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Background: This study investigated the epidemiology, risk factors, and outcomes of sepsis, a life-
threatening complication, in the context of periprosthetic joint infections (PJIs) of the hip and knee.
Methods: Sepsis was determined using the sepsis-1 criteria. The cohort with PJI and sepsis was compared
to patients who had PJI without sepsis. Analyzed risk factors were patient characteristics, microbiological
findings, and comorbidities. Outcome parameters were mortality, length of hospital stay, and intensive
care unit stay. Among 108 PJIs (48 hips and 60 knees), 40.6% met the sepsis criteria.
Results: In hip PJI, the sepsis group had a higher Charlson Comorbidity Index (4.0 versus 1.0; P < 0.001)
with Staphylococcus aureus infections more common in septic cases (9 of 17 versus 6 of 31; P = 0.04).
Renal (odds ratio (OR) 16.9; P < 0.001) and cardiac (OR 12.5; P = 0.02) disease increased sepsis risk.
Sepsis correlated with prolonged hospital stays (54 versus 24 days; P = 0.002) and increased mortality
(23.5 versus 3.2%; P = 0.047). In knee PJI cases, septic patients had more Staphylococcus aureus PJI (14 of
28 versus 8 of 32; P = 0.04). Atrial fibrillation (OR 3.3; P = 0.04) and renal disease (OR 4.0; P = 0.02) were
associated with sepsis. Sepsis cases had longer hospital stays (48 versus 29.5 days; P = 0.01) and higher
intensive care unit admissions (67.9 versus 34.4%; P = 0.02). In-hospital mortality was 10-fold higher in
the sepsis cohort (25.0 versus 3.3%; OR 10.3, P = 0.02).
Conclusions: In a considerable number of patients, PJI can lead to a septic course associated with
increased mortality. This underscores the need for close monitoring to prevent overlooking these pa-
tients’ deteriorating clinical conditions. Timely interventions, akin to the “every hour counts” approach in
sepsis management, might help reduce morbidity and mortality in these patients.
© 2024 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).

The global incidence of arthroplasty procedures has been orthopaedic interventions worldwide [1,2]. Despite their high
steadily increasing, making them one of the most common success rates, periprosthetic joint infections (PJIs) remain among

the most frequent, important, and challenging complications
associated with these procedures [3—5]. The clinical presentation of
PJI can vary widely, ranging from a painful joint to severe systemic
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manifestations, including sepsis [6,7]. Sepsis is a dysregulated host
response to infection, leading to widespread inflammation and
organ dysfunction; crude mortality rates range from 10 to > 40% [6].
The individual risk of mortality depends on the site of infection and
the infecting pathogen, host factors such as age and comorbidities,
and the promptness and efficacy of therapy [8—11].
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The consequences of PJI and its various treatment options,
ranging from (debridement, antibiotics, and implant retention
(DAIR) to staged surgical procedures and even amputation, have
been well investigated in terms of quality of life, necessary revision
rates, and mortality [12—15]. However, there is a paucity of studies
specifically investigating the subgroup of patients who have sepsis.
Understanding the differences between patients who do and do not
have sepsis in the context of PJI is essential for improving outcomes
and guiding clinical management. Therefore, this study aimed to
investigate: (1) the proportions of PJI patients who have concom-
itant sepsis; (2) risk factors for sepsis; and (3) mortalities and
outcomes in the cohort suffering from PJI and sepsis.

Methods
Patient Identification

A single-center retrospective cohort study of patients treated for
PJI was conducted (Figure 1). Patients presented either to the
clinic’s emergency department or our outpatient clinic. The inclu-
sion period was defined from January 1, 2017, to December 31, 2020.
Eligible patients aged 18 years or older were selected from our
electronic patient data management system by the International
Classification of Disease 10 diagnosis “T84.5 Infection and inflam-
matory reaction due to internal joint prosthesis.” Only the patients
who had a PJI of the hip or knee were included. To define PJI in this
study, the criteria established by the European Bone and Joint
Infection Society in 2021 were used [16].

The confirmatory criteria for PJI used in this cohort include the
following:

(1) Presence of a sinus tract communicating with the prosthesis
or visualization of the prosthesis.

(2) Microbiological findings such as > two positive cultures with
the same microorganism from synovial fluid or peri-
prosthetic tissue; or sonication fluid results showing > 50
colony-forming units/ml of any organism.

(3) Histological evidence showing the presence of > five neu-
trophils in > five high-power fields at 400x magnification, or
the presence of visible microorganisms.

Tests for synovial biomarkers such as alpha-defensin were not
routinely performed and therefore not considered as a confirma-
tory criterion.

The diagnosis of sepsis was established according to the “sepsis-
1” definition by the consensus conference in 1991, which required
at least two positive systemic inflammatory response syndrome
(SIRS) criteria [17]. The SIRS criteria are (1) abnormal body tem-
perature, indicated by a fever above 38.0°C (100.4°F) or hypother-
mia below 36.0°C (96.8°F); (2) tachycardia, with a heart rate
exceeding 90 beats per minute; (3) tachypnea, characterized by a
respiratory rate over 20 breaths per minute or a reduced partial
pressure of carbon dioxide in arterial blood (PaC02) below 32 mm
Hg; (4) abnormal white blood cell count, featuring either an
elevation (> 12,000 cells/mm?) or a reduction in total white blood
cell count (< 4,000 cellsymm?), or the presence of more than 10%
immature (band) forms in the blood [17].

Patient Characteristics and Outcome Parameters

Patient characteristics, including sex, age, body mass index
(BMI), and Charlson Comorbidity Index (CCI), were retrospectively
evaluated by reviewing electronic medical records. Clinical data
consisted of the affected joint, duration of symptoms (classified as
acute if < 3 weeks or chronic if > 3 weeks), hematogenous infection
route (determined by signs of infection occurring > 3 months
postsurgery), number and type of surgical procedures performed
on the affected joint (DAIR, one-stage exchange, 2-stage exchange,
and multiple-stage exchange), laboratory findings (C-reactive pro-
tein (CRP), leukocyte count, and procalcitonin (PCT) levels), and
microbiological findings (joint aspiration, intraoperative tissue
samples, and blood cultures). For risk analysis, pre-existing condi-
tions such as diabetes mellitus, coronary heart disease, a history of
myocardial infarction, congestive heart failure, atrial fibrillation,
peripheral artery disease, apoplexy, dementia, chronic obstructive
pulmonary disease, liver disease, cancer, rheumatic disease, and
kidney disease were taken into consideration. Additionally, con-
current infections encompassed endocarditis, pneumonia, upper
respiratory tract infection, urinary tract infection, and oral or dental
infections at the time of presentation.

