, with a
p-value of <0.2 in univariate analysis. Although the
p-value was <0.2 in univariate analysis, venous in-
sufficiency, anemia, chronic kidney disease, osteopo-
rosis, prosthetic infection history, surgical site, and
anesthesia type were excluded from the multivari-
ate models due to the number of cases in the groups
being less than 10. Additionally, operation time was
excluded from the model due to its high correlation
with the NNIS score included in the model.
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RESULTS

Although 679 patients who underwent arthroplas-
ty were initially evaluated, 590 were ultimately in-
cluded in the study. Hip arthroplasty was performed
on 185 (31.4%) patients, while knee arthroplasty was
performed on 405 (68.6%) patients. Of all arthroplas-
ties, 553 (93.7%) were performed electively, while 37
(6.3%) were done under emergency conditions. The
study’s flowchart is illustrated in Figure 1.

Primary arthroplasty was performed on 532 (90.2%)
patients, while 58 (9.8%) underwent revision ar-
throplasty for mechanical reasons. The average
age of the patients was 65.2 years (ranging from
22 to 99). Among the patients, 473 (80.2%) were
female, and 117 (19.8%) were male. The average
operation time was 99.9+£32.6 minutes. Antimicro-
bial prophylaxis was administered to all patients
within 30-60 minutes before arthroplasty, with
cefazolin sodium being the most commonly used
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Table 2. Evaluation of risk factors for development of periprosthetic joint infections (PJI).

Variabilities Pl n=17 No PJI, n=573 p Unadjusted OR Adj”fé‘f)d ol
Preoperative
Age, median (IQR: 25-75%) 67 (49 -78.5) 66 (60 -78.5) 0.679 1.01 (0.97 to 1.05) -
Gender, n (%)
Female 12 (70.6) 461 (80.5) 0315 0.58 -
Male 5 (29.4) 112 (19.5) (0.2 to 1.68)
BMI, median (IQR: 25-75%) 32 (23-34) 30 (26-33) 0.719 -
Comorbidities, n (%)
é\ct,rfgfgig?tieeg”‘*dka' 10 (58.8) 445 (77.8) 0.068 2.43 (0.9 10 6.5) 335" (1.18-9.47)
Diabetes mellitus 2(11.8) 131 (22.9) 0.247 0.45 (0.1 to 1.99) N/A
Hypertension 9(52.9) 320 (55.8) 0.812 0.88 (0.33 t0 2.33) -
Chronic renal disease 2(11.8) 18 (3.1) 0.124 2.32(0.28 t0 18.6) N/A*®S
Venous insufficiency 2(11.8) 8(1.4) 0.028 9.41 (1.84 to 48.1) N/A*
Immunosuppression - 28 (4.9) NA - -
Arterial insufficiency - 1(0.2) NA - -
Solid organ malignancy - 17 (3) NA - -
Rheumatological disease - 46 (8) NA - -
Osteoporosis 1(5.9) 6 (1) 0.187 5.90 (0.67 to 51.9) N/A*
Secondary prosthesis 5(29.4) 156 (27.2) 0.842 1.11 (0.38 to 3.21) -
Prosthetic infection history 2(11.8) 20 (3.5) 0.15 3.68 (0.78 t0 17.2) N/A*
Developmental hip dislocation® 2(22.2) 23(13.1) 0.465 4.33(1.17 to 15.9) -
Anemia 8 (47.1) 113 (19.7) 0.006 3.61% (1.36 t0 9.58) N/A*
Hypoalbuminemia 2(11.8) 46 (8) 0.6 1.52 (0.33 to 6.88) -
ZE';vpga;g/?)'egag;h of stay 1(1-1.5) 1(1-1) 0.047 0.88"* (0.78 to0 0.99) 0.89* (0.79 to 1.01)
Preoperative allogeneic blood 2(11.8) 33(5.8) 0.357 2.17 (0.47 10 9.9) -
transfusion, n (%)
ASA score =3 7 (41.2) 172 (30.6) 0.324 0.58 (0.27 to 1.26) -
NNIS score >1 10 (58.8) 2019 (38.2) 0.86 0.49 (0.24 to 1.02) 3.1 (1.1 t0 8.71)
Operative
Prosthesis Location
Hip arthroplasty 9(52.9) 176 (30.7) 0.052 2.53 N/A*
Knee arthroplasty 8(47.1) 397 (69.3) (0.96 to 6.68)
Operation Type
Emergency 3(17.6) 34 (5.9) 0.1 3.39 N/A
Elective 14 (82.4) 539 (94.1) (0.93 t0 12.3)
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Continue to Table 2

