
Clin Orthop Relat Res (2022) 480:1491-1500
DOI 10.1097/CORR.0000000000002192

Selected Proceedings from the 2021 Musculoskeletal Infection Society Meeting
Guest Editor: Charalampos G. Zalavras MD, PhD

For Patients 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?

Leanne Ludwick BS1, Marcelo Siqueira MD1, Noam Shohat MD1,2, Matthew B. Sherman BS1,
Sydney Streicher BA1, Javad Parvizi MD, FRCS1

Received: 4 October 2021 / Accepted: 8 March 2022 / Published online: 14 April 2022
Copyright © 2022 by the Association of Bone and Joint Surgeons

Abstract
Background Periprosthetic joint infection (PJI) can lead
to a severe systemic inflammatory response and may result
in systemic sepsis. However, little is known about how
often systemic sepsis may occur in patients with PJI, and

whether sepsis is associated with a greater likelihood of
persistent or recurrent PJI.
Questions/purposes (1) Among patients who present with
acute or acute hematogenous PJI andwhowere treated with
debridement, antibiotics, and implant retention (DAIR),
what proportion have sepsis and what factors are associated
with a presentation with sepsis? (2) For patients presenting
with sepsis, what factors are associated with persistent or
recurrent PJI?
Methods In all, 320 patients who underwent DAIR for the
treatment of acute postoperative or acute hematogenous PJI
between January 2000 and December 2019 were included in
this study. Exclusion criteria were patients with other known
sources of infection, such as pneumonia or urinary tract in-
fections, which could contribute to systemic sepsis (6% [18 of
320]), patients with chronic PJI, and those with less than
6 months of follow-up (21% [66 of 320]). Our final cohort
consisted of 236 patients presenting with an acute post-
operative or acute hematogenous PJI who underwent an ir-
rigation and debridement procedure. Sepsis was defined by
the criteria for systemic inflammatory response syndrome
(SIRS) or bacteria-positive blood culture results. Inclusion of
patients with positive blood culture by organisms that caused
their joint infection was important as all patients presented
with fulminant acute infection of a prosthetic joint. Data, in-
cluding vital signs, surgical variables, and treatment out-
comes, were collected retrospectively through a chart review
of an electronicmedical record system. The statistical analysis
comparing patients with sepsis versus patients without sepsis
consisted of logistic regression to identify factors associated
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with sepsis. After confirming its ability to identify patients
with a higher association with the development of sepsis
through area under the curve models, a nomogram was gen-
erated to standardize our results from the regression, which
was supported by the area under the curve model, to help
readers better identify patients who aremore likely to develop
sepsis.
Results A total of 44% (103 of 236) of patients had infec-
tions that met the criteria for sepsis. After controlling for
confounding variables, including congestive heart failure,
anemia, serumC-reactive protein (CRP), and themale sex, it
was revealed that serum CRP (odds ratio 1.07 [95% confi-
dence interval 1.04 to 1.11]; p < 0.001) and male sex (OR
1.96 [95% CI 1.03 to 3.81]; p = 0.04) were associated with
the development of systemic sepsis. For patients presenting
with sepsis, persistent or recurrent PJI were associated with
an increased CRP level (OR 1.06 [95%CI 1.02 to 1.11]; p =
0.01) and number of prior surgical procedures on the joint
(OR 2.30 [95% CI 1.21 to 4.89]; p = 0.02).
Conclusion Overall, our findings support that patients
with systematic sepsis may benefit from two-stage revision
rather than DAIR to decrease the bioburden more effec-
tively, especially in those with methicillin-resistant
Staphylococcus aureus and polymicrobial infections.
High serum CRP levels and a history of prior surgical
procedures on the involved joint should trigger prompt,
aggressive surgical treatment if the patient’s overall clinical
status can tolerate such an intervention.
Level of Evidence Level III, therapeutic study.