The primary outcome was in-hospital mortality, and the num-
ber of operations performed, length of hospital stay, intensive care
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Figure 1. Overview of the study design: periprosthetic joint infection confirmation followed European Bone and Joint Infection Society criteria, and subsequent sepsis screening
utilized systemic inflammatory response syndrome criteria. The incidence of sepsis was determined, and risk factors were explored based on patient characteristics, the affected
joint, microbiological findings, medical history, and symptoms. Outcome parameters were in-hospital mortality and length of intensive care unit and overall hospital stay.
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Table 1
Baseline Characteristics of Patients With Periprosthetic Joint Infection of the Hip in the Nonsepsis and Sepsis Cohort.
Characteristics Nonsepsis Sepsis (n = 17) P Value
(n=31)
Men (%) 15 (48.4) 10 (58.8) 0.49
Age (years) 73.0 (37.0 to 94.0) 77.5 (58.0 to 87.0) 0.39
BMI (range) 29.0 (17.6 to 43.5) 28.3 (21.6 to 48.8) 0.55
Acute PJI (duration of symptoms <3 weeks) (%) 20 (64.5) 9(52.9) 0.43
Chronic PJI (duration of symptoms >3 weeks) (%) 11 (35.5) 8 (47.1) 043
Hematogenous PJI (>3 months postsurgery) (%) 20 (76.9) 6(35.3) 0.052
Synchronous PJI (%) 4(12.9) 4(23.5) 0.48
Charlson Comorbidity Index 1.0 (0 to 6.0) 4.0 (0to 7.0) <0.001

P-value numbers marked in bold indicate significance (P < 0.05).
BMI, body mass index; PJI, periprosthetic joint infection.

unit (ICU) admission, and length of ICU stay were secondary
outcome parameters. Length of hospitalization was reported as the
cumulative length of hospitalization for treatment of PJI, which
may have included multiple hospitalizations (e.g., if a patient was
discharged before reimplantation).

Institutional Review Board Statement

The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Institutional Ethics
Committee of the University Hospital Regensburg (file number 20-
1680-101, 25 March 2021).

Data Analyses

Frequencies were reported in numerical values and percentages.
Continuous parameters were checked for normal distribution using
Shapiro-Wilk tests, and equality of variances was measured using
Levene tests. Non-normally distributed data were compared using
Mann-Whitney U tests and presented as median values with
ranges. The comparison of categorical variables was conducted
using the Chi-square tests and Fisher’s exact tests, as appropriate.
First, univariate logistic regression was used to explore the rela-
tionship between categorical variables and severity, with results
presented as odds ratios (ORs) and 95% confidence intervals (Cls). In
the second step, significant categorical risk factors were incorpo-
rated into a multivariate logistic model to assess their combined
effects, accounting for interactions and potential multicollinearity.
The significance level was set at P < 0.05. Statistical analysis
employed IBM Statistical Package for Social Sciences Statistics
software (version 24.0, IBM Corp., Armonk, New York) and
GraphPad Prism 9.4.1 (GraphPad Software, San Diego, California).

Demographic Data

In total, 101 patients who had confirmed PJI and available data
on SIRS criteria were eligible. The PJI patients were classified as
nonsepsis (n = 60) and sepsis (n = 41) cohorts. Overall, 108 PJIs
were recorded, with 48 PJIs involving the hip and 60 PJIs involving
the knee.

Among patients who had a hip PJI, 17 (35.4%) were in the sepsis
cohort. There was no statistically significant difference between the
groups in terms of sex distribution or age. However, there was a
significant difference in CCI between the cohorts (P < 0.001), with
the sepsis cohort having a higher CCI (Table 1). Other factors, such
as BMI, duration of symptoms, and the distribution of hematoge-
nous or synchronous PJI, showed no significant differences.

A septic course was recorded in 28 (46.6%) of the patients who
had a knee PJI. When comparing septic and nonseptic PJI of the
knee, there were no significant differences in terms of sex, age, BMI,
acute versus chronic PJI, hematogenous PJI, synchronous PJI, or CCI
(Table 2).

Results
Periprosthetic Joint Infection of the hip

Diagnostic Findings

In the nonsepsis hip PJI cohort, the median CRP level at
admission was 77.0 mg/L, while the sepsis cohort had a significantly
higher median CRP of 130.0 mg/L (P = 0.017) (Table 3). The median
PCT level at admission was 0.07 ng/mL in the nonsepsis cohort and
0.8 ng/mL in the sepsis cohort; however, this difference was not
statistically significant (P = 0.09). The leukocyte count at admission
was 8,000.0/uL in the nonsepsis group and 7,000.0/uL in the sepsis

Table 2

Baseline Characteristics of Patients With PJI of the Knee in the Nonsepsis and Sepsis Cohort.
Characteristics Nonsepsis Sepsis (n = 28) P Value

(n=32)

Men (%) 17 (53.1) 15 (53.6) 0.97
Age (years) 76.5 (41.0 to 91.0) 78.0 (53.0 to 91.0) 0.77
BMI (range) 29.7 (20.5 to 58.6) 28.3 (15.6 to 51.4) 0.51
Acute PJI (duration of symptoms <3 weeks) (%) 19 (59.4) 19 (76.9) 0.34
Chronic PJI (duration of symptoms >3 weeks) (%) 13 (40.6) 9(32.1) 0.50
Hematogenous PJI (>3 months postsurgery) (%) 25(78.1) 20(71.4) 0.55
Synchronous PJI (%) 3(94) 6(21.4) 0.19
Charlson Comorbidity Index (range) 3.0 (0 to 9.0) 3.0(0to 7.0) 0.14

BMI, body mass index; PJI, periprosthetic joint infection.
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Table 3
Diagnostic Findings in Nonsepsis and Sepsis Patients With Periprosthetic Joint Infections of the Hip.
Diagnostic Findings Nonsepsis (n = 31) Sepsis (n = 17) P Value
Systemic
CRP at admission 77.0 (0.7 to 107.0) mg/L 130.0 (13.0 to 468.0) mg/L 0.017
PCT at admission® 0.07 (0.05 to 3.2) ng/mL 0.8 (0.05 to 62.8) ng/mL 0.09
Leukocyte count/uL at admission 8,000.0 (6,000.0 to 15,000.0)/uL 7,000.0 (1,000.0 to 14,000.0)/uL 0.14
Blood culture positive (%) 4 of 14 (28.6) 10 of 15 (66.7) 0.04
Identical pathogen in blood culture and intraoperative sample (%) 2 of 4 (50.0) 5 of 10 (50.0) 1.00
Local
Culture-positive aspiration fluid (%) 17 (54.8) 13 (81.3) 0.07
Positive culture of deep tissue samples (%) 19 (61.3) 14 (824) 0.13

P-value numbers marked in bold indicate significance (P < 0.05).
CRP, C-reactive protein; PCT, procalcitonin; PJI, periprosthetic joint infection.
¢ Data available in 24 patients.

group (P = 0.14). Blood cultures were positive in 28.6% of cases in
the nonsepsis cohort compared to 66.7% in the sepsis cohort
(P = 0.04). The same pathogen was identified in both blood culture
and aspiration fluid or tissue samples in 50.0% of cases in both
groups. No significant difference was observed in the rate of
culture-positive aspiration fluid (P = 0.07) or tissue samples (P =
0.13) between the 2 cohorts (Table 3).