Revision arthroplasty which
is opera;ed related with 3(17.6) 55 (9.6) 0316 0.49 (0.13 to 1.77) -
mechanical reasons

Anesthesia Type
Spinal / Epidural 7(41.2) 357 (62.3) 0.077 236 N/A*
Overall 10 (58.8) 216 (37.6) (0.88 t0 6.29)
Operation time, min, median o 5
(GR: 25.75%) 105 (95-157.5) 90 (80 -120) 0.024 0.98* (0.97 to 0.99) N/A

Postoperative
Postoperative allogeneic blood 10 (58.98) 216 (37.7) 0.07 0.42 (0.15 to 1.12) 1.96* (0.71 to 5.44)
transfusion, n (%)
Drain use, n (%) 7 (41.2) 141 (24.6) 0.141 0.466 (0.17-1.24) -

OR: Odds ratio, Cl: Confidence interval, IQR: Interquartile range, BMI: Body mass index, CRP: C-reactive protein,

ASA: American Society of Anesthesiologists, NNIS: National Nosocomial Infections Surveillance System.

Tit is evaluated on only 185 patients who underwent hip-replacement surgery.
#In univariate analysis, one of the comparison arms was not included in the multivariate analysis due to a sample size of <10 in that arm.

SParameters exhibiting a high level of correlation (Pearson coefficient >0.6) were excluded from the multivariate model.

*p>0.05, **p<0.05

(95.4%). All patients received a single dose of anti-
microbial prophylaxis within 30-60 minutes before
arthroplasty. For prolonged procedures (>3 hours)
or major blood loss (>1500 mlL), intraoperative dos-
es were repeated at intervals of one to two times
during the procedure. Thromboembolism prophy-
laxis for patients undergoing arthroplasty included
enoxaparin 40 mg/day for three weeks. Tranexamic
acid was not administered to the patients. The rea-
sons for this were the lack of a standard approach
in the literature, the use of drains for perioperative
bleeding control, and the risk of thromboembolism
for elderly patients. No hematoma was observed
during the hospital follow-up. Drains were used in
442 patients (74.9%) and removed on the second
postoperative day. Prolonged drainage of fat necro-
sis was not observed. Autologous blood transfusion
was not administered, and all blood transfusions
were allogeneic.

None of the five patients who died within 90 days
postoperatively and were excluded from our study
developed PJI. The most common cause of death
was pulmonary thromboembolism (three patients).
The incidence of PJI was reported as 2.88%. Among
the affected patients, 9 (52.9%) developed an infec-
tion after hip arthroplasty, while 8 (47.1%) devel-
oped it after knee arthroplasty. The incidence of PJI
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after hip arthroplasty and knee arthroplasty was
4.86% and 1.9%, respectively.

The three most frequently detected pathogens were
methicillin-sensitive Staphylococcus aureus (n=6,
35.2%), Klebsiella pneumoniae (n=4, 23.5%), and Pseu-
domonas aeruginosa (n=2, 11.7%) respectively. Four of
the PJIs were hematogenous.

Patients with and without PJI were compared to
identify potential risk factors. Various preoperative,
perioperative, and postoperative surgical variables
deemed significant predictors in the literature were
evaluated. The results of both univariate and multi-
variate analyses are presented in Table 2.

DISCUSSION

In our study, a comparison of the incidence of ear-
ly-onset knee and hip PJI with national and local
surveillance data revealed a higher PJI incidence,
particularly after hip arthroplasty. We identified the
presence of at least one comorbid disease, preoper-
ative length of stay, and postoperative erythrocyte
replacement as potential risk factors for PJI devel-
opment. Additionally, NNIS score proved effective
in predicting the development of PJI.
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This study indicated a higher incidence of knee
and hip PJI compared to national and internation-
al literature (3-5, 16). In a recent single-center study
from Turkey, the incidence of total PJI was 1.1% and
2.4% in total hip and knee arthroplasties, respec-
tively (17). Existing research suggests that national
surveillance data might not accurately reflect the
actual PJI incidence. Studies, such as those of Zhu
et al. in New Zealand and Gundtoft et al., showed
discrepancies between local and national data, with
the true incidence being higher than reported (11,
18). Similarly, in our center, despite active surveil-
lance, it was observed that not all PJIs were captured
in the surveillance data. This highlights challenges
in post-discharge follow-up, underreporting by di-
agnosing physicians, and insufficient bacteriologi-
cal examinations in outpatients, contributing to an
underestimated PJI incidence. The study proposes
that addressing these surveillance issues is crucial
for accurate identification and reporting of PJI cases,
serving as a guide for future studies aiming to rectify
deficiencies in local and national PJI surveillance.