Introduction

Periprosthetic joint infection (PJI) is a devastating complica-
tion of THA and TKA with an acute presentation consisting
of a rapid-onset of local and systemic symptoms [9, 31, 35].
Debridement, antibiotics, and implant retention (DAIR) is the
current preferred treatment for acute PJI with varying success,
and PJI continues to have relatively high 5-year mortality
rates, at approximately 21% [4, 8, 18, 20, 28, 32, 33]. It has
been reported that 4% to 32%of patientswith PJI present with
positive blood culture [5, 12, 13, 26], and these patients have
been associated with decreased treatment success [12-14].
Furthermore, patients presenting with bacteremia also dem-
onstrate elevated serum C-reactive protein (CRP) levels and
white blood cell count [12]. Sepsis occurs as a result of a
dysregulated host response to an infection and is associated
with acute organ dysfunction and a high risk of death [3].
Mortality rates in patients with systemic sepsis have been
declining substantially over the past decade but continue to be
high, at approximately 20% to 30% [10].

There is a paucity of data regarding the systemic reper-
cussions of PJI focusing on the incidence of sepsis in pa-
tients presenting with acute postoperative or acute

hematogenous PJI and whether this affects treatment
outcomes. Appropriately controlling the source while min-
imizing surgical morbidity is paramount for improved out-
comes [3] and requires amultidisciplinary team that includes
orthopaedic surgeons, infectious disease specialists, and
critical care specialists. Given the elevated mortality and
morbidity associated with sepsis, identifying patients with
acute PJI who are at increased risk of developing sepsis may
justify early and aggressive treatment in an attempt to avoid
the progression to sepsis. Furthermore, identifying factors
associated with persistent or recurrent infection after DAIR
would aid surgeons in determining when an explant and
placement of antibiotic spacer would be a more suitable
surgical strategy for patients presenting with sepsis.

Therefore, we asked: (1) Among patients who present
with acute or acute hematogenous PJI andwhowere treated
with DAIR, what proportion have sepsis and what factors
are associated with a presentation with sepsis? (2) For
patients presenting with sepsis, what factors are associated
with persistent or recurrent PJI?

Patients and Methods

Study Design and Setting

We conducted a single-institution, retrospective compara-
tive study at a primary urban care center. The DAIR pro-
cedures were completed by fellowship-trained adult
reconstruction surgeons in a tertiary academic institution.

Participants

Patients who underwent DAIR for the treatment of acute
postoperative or acute hematogenous PJI were eligible; we
defined acute PJI according to the International Consensus
Meeting criteria [22, 27]. We searched an institutional PJI
database to identify patients who underwent DAIR for acute
PJI between January 2000 and December 2019. In all, 320
patients were identified within this period. Acute post-
operative infectionswere defined as infectionswithin 6weeks
from the index THA or TKA, whereas acute hematogenous
infections were defined as infectionswith less than 6weeks of
symptoms occurring more than 3 months after the index
arthroplasty [22].DAIR is typically indicated for patientswith
acute PJI who do not require more intensive surgical in-
tervention, such as a two-stage revision arthroplasty. Most
patients presentingwith acute PJI had been treatedwithDAIR
during our study’s timeframe.We followed Strengthening the
Reporting of Observational Studies in Epidemiology
(STROBE) reporting guidelines throughout data collection
[6]. Exclusion criteria were patients with other known sources
of infection, such as pneumonia or urinary tract infections,
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that could contribute to systemic sepsis (6% [18 of 320]),
patients with chronic PJI, and thosewith less than 6months of
follow-up (21% [66 of 320]). This left 74% (236 of 320) for
our final analysis of patients who presented with an acute
postoperative or acute hematogenous PJI who underwent
DAIR (Fig. 1). Patients with less than 6 months of follow-up
were most likely lost to follow-up.

Sepsis is no longer defined solely as an inflammatory
disorder triggered by an infection, but rather as organ dys-
function resulting from a dysregulated host response to in-
fection [29]. In this study, sepsis was defined per Levy et al.
[15] and involved a documented source of infection in
addition to the presence of systemic inflammatory response
syndrome. Systemic inflammatory response syndrome was
defined as the presence of at least two of the following clinical
criteria: core temperature above 38.3° C or below 36° C, heart
rate above 90 beats per minute, tachypnea, and serum white
blood cell count above 12,000 m/L or below 4000 m/L.