Pathogens

Table 4 summarizes the microbiological findings from blood
cultures and tissue samples of PJI of the hip. Methicillin-sensitive
Staphylococcus aureus (MSSA) was significantly more common in
the sepsis cohort for both tissue samples (47.1 versus 19.4%, P =
0.04) and blood cultures (41.2 versus 9.7%, P = 0.02). Coagulase-
negative staphylococci, especially Staphylococcus epidermidis,
were more prevalent in nonseptic cases (61.2 versus 29.4%, P =
0.03) (Figure 2A). Polymicrobial infections were more frequently
observed in the blood cultures of the sepsis cohort, although this
result was not statistically significant (P = 0.08).

Surgical Procedures

In the nonsepsis hip PJI group, DAIR were performed in 38.7% of
patients, compared to 29.4% in the sepsis group (P = 0.51). A one-
stage exchange was performed in 16.1% of nonsepsis patients but
was not applied in the sepsis group (P = 0.15). A 2-stage exchange

Table 4

was slightly more common in the nonsepsis group (12.9%)
compared to the sepsis group (5.9%) without significant differences
between both cohorts (P = 0.64). Multistage exchanges were more
frequent in the sepsis group (52.9%) than in the nonsepsis group
(29.0%), though this difference was not statistically significant
(P = 0.10). A small percentage of patients had no surgery or had
unknown surgical status in both groups (3.2% in nonsepsis, 11.8% in
sepsis; P = 0.99).

Risk Factors

The CCI was significantly higher in the sepsis group than in the
nonsepsis group (median CCI 4.0 versus 1.0, P = 0.001), with an
increased CCI score associated with a higher risk for sepsis (OR 2.0,
95% CI: 1.3 to 3.1). In univariate logistic regression analysis (Table 5),
kidney disease was the strongest risk factor for sepsis (76.5% in
sepsis versus 16.1% in nonsepsis, P < 0.001; OR 16.9, 95% CI: 3.9 to
73.8). Myocardial infarction and coronary heart disease were also
more common in the sepsis group (both 29.4 versus 3.2%, P = 0.02;
OR 12.5, 95% CI: 1.3 to 118.5). Pneumonia was more frequent in the
sepsis cohort (41.2 versus 6.5%, P = 0.006; OR 10.2, 95% CI: 1.8 to
57.1). In multivariate analysis, kidney disease (P = 0.02, OR 10.2, 95%
CI: 1.5 to 68.1) and coronary heart disease or myocardial infarction
(both P = 0.047 OR; 13.7, 95% CI: 1.0 to 180.2) remained significant
predictors of sepsis development, while pneumonia did not retain
significance (P = 0.38).

Isolated Microorganisms in Tissue Samples and Blood Cultures in Patients With Periprosthetic Joint Infections of the Hip.

Pathogen Pathogen in PJI Pathogen in Blood Cultures
Nonsepsis sepsis P value Nonsepsis sepsis P Value
Staphylococcus aureus (%) 6(19.4) 9(52.9) 0.02 3(9.7) 7 (41.2) 0.02
MSSA (%) 6(194) 8 (47.1) 0.04 3(9.7) 7 (41.2) 0.02
MRSA (%) 0 1(5.9) 0.35 0 0 -
Coagulase-negative staphylococci (%) 19 (61.2) 5(29.4) 0.03 1(3.2) 1(5.9) 1.00
Staphylococcus epidermidis (%) 13 (41.9) 2(11.8) 0.050 1(3.2) 1(5.9) 1.00
Other Staphylococcus species (%) 6(19.4) 3(17.6) 1.00 0 0 0
Streptococci (%) 2 (6.5) 4(23.5) 0.17 1(3.2) 1(5.9) 1.00
Enterococci (%) 5(16.1) 1(5.9) 0.40 0 0 -
Gram-negative bacteria (%) 6(19.4) 3(333) 1.00 0 2(11.8) 0.12
Anaerobic bacteria (%) 0 0 - 0 0 -
Other (%) 3(9.7) 0 0.54 0 0 -
Fungi (%) 1(3.2) 1(5.9) 1.0 0 1(5.9) 0.35
Polymicrobial (%) 10 (32.3) 6(35.4) 1.00 1(3.2) 3(17.7) 0.08

P-value numbers marked in bold indicate significance (P < 0.05).

PJI, periprosthetic joint infection; MSSA, Methicillin-sensitive Staphylococcus aureus; MRSA, Methicillin-resistant Staphylococcus aureus.
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Outcome

There was one death (3.2%) in the nonsepsis cohort, while
the sepsis of hip PJI had a significantly higher mortality of 4
cases (23.5%) (P = 0.047, OR = 9.2; 95% CI 0.9 to 90.8). The
median length of hospital stay was 24.0 days in the nonsepsis
patients compared to 54.0 days in sepsis patients (P = 0.002).
There were 8 patients (25.8%) from the nonsepsis cohort who
were admitted to the ICU during the hospital stay, compared to
12 patients (70.6%) in the sepsis cohort (P = 0.005). The OR for
ICU admission was 6.9 (95% CI of 2.1 to 11.9) for septic patients
who had a significantly longer length of ICU stay (P < 0.001)
(Table 6).
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Periprosthetic Joint Infection of the Knee