Our study identified medical comorbidities as a risk
factor for the development of PJI. This finding aligns
with previous research that has also demonstrat-
ed an increased risk of PJI associated with medical
comorbidities (19-21). Notably, DM is frequently
linked to the risk of PJI. Lai et al. conducted a study
evaluating the effects of single and cumulative
medical comorbidities on PJI risk, revealing associ-
ations between DM, the number of medical comor-
bidities, and infection risk (19). Other frequently
mentioned comorbidities include obesity, rheuma-
toid arthritis, cardiovascular diseases, chronic re-
nal failure, chronic pulmonary disease, peripheral
vascular disease, and immunosuppression (8, 22).
However, due to limitations in the PJI sample size
in this study, a detailed evaluation of which medi-
cal comorbidities specifically increase the risk of PJI
was not possible.

NNIS is a scoring system designed to predict the risk
of surgical site infection in the postoperative peri-
od. It incorporates three parameters: wound class
of the operation, ASA score (>3), and operation time
(2120 min) (15). Several studies have indicated that
an NNIS risk index of 1 or higher can effectively
predict the risk of periprosthetic joint infection (PJI)
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(23-26). In this study, patients with an NNIS score of
1 or higher exhibited an approximately three-fold
increase in the risk of PJI. Despite efforts to enhance
the NNIS risk score by incorporating additional
parameters associated with PJI risk, studies have
shown that the predictive value of NNIS remains
robust. For instance, the inclusion of variables such
as age, emergency surgery, trauma, general anes-
thesia, number of hospital beds, and type of surgery
(primary arthroplasty, revision arthroplasty, partial
arthroplasty) did not significantly improve the abil-
ity of NNIS to predict PJI risk (27, 28). These results
suggest that NNIS continues to be an effective and
valuable scoring system for clinicians to predict PJI.

Allogeneic blood transfusion is identified as a
known risk factor for various infections, including
PJI (29, 30). The detrimental impact of allogeneic
leukocytes on neutrophil chemotaxis, suppression
of T-helper 1 cells, and T-cell dysregulation result-
ing from the relative increase in T-helper 2 cells are
the mechanisms responsible for this association
(31). The PJI group exhibited a higher frequency of
postoperative allogeneic blood transfusion within
our study. It is suggested that practices aimed at
reducing the need for transfusions in the postop-
erative period may contribute to a decrease in the
development of PJI. However, the impact of this ef-
fect could not be conclusively defined in the multi-
variate analysis due to the small sample size in the
PJI group.

In this study, patients with PJI were observed to have
a longer preoperative hospital stay than those with-
out PJI. However, this effect could not be conclusively
demonstrated in the multivariate analysis due to the
small number of patients. Previous studies have in-
dicated that prolonged hospital stays are associated
with increased exposure to nosocomial and virulent
organisms, potentially contributing to the develop-
ment of PJI. Hence, the literature recognizes hospi-
talization as one of the risk factors for PJI (32).

This study has several limitations. Firstly, the sam-
ple size for knee and hip PJI is relatively small, as
the research was conducted for only one year at a
single center. Consequently, it was challenging to
obtain a sufficient number of patients for mean-
ingful statistical comparisons to assess risk factors.

This work is licensed under a Creative Commons Attribution-Non Commercial 4.0 International License.
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In addition, the insufficient number of cases pre-
vented the distinction between total, partial, and
trauma-related arthroplasties in terms of PJI risk
factors. Secondly, the absence of prior PJI data from
the same center did not allow a comparison, mak-
ing it difficult to determine whether the high inci-
dence observed was periodic and identify the risk
factors influencing PJI. In our center, there was no
standard approach for patient-related risk factors
such as diabetes mellitus, a high BMI, and active
smoking. These factors were not included in the
design and data of our study. Another limitation is
tranexamic acid, which has been shown to reduce
hematoma formation and therefore affects surgi-
cal site infection risk factors such as the need for
drainage and blood transfusion, was not used. In

addition, standard masks were used in our study
instead of sterile closed-air circuit helmet systems,
which have become important in arthroplasty op-
erations. These factors may be important for future
developments in infection control prevention.

In conclusion, the observed high incidence of knee
and hip PJI highlights potential deficiencies in PJI
surveillance at both local and national levels.
Awareness of PJI risk factors, including NNIS scores
and comorbidities, can serve as a guide for iden-
tifying high-risk patients before and after surgery.
Addressing modifiable factors and implementing
an effective infection control program is crucial for
mitigating the risk of PJI in orthopedic arthroplasty
procedures.
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