Patients’ Descriptive Data

Among patients presenting with systemic sepsis, 38% (39
of 103) were female with a mean age of 65 6 12.3 years,
mean BMI of 33.1 6 7.9 kg/m2, and a median (range)
follow-up of 29 months (6 to 188). For patients without

systemic sepsis, 52% (69 of 133) were female, with a mean
age of 66 6 12.7 years, mean BMI of 32.4 6 7.6 kg/m2,
and a median follow-up of 25 months (6 to 183).

Data Sources

We reviewed emergency department admission records, in-
patient records, operative reports, and laboratory data for
every patient from an electronic medical record system as
well as clinical notes from patient charts. We collected de-
mographic and clinical variables, including sex, age, BMI,
Charlson comorbidity index (CCI), Elixhauser comorbidity
index, American Society of Anesthesiologists classification,
and microbiology data on blood, synovial fluid, and intra-
operative tissue cultures. Vital signs and laboratory data were
also obtained from the first presentation to the hospital. Also,
we documented information regarding the DAIR procedure,
such as laterality and joint that was operated on (hip or knee).
Lastly, we examined patient clinical outcomes, and we used
theMusculoskeletal Infection Society definition of success to
determine treatment success [7]. Specifically, this was de-
fined as no recurrent or persistent infections and no reopera-
tion. These clinical outcomes specifically focused on
reoperations and mortality.

Fig. 1. This flowchart depicts eligible patients with acute PJI treated with DAIR.
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Bias

Several biases may apply to this study. First, the risk of se-
lection bias is present given that only patients who received
DAIR for an acute or acute hematogenous PJI were included.
The decision between performing a DAIR versus a two-stage
revision relies not only on the acuity of symptoms but also on
baseline patient characteristics and infecting pathogen.
Healthier patients with more virulent pathogens may have
received a two-stage revision in lieu of DAIR and therefore
were not included in the present study. Transfer biasmayhave
also been present as our minimum follow-up threshold was
set at 6 months. Although most recurrent or persistent PJIs
after DAIR for an acute PJI occur in the early postoperative
period, patients who developed recurrent infection outside of
the 6 months window may not have been captured in this
study. The studywas also at risk for assessment bias. Relevant
covariates that may have influenced the development of
sepsis may not have been included in our data collection
efforts or not present in the medical records. However, given
the extensive clinical experience in treating PJI in our in-
stitution in addition to the thoroughness of the electronic
medical records, we believe this risk is relatively low. Lastly,
we attempted to control confounding biases by excluding
patients with other potential sources of infection, such as
pneumonia, which may have contributed to the development
of sepsis.

Study Size

The study size was based off of a prospectively-generated
PJI database that includes patients from 2000 to 2019. The
database provides specific information concerning each
patient’s case, allowing us to identify patients with acute
and acute hematogenous PJI who were treated with DAIR.

Primary and Secondary Study Outcomes

Our primary goal was to identify factors associated with the
development of sepsis in patients who presented to the
hospital with acute or acute hematogenous PJI and were
treated with DAIR. To achieve this, we conducted multi-
variable analysis, whose utility was supported by area
under the curve models. Then, we generated a nomogram
to standardize our results from the regression in a calculator
to help readers better understand the risk of developing an
acute infection.

Our secondary goal was to identify factors associated with
persistent or recurrent PJI after treatment of acute or acute
hematogenous PJI with DAIR. To achieve this, we
conducted a multivariable analysis to identify the associated
factors.

Ethical Approval

Ethical approval for this study was obtained from Thomas
Jefferson University, Philadelphia, PA, USA (number
08R.207).