Diagnostic Findings

In the nonsepsis knee PJI cohort, the median CRP level at
admission was 115.0 mg/L, compared to a significantly higher CRP
level of 157.0 mg/L in the sepsis cohort (P = 0.009) (Table 7). The
median PCT level was 0.14 ng/mL in the nonsepsis cohort and 0.76
ng/mL in the sepsis cohort (P = 0.01). In nonseptic cases, 5.6% of the
blood cultures were positive, while 55.6% of the sepsis cases were
culture positive (P < 0.001). Culture-positive aspiration fluid was
observed in 59.4% of the nonsepsis cohort, compared to a higher
proportion of 85.7% in the sepsis cohort (P = 0.02) in accordance
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Figure 2. Distribution of causative pathogens of PJIs divided by PJI of the hip (A) and the knee (B) in the nonsepsis and sepsis cohort. MSSA, Methicillin-sensitive Staphylococcus
aureus; MRSA, methicillin-resistant Staphylococcus aureus; PJl, periprosthetic joint infection.
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Table 5

Potential Risk Factors for the Onset of Concomitant Sepsis in Periprosthetic Joint Infections of the Hip.
Characteristics Nonsepsis Sepsis (n = 17) P Value OR (95% CI)

(n=31)

Men (%) 15 (48.4) 10 (58.8) 0.49 1.5 (0.5 to 5.0)
Age (years) 73.0 (37.0 to 94.0) 77.5 (58.0 to 87.0) 0.38 1.0 (0.97 to 1.1)
BMI (range) 29.0 (17.6 to 43.5) 28.3(21.6 to 48.8) 0.53 1.0(09to 1.)
Charlson Comorbidity Index 1.0 (0 to 6.0) 4.0 (0 to 7.0) 0.001 2.0(1.3t03.1)
Coronary heart disease (%) 1(3.2) 5(29.4) 0.02 12.5(1.3 to 118.5)
Myocardial infarction (%) 1(3.2) 5(29.4) 0.02 12.5 (1.3 to 118.5)
Congestive heart failure (%) 4(12.9) 5(294) 0.25 2.8 (0.6 to 12.4)
Atrial fibrillation (%) 6(19.4) 6(35.3) 0.94 1.1 (0.3 to 4.3)
Peripheral artery disease (%) 7 (22.6) 4(23.5) 0.63 0.76 (0.3 to 2.3)
Apoplex (%) 1(3.2) 2(1.8) 0.54 4.0 (0.4 to 47.7)
Dementia (%) 4(12.9) 2(11.8) 1.00 0.9 (0.2 to 5.5)
COPD (%) 3(9.7) 0 0.54 0.6 (0.5 to 0.78)
Liver disease (%) 5(16.1) 3(17.6) 1.00 1.1 (0.2 to 5.4)
Cancer (%) 4(12.9) 5(29.4) 0.25 2.8 (0.6 to 12.4)
Rheumatic disease (%) 2 (6.5) 2(11.8) 0.61 1.9(0.3 to 15.2)
Kidney disease (%) 5(16.1) 13 (76.5) <0.001 16.9 (3.9 to 73.8)
Diabetes mellitus (%) 5(16.1) 7 (41.2) 0.06 3.6 (0.9 to 14.2)
Urinary tract infection (%) 5(16.1) 2(11.8) 1.00 0.7 (0.2 to 4.0)
Oral and dental infection (%) 1(3.2) 0 1.00 0.6 (0.5 to 0.8)
Upper respiratory tract infection (%) 1(3.2) 1(5.9) 1.00 1.8 (0.1 to 32.0)
Pneumonia (%) 2 (6.5) 7 (41.2) 0.006 10.2 (1.8 to 57.1)
Endocarditis (%) 0 2(11.8) 0.12 0.33(0.22 to 0.5)

P-value numbers marked in bold indicate significance (P < 0.05).

BMI, body mass index; COPD, chronic obstructive pulmonary disease; CI, confidence interval; OR, odds ratio.

with an increased rate of culture-positive deep tissue samples in
septic knee PJI cases (P = 0.02) (Table 7).

Pathogens

Table 8 summarizes microbiological findings from blood cul-
tures and tissue samples from PJI of the knee. Staphylococcus aureus
was significantly more common in the sepsis cohort (P = 0.04). Like
in hip PJI, coagulase-negative staphylococci were more prevalent in
nonseptic cases (P = 0.003). The microbiological findings of blood
cultures revealed that MSSA (P < 0.001) and coagulase-negative
staphylococci (P = 0.04) were more common in the septic cohort.
No significant differences were found in tissue samples or blood
cultures for streptococci, enterococci, gram-negative bacteria, or
fungi (Figure 2B). Additionally, there was no increased incidence of
polymicrobial PJI in the sepsis cohort.

Surgical Procedures

In knee PJI, DAIR was performed in 34.4% of nonsepsis patients and
32.1% of sepsis patients (P = 0.85). A one-stage exchange was con-
ducted in 12.5% of nonsepsis cases and in none of the sepsis cases (P =
0.11). Two-stage exchanges were performed in 25.0% of nonsepsis
cases and 14.3% of sepsis cases (P = 0.35). Multistage exchanges,
however, were significantly more common in the sepsis group
(46.4%) compared to the nonsepsis group (18.8%) (P = 0.02). In three

Table 6

non-sepsis and two sepsis cases, either no surgery was performed or
no information regarding the surgical treatment could be retrieved.

Risk Factors

In knee PJI, CCI, sex, or age demonstrated no significant differ-
ence between the two groups. In univariate logistic regression
analysis, kidney disease showed the strongest association with
sepsis (P = 0.02, OR 4.0, 95% CI: 14 to 11.8). Additionally,
concomitant infections, including oral and dental infections (P =
0.04, OR 1.2,95% CI: 1.0 to 1.4) and upper respiratory tract infections
(P =0.02, OR 1.2, 95% CI: 1.0 to 1.4), were identified as significant
risk factors for the development of sepsis (Table 9). However, in
multivariate logistic regression analysis, none of these risk factors
remained significant.

Outcome

Table 10 summarizes the outcomes of patients who had a PJI of
the knee in the nonsepsis and sepsis cohorts. Mortality was
significantly higher in the sepsis group, with seven deaths (25.0%)
compared to one death (3.1%) in the nonsepsis group (P = 0.02, OR
10.3, 95% CI: 1.2 to 90.3). The hospital stay was significantly longer
for sepsis patients, with a median of 48.0 days compared to 29.5
days in the nonsepsis group (P = 0.01). In terms of ICU admission,
67.9% of sepsis patients required ICU care, compared to 34.4% in the

Outcome of Patients With Periprosthetic Joint Infections of the Hip in the Nonsepsis Versus Sepsis Cohort.

Parameters Nonsepsis Sepsis (n = 17) P Value OR (95% CI)
(n=31)

Mortality, n (%) 1(3.2) 4(23.5) 0.047 9.2 (0.9 to 90.8)

Duration of hospital stay (days) 24.0 (0 to 219.0) 54 0 (3.0 to 278.0) 0.002 -

ICU n (%) 8 (25.8) 2 (70.6) 0.005 6.9 (1.8 to 25.8)

Duration of ICU stay (days) 0 (0 to 12.0) 3 (0 to 67.0) <0.001 -

Total number of surgeries 2.0(0to 7.0) 3.0(0to 8.0) 0.45

P-value numbers marked in bold indicate significance (P < 0.05).
ICU, intensive care unit; CI, confidence interval; OR, odds ratio.
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Table 7
Diagnostic Findings in Nonsepsis and Sepsis Patients With Periprosthetic Joint Infections of the Knee.
Diagnostic Findings Nonsepsis (n = 32) Sepsis (n = 28) P Value
Systemic
CRP at admission 115.0 (3.0 to 400.0) mg/L 157.0 (17.0 to 494.0) mg/L 0.009
PCT at admission® 0.14 (0.02 to 36.4) ng/mL 0.76 (0.05 to 24.88) ng/mL 0.01
Leukocyte count/pl at admission 11,500.0 (6,000.0 to 21,000.0)/uL 12,000.0 (5,000.0 to 35,000.0)/uL 0.46
Blood culture positive (%) 10f 18 (5.6) 15 of 27 (55.6) <0.001
Identical pathogen in blood culture and 0of1 10 of 15 (66.7) 0.38
intraoperative sample (%)
Local
Culture positive aspiration fluid (%) 19 (594) 24 (85.7) 0.02
Positive culture of deep tissue samples (%) 22 (68.8) 26 (92.9) 0.02

P-value numbers marked in bold indicate significance (P < 0.05).
CRP, C-reactive protein; PCT, procalcitonin; PJI, Periprosthetic joint infection.
2 Data available in 41 patients.

nonsepsis group (P = 0.02, OR 4.0, 95% CI: 1.4 to 11.8). The median
duration of ICU stay was also significantly longer for sepsis patients,
with 4.5 days versus zero days in the nonsepsis group (P = 0.004).
Also, the total number of surgeries was higher in the sepsis cohort
(median 2.5) compared to the nonsepsis cohort (median 2.0), with
a significant difference observed (P = 0.02).

Discussion

A PJl is considered one of the most devastating complications in
the orthopaedic field, associated with considerable morbidity and
mortality. However, less is known about the systemic spread of
infection and its association with sepsis and mortality. Therefore,
the objective of the present study was to investigate the incidence
of septic courses in PJI of the hip and knee, risk factors that could be
used to identify patients at risk, and the outcome of septic patients.
The present study revealed that over 40% of patients who had PJI
met sepsis criteria. Risk factors include higher CCI, PJI due to MSSA,
and comorbidities like kidney disease or cardiac diseases. Concur-
rent infections like pneumonia or upper respiratory tract infections
increase sepsis risk up to tenfold. Also, septic patients experienced
a doubled length of hospital stay, higher ICU treatment rates, and a
tenfold higher risk of in-hospital mortality, emphasizing the critical
impact of sepsis on patient outcomes in PJI.

Data on the incidence of septic courses in PJI are scarce in the
literature. A recent study reported a similar incidence of 44% among
patients who had an acute PJI treated with a DAIR procedure. In
contrast, Tokarski et al. [ 18] found a lower SIRS incidence of 27% in

Table 8

PJI patients. The higher incidence of patients meeting the SIRS
criteria in our presented cohort could be attributed to the study’s
conduct at a tertiary care center, which typically deals with a
population characterized by severe morbidity.

In a patient cohort suffering from acute PJI, factors related to
sepsis and the persistence or recurrence of infection have been
investigated. Elevated serum CRP and men was associated with the
development of sepsis and with higher persistence and recurrence
of PJI [19]. Similarly, higher CRP and PCT levels were observed in the
sepsis cohort in our study.

A higher prevalence of comorbidities was revealed as a signifi-
cant risk factor for a septic course of hip PJI. This is consistent with
the existing literature, which indicates that a higher CCI is more
likely to lead to the development of sepsis, but also to a higher need
for intensive care treatment and higher mortality rates in PJI
[19—22]. More specifically, univariate analyses revealed significant
associations between the onset of sepsis and known risk factors
such as renal disease and concomitant cardiac disease (including
myocardial infarction and atrial fibrillation), which are recognized
risk factors for PJI-related treatment failure and increased mortal-
ity. In hip PJI, renal disease remained a stable predictor in the
multivariate analysis, indicating that it continues to be important
even after other variables are taken into account [22—25].

The systemic dissemination of infection was substantiated by a
higher proportion of positive blood cultures in the septic cohort,
which was also seen in the cohort study conducted by Ludwick
et al. [19]. Although Kuo et al. [26] reported a poorer outcome in
patients who had a hematogenous PJI, no significant differences

Isolated Microorganisms in Tissue Samples and Blood Cultures in Patients With Periprosthetic Joint Infections of the Knee.

Pathogen Pathogen in PJI Pathogen in Blood Cultures
Nonsepsis Sepsis P Value Nonsepsis Sepsis P Value
Staphylococcus aureus (%) 8(25.0) 14 (50.0) 0.04 0 10 (35.7) <0.001
MSSA (%) 8(25.0) 12 (42.9) 0.14 0 9(32.1) <0.001
MRSA (%) 0 2(7.1) 0.21 0 1(3.6) 0.47
Coagulase-negative staphylococci (%) 18 (56.3) 5(17.9) 0.003 1(3.1) 6(21.4) 0.04
Staphylococcus epidermidis (%) 12 (37.5) 4(14.3) 0.08 1(3.1) 4(14.3) 0.18
Other Staphylococcus species (%) 6(18.8) 1(3.6) 0.11 0 2(7.1) 0.21
Streptococci (%) 3(94) 7 (25.0) 0.17 0 0 -
Enterococci (%) 3(94) 1(3.6) 0.62 0 0 -
Gram-negative bacteria (%) 4(12.5) 6(21.4) 0.49 0 1(3.6) 0.47
Anaerobic bacteria (%) 2 (6.25) 0 0.50 0 0 -
Other (%) 5(15.6) 3(10.7) 0.71 0 0 -
Fungi (%) 0 2(7.1) 0.21 0 3(10.7) 0.10
Polymicrobial (%) 8 (25.0) 0(32.1) 0.59 1(3.1) 5(17.9) 0.09

P-value numbers marked in bold indicate significance (P < 0.05).

PJI, periprosthetic joint infection; MSSA, Methicillin-sensitive Staphylococcus aureus; MRSA, Methicillin-resistant Staphylococcus aureus.
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Potential Risk Factors for the Onset of Concomitant Sepsis in Periprosthetic Joint Infections of the Knee.

Characteristics Nonsepsis Sepsis (n = 28) P Value OR (95% CI)
(n=32)

Men (%) 17 (53.1) 15 (53.6) 0.97 1.0 (0.4 to 2.8)
Age (years) 76.5 (41.0 to 91.0) 78.0 (53.0 to 91.0) 0.52 1.1 (0.96 to 1.1)
BMI (range) 29.7 (20.5 to 58.6) 28.3 (15.6 to 51.4) 0.54 1.0 (0.9 to 1.0)
Charlson Comorbidity Index 3.0(0t09.0) 3.0(0to 7.0) 0.18 1.2 (09to 1.1)
Coronary heart disease (%) 9(28.1) 8(28.6) 0.97 1.0 (0.3 to 3.1)
Myocardial infarction (%) 5(15.6) 9(32.1) 0.13 2.6 (0.7 to 8.9)
Congestive heart failure (%) 7 (18.3) 11 (34.1) 0.14 2.3(0.8t07.2)
Atrial fibrillation (%) 6(18.8) 12 (42.9) 0.04 33(1.0to 10.4)
Peripheral artery disease (%) 6(18.8) 4(14.3) 0.74 0.76 (0.2 to 2.9)
Apoplex (%) 2(6.3) 4(14.3) 0.40 2.5(0.4 to 14.8)
Dementia (%) 0 1(3.6) 0.47 0.46 (0.4 to 0.6)
COPD (%) 4(12.5) 5(17.9) 0.72 1.5(0.4 to 6.3)
Liver disease (%) 3(9.4) 6(21.4) 0.28 2.6 (0.6 to 11.7)
Cancer (%) 8 (25.0) 3(10.7) 0.19 0.4 (0.1 to 1.5)
Rheumatic disease (%) 5(15.6) 6(21.4) 0.40 1.7 (0.4 to 5.5)
Kidney disease (%) 11 (344) 19 (67.9) 0.02 40(14t011.8)
Diabetes mellitus (%) 9(28.1) 11(39.3) 0.36 1.7 (0.6 to 4.9)
Urinary tract infection (%) 3(9.4) 7 (25.0) 0.17 3.2 (0.8 to 13.9)
Oral and dental infection (%) 0 4(14.3) 0.04 1.2(1.0to 1.4)
Upper respiratory tract infection (%) 0 5(17.9) 0.02 1.2(1.0to 1.5)
Pneumonia (%) 2(6.3) 6(21.4) 0.13 4.0 (0.8 to 22.2)
Endocarditis (%) 0 3(10.7) 0.10 11 (1.0to 1.3)

P-value numbers marked in bold indicate significance (P < 0.05).

BMI, body mass index; COPD, chronic obstructive pulmonary disease; CI, confidence interval; OR, odds ratio.

were observed regarding the hematogenous source in the pre-
sented study. This leaves an intriguing question unanswered:
whether the PJI or the concomitant infection occurred first,
necessitating further investigations.

Regarding microbiological findings, our results confirmed the
high prevalence of S. aureus in the septic cohort while coagulase-
negative staphylococci were the dominant causative pathogen in
nonseptic patients, which aligns with the observations made by
Ludwick et al. [19]. This implies that highly virulent pathogens play
a major role in causing sepsis in patients suffering from PJI.

While sepsis is a well-known condition associated with high
mortality in various infectious diseases, the specifics of mortality
rates of sepsis associated with PJI are sparsely studied and often
based on anecdotal experience of treating physicians [27]. In the
presented sepsis cohort, the in-hospital mortality rate was reported
as 23.5% for patients who had a hip PJI and 25.0% for patients who
had a PJI of the knee, which was 10 times higher compared to the
nonsepsis cohort. There were two studies reporting lower, but still
high, mortality rates in septic patients of five and 13% [18,19].
Compared to a general in-hospital mortality of 0.77% in a large
cohort of more than 20,000 patients suffering from PJI [28], this
underscores the life-threatening effect of sepsis development in PJI.

This retrospective study has several potential limitations. The
generalizability of the results may be constrained by the small
number of patients in the study group. In addition, there is the
inability to distinctly categorize patients based on their initial point
of contact. Our cohort included patients from the outpatient clinic,
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emergency department, and planned transfers, with elective and
nonemergency admissions organized via the emergency depart-
ment. This overlap makes it impractical to distinguish between
outpatient and emergency department recruitment, which may
affect the interpretation and generalizability of our findings.
Another drawback is the reliance on already-existing medical data
and records, which may contain biased or insufficient information.
The study’s design does not allow to account for all potential con-
founders, which makes it difficult to establish a cause-and-effect
connection between the factors under consideration. Additionally,
sepsis criteria have undergone multiple revisions in the last de-
cades. The current consensus definition (“sepsis-3") focuses on
organ dysfunction as quantified by the Sequential Organ Failure
Assessment to improve sensitivity and specificity compared to the
SIRS criteria [6]. In our study, however, we used the older definition
primarily due to data availability (e.g., missing bilirubin values) in
the retrospective study design. The SIRS criteria may still be useful
for screening, e.g., in the emergency department, and we actually
discriminated patients who had a high mortality risk (> 20%) from
those who had a low risk (< 5%) in our cohort. Also, retrospectively,
it is not possible to determine whether the treated PJI was the
initial cause of sepsis rather than the result of hematogenous
infection in the course of sepsis with different infection origins.
Given these limitations, caution should be exercised when inter-
preting the results of this study. Further prospective studies with
larger patient cohorts are warranted to validate and expand on
these findings.

Outcome of Patients With Periprosthetic Joint Infections of the Knee in the Nonsepsis Versus Sepsis Cohort.

Parameters Nonsepsis Sepsis (n = 28) P Value OR (95% CI)
(n=32)

Mortality, n (%) 1(3.1) 7 (25.0) 0.02 10.3 (1.2 to 90.3)

Duration of hospital stay (days) 29.5 (0 to 130.0) 48.0 (3.0 to 195.0) 0.01 -

ICU n (%) 11 (344) 19 (67.9) 0.02 4.0(14to 11.8)

Duration of ICU stay (days) 0 (0 to 40.0) 4.5 (0 to 54.0) 0.004 -

Total number of surgeries 2.0 (0 to 5.0) 2.5(0to 15.0) 0.02 -

P-value numbers marked in bold indicate significance (P < 0.05).
ICU, intensive care unit; CI, confidence interval; OR, odds ratio.
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Conclusions

This study showed that a high proportion of patients who had
PJI present with sepsis, which is predictive of higher resource uti-
lization in terms of length of stay, ICU admission, and surgical
procedures as well as mortality; the diagnostic work-up and ther-
apeutic strategy should be chosen and hastened accordingly.
Beyond the presence of SIRS criteria, elevated CRP levels and the
presence of multiple comorbidities should serve as major in-
dicators for healthcare providers.

CRediT authorship contribution statement

Susanne Baertl: Writing — original draft, Visualization, Meth-
odology, Formal analysis, Data curation. David Lovasz: Methodol-
ogy, Investigation, Data curation. Martin G. Kees: Writing —
original draft, Supervision, Methodology. Nike Walter: Writing —
review & editing, Methodology, Investigation. Melanie Schindler:
Writing — review & editing, Visualization, Data curation. Jing Li:
Methodology, Investigation. Jan Reinhard: Writing — review &
editing, Visualization, Methodology. Volker Alt: Writing — review
& editing, Project administration, Conceptualization. Markus
Rupp: Writing — original draft, Supervision, Investigation,
Conceptualization.

References

[1] Kurtz S, Ong K, Lau E, Mowat F, Halpern M. Projections of primary and revision
hip and knee arthroplasty in the United States from 2005 to 2030. ] Bone Joint
Surg Am 2007;89:780—5. https://doi.org/10.2106/]BJS.F.00222.

[2] Rupp M, Lau E, Kurtz SM, Alt V. Projections of primary TKA and THA in Ger-
many from 2016 through 2040. Clin Orthop Relat Res 2020;478:1622—33.
https://doi.org/10.1097/CORR.0000000000001214.

[3] Rupp M, Walter N, Lau E, Worlicek M, Kurtz SM, Alt V. Recent trends in

revision knee arthroplasty in Germany. Sci Rep 2021;11:15479. https://

doi.org/10.1038/s41598-021-94988-7.

Kurtz SM, Lau E, Watson H, Schmier JK, Parvizi J. Economic burden of peri-

prosthetic joint infection in the United States. ] Arthroplasty 2012;27:

61—65.e1. https://doi.org/10.1016/j.arth.2012.02.022.

Lamagni T. Epidemiology and burden of prosthetic joint infections.

J Antimicrob Chemother 2014;69(Suppl 1):i5—10. https://doi.org/10.1093/jac/

dku247.

Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, Annane D, Bauer M,

et al. The third international consensus definitions for sepsis and septic shock

(Sepsis-3). JAMA 2016;315:801. https://doi.org/10.1001/jama.2016.0287.

Tande AJ, Patel R. Prosthetic joint infection. Clin Microbiol Rev 2014;27:302.

https://doi.org/10.1128/CMR.00111-13.

Ahlberg CD, Wallam S, Tirba LA, Itumba SN, Gorman L, Galiatsatos P. Linking

Sepsis with chronic arterial hypertension, diabetes mellitus, and socioeco-

nomic factors in the United States: a scoping review. ] Crit Care 2023;77:

154324. https://doi.org/10.1016/j.jcrc.2023.154324.

Umemura Y, Ogura H, Takuma K, Fujishima S, Abe T, Kushimoto S, et al.

Current spectrum of causative pathogens in sepsis: a prospective nationwide

cohort study in Japan. Int J Infect Dis 2021;103:343—51. https://doi.org/

10.1016/j.ijid.2020.11.168.

[10] Liu VX, Fielding-Singh V, Greene ]D, Baker JM, Iwashyna TJ, Bhattacharya ],
et al. The timing of early antibiotics and hospital mortality in sepsis. Am ]
Respir Crit Care Med 2017;196:856—63. https://doi.org/10.1164/rccm.2016
09-18480C.

[4

(5

(6

(7

8

[9

[11] Im Y, Kang D, Ko R-E, Lee Y], Lim SY, Park S, et al. Time-to-antibiotics and
clinical outcomes in patients with sepsis and septic shock: a prospective
nationwide multicenter cohort study. Crit Care 2022;26:19. https://doi.org/
10.1186/s13054-021-03883-0.

[12] LiF, Qiao Y, Zhang H, Cao G, Zhou S. Comparable clinical outcomes of culture-
negative and culture-positive periprosthetic joint infections: a systematic
review and meta-analysis. ] Orthop Surg Res 2023;18:210. https://doi.org/
10.1186/s13018-023-03692-x.

[13] Kunutsor SK, Beswick AD, Whitehouse MR, Wylde V, Blom AW. Debridement,
antibiotics and implant retention for periprosthetic joint infections: a sys-
tematic review and meta-analysis of treatment outcomes. ] Infect 2018;77:
479—88. https://doi.org/10.1016/j.jinf.2018.08.017.

[14] Gomez MM, Tan TL, Manrique ], Deirmengian GK, Parvizi ]. The fate of spacers
in the treatment of periprosthetic joint infection. ] Bone Joint Surg Am
2015;97:1495—502. https://doi.org/10.2106/JBJS.N.00958.

[15] Walter N, Rupp M, Hierl K, Koch M, Kerschbaum M, Worlicek M, et al. Long-
term patient-related quality of life after knee periprosthetic joint infection.
J Clin Med 2021;10:907. https://doi.org/10.3390/jcm10050907.

[16] McNally M, Sousa R, Wouthuyzen-Bakker M, Chen AF, Soriano A, Vogely HC,
et al. The EBJIS definition of periprosthetic joint infection: a practical guide for
clinicians. Bone Joint ] 2021;103-B:18—25. https://doi.org/10.1302/0301-
620X.103B1.B]J-2020-1381.R1.

[17] Bone RC, Balk RA, Cerra FB, Dellinger RP, Fein AM, Knaus WA, et al. Definitions
for sepsis and organ failure and guidelines for the use of innovative therapies
in sepsis. Chest 1992;101:1644—55. https://doi.org/10.1378/chest.101.6.1644.

[18] Tokarski A, Courtney PM, Deirmengian C, Kwan S, McCahon J,
Deirmengian GK. Systemic manifestation of periprosthetic joint infection is
associated with increased in-hospital mortality. Cureus 2023;15:e36572.
https://doi.org/10.7759/cureus.36572.

[19] Ludwick L, Siqueira M, Shohat N, Sherman MB, Streicher S, Parvizi ]. For pa-
tients with acute PJI treated with debridement, antibiotics, and implant
retention, what factors are associated with systemic sepsis and recurrent or
persistent infection in septic patients? Clin Orthop Relat Res 2022;480:
1491-500.

[20] Poll AM, Baecker H, Yilmaz E, Jansen O, Waydhas C, Schildhauer TA, et al. Risk
factors and outcome of patients with periprosthetic joint infection admitted
to intensive care unit. Arch Orthop Trauma Surg 2020;140:1081-5. https://
doi.org/10.1007/s00402-020-03471-x.

[21] Busch S-M, Citak M, Akkaya M, Prange F, Gehrke T, Linke P. Risk factors for
mortality following one-stage septic hip arthroplasty — a case—control study.
Int Orthop 2022;46:507—13. https://doi.org/10.1007/s00264-021-05230-y.

[22] Zmistowski B, Karam JA, Durinka B, Casper DS, Parvizi ]. Periprosthetic joint
infection increases the risk of one-year mortality. ] Bone Joint Surg 2013;95:
2177-84.

[23] Dudareva M, Hotchen A, McNally MA, Hartmann-Boyce ], Scarborough M,
Collins G. Systematic review of risk prediction studies in bone and joint
infection: are modifiable prognostic factors useful in predicting recurrence?
] Bone Joint Infect 2021;6:257—71. https://doi.org/10.5194/jbji-6-257-2021.

[24] Bozic K], Lau E, Kurtz S, Ong K, Berry DJ. Patient-related risk factors for
postoperative mortality and periprosthetic joint infection in medicare pa-
tients undergoing TKA. Clin Orthop Relat Res 2012;470:130—7. https://
doi.org/10.1007/s11999-011-2043-3.

[25] Alamanda VK, Springer BD. Perioperative and modifiable risk factors for
periprosthetic joint infections (PJI) and recommended guidelines. Curr Rev
Musculoskelet Med 2018;11:325—31. https://doi.org/10.1007/s12178-018-
9494-7.

[26] Kuo F-C, Goswami K, Klement MR, Shohat N, Parvizi ]J. Positive blood
cultures decrease the treatment success in acute hematogenous peri-
prosthetic joint infection treated with debridement, antibiotics, and
implant retention. ] Arthroplasty 2019;34:3030—3034.e1. https://doi.org/
10.1016/j.arth.2019.06.053.

[27] Rudd KE, Johnson SC, Agesa KM, Shackelford KA, Tsoi D, Kievlan DR, et al.
Global, regional, and national sepsis incidence and mortality, 1990-2017:
analysis for the Global Burden of Disease Study. Lancet 2020;395:200—11.
https://doi.org/10.1016/S0140-6736(19)32989-7.

[28] Shahi A, Tan TL, Chen AF, Maltenfort MG, Parvizi ]. In-hospital mortality in
patients with periprosthetic joint infection. ] Arthroplasty 2017;32:
948—-952.e1. https://doi.org/10.1016/j.arth.2016.09.027.


https://doi.org/10.2106/JBJS.F.00222
https://doi.org/10.1097/CORR.0000000000001214
https://doi.org/10.1038/s41598-021-94988-7
https://doi.org/10.1038/s41598-021-94988-7
https://doi.org/10.1016/j.arth.2012.02.022
https://doi.org/10.1093/jac/dku247
https://doi.org/10.1093/jac/dku247
https://doi.org/10.1001/jama.2016.0287
https://doi.org/10.1128/CMR.00111-13
https://doi.org/10.1016/j.jcrc.2023.154324
https://doi.org/10.1016/j.ijid.2020.11.168
https://doi.org/10.1016/j.ijid.2020.11.168
https://doi.org/10.1164/rccm.201609-1848OC
https://doi.org/10.1164/rccm.201609-1848OC
https://doi.org/10.1186/s13054-021-03883-0
https://doi.org/10.1186/s13054-021-03883-0
https://doi.org/10.1186/s13018-023-03692-x
https://doi.org/10.1186/s13018-023-03692-x
https://doi.org/10.1016/j.jinf.2018.08.017
https://doi.org/10.2106/JBJS.N.00958
https://doi.org/10.3390/jcm10050907
https://doi.org/10.1302/0301-620X.103B1.BJJ-2020-1381.R1
https://doi.org/10.1302/0301-620X.103B1.BJJ-2020-1381.R1
https://doi.org/10.1378/chest.101.6.1644
https://doi.org/10.7759/cureus.36572
http://refhub.elsevier.com/S0883-5403(24)01280-4/sref19
http://refhub.elsevier.com/S0883-5403(24)01280-4/sref19
http://refhub.elsevier.com/S0883-5403(24)01280-4/sref19
http://refhub.elsevier.com/S0883-5403(24)01280-4/sref19
http://refhub.elsevier.com/S0883-5403(24)01280-4/sref19
http://refhub.elsevier.com/S0883-5403(24)01280-4/sref19
https://doi.org/10.1007/s00402-020-03471-x
https://doi.org/10.1007/s00402-020-03471-x
https://doi.org/10.1007/s00264-021-05230-y
http://refhub.elsevier.com/S0883-5403(24)01280-4/sref22
http://refhub.elsevier.com/S0883-5403(24)01280-4/sref22
http://refhub.elsevier.com/S0883-5403(24)01280-4/sref22
http://refhub.elsevier.com/S0883-5403(24)01280-4/sref22
https://doi.org/10.5194/jbji-6-257-2021
https://doi.org/10.1007/s11999-011-2043-3
https://doi.org/10.1007/s11999-011-2043-3
https://doi.org/10.1007/s12178-018-9494-z
https://doi.org/10.1007/s12178-018-9494-z
https://doi.org/10.1016/j.arth.2019.06.053
https://doi.org/10.1016/j.arth.2019.06.053
https://doi.org/10.1016/S0140-6736(19)32989-7
https://doi.org/10.1016/j.arth.2016.09.027

	Periprosthetic Joint Infection and Concomitant Sepsis: Unveiling Clinical Manifestations, Risk Factors, and Patient Outcomes
	Methods
	Patient Identification
	Patient Characteristics and Outcome Parameters
	Institutional Review Board Statement
	Data Analyses
	Demographic Data

	Results
	Periprosthetic Joint Infection of the hip
	Diagnostic Findings
	Pathogens
	Surgical Procedures
	Risk Factors
	Outcome

	Periprosthetic Joint Infection of the Knee
	Diagnostic Findings
	Pathogens
	Surgical Procedures
	Risk Factors
	Outcome


	Discussion
	Conclusions
	CRediT authorship contribution statement
	References