Statistical Analysis

For reporting demographic and clinical variables, we used
descriptive statistics. For the univariable analysis, when data
were normally distributed, we use the t-test; otherwise, we
used a nonparametric Mann-Whitney test. For categorical
variables, we used either the Fisher exact test or a chi-square
test. Data are reported as the mean and SD for continuous
variables and percentage of the total count for categorical
variables. Because 39 comparisons were conducted in the
univariable analysis, the alpha value was adjusted to be
0.05/39 for a new value of 0.001 to account for the family-
wise error rate. A multivariable logistic regression analysis
was performed to determine factors associated with the de-
velopment of sepsis in a patient with acute PJI. Variables
included in the regression analysis were those that were
clinically relevant and demonstrated statistically significant
differences in the univariable analysis. An area under the
curve model (AUC) was developed to demonstrate the utility
of the regression model. We determined that AUC values
over 0.7 were a good model for use. Subsequently, we
created a nomogram based on the odds ratios calculations
from the logistic regression with a scoring system that
assigned probability values of sepsis. This tool was made to
standardize our results from the regression, which was sup-
ported by the area under the curve model, in a calculator to
help readers better identify patients who are more likely to
develop sepsis. A subgroup regression analysis including
only patients with sepsis was performed to compare patients
who had a persistent or recurrent infection after treatmentwith
those who did not per the Musculoskeletal Infection Society
infection management criteria [7]. We performed another
multivariable logistic regression analysis to determine factors
associated with persistent or recurrent infections in patients
with PJI-related sepsis. Significance was determined at a p
value < 0.05. All statistical analyses were performed using R
Studio (Version 3.6.3).

Results

Proportion of Patients With Sepsis and Factors Associated
With Sepsis Presentation

Among patients with acute PJI, 44% (103 of 236) had
evidence of systemic sepsis on hospital presentation. The
important factors associated with sepsis presentation were
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elevated serum CRP values and male sex. After controlling
for potential confounding variables, such as acute versus
acute hematogenous infection, serum CRP, male gender,
anemia, and congestive heart failure, we found serum CRP
(OR 1.07 [95% confidence interval 1.04 to 1.11]; p <
0.001) and male sex (OR 1.96 [95% CI 1.03 to 3.81]; p =
0.04) were associated with sepsis (Table 1). We used a lo-
gistic regression model to analyze factors associated with
sepsis in patients presenting with acute PJI (AUC 0.76)
(Supplementary Fig. 1; http://links.lww.com/CORR/A773).
We constructed a nomogram with scoring points for each of
the above variables and a corresponding percentage risk of
developing sepsis based on the sum of all points (Fig. 2). The
sepsis score ranges from 0 to 160 points. For example, a
patient who has congestive heart failure receives a
corresponding score of 16. All variables were added to
generate a cumulative sepsis score. This total score is then
used to identify the probability of a patient developing sepsis.
The sepsis score produced by the nomogram identified
patients with a high likelihood of developing sepsis in this
study sample (OR 1.03 [95% CI 1.02 to 1.05]; p < 0.001)
(Supplementary Table 1; http://links.lww.com/CORR/A774).
For example, based on our nomogram, a patient presenting

with an acute PJI and treated with DAIR, who has a score of
81, has a 60% chance of developing sepsis (Supplementary
Fig. 2; http://links.lww.com/CORR/A775). The AUC model
for the sepsis score demonstrated an AUC value of 0.75 [95%
CI of 0.69 to 0.81], sensitivity of 0.60, and specificity of 0.78.

Factors Associated With Persistent or Recurrent PJI
After Treatment

After controlling for confounding variables, serum CRP (OR
1.06 [95%CI 1.02 to 1.11]; p = 0.009) and the total number of
prior surgical procedures on the joint (OR2.30 [95%CI 1.21 to
4.89]; p = 0.02) were found to be associated with a greater
likelihood of experiencing persistent or recurrent PJI in patients
with PJI-related systemic sepsis (Table 2). Additionally, fol-
lowing the Musculoskeletal Infection Society criteria for suc-
cessful infectionmanagement, patients with sepsis had a lower
likelihood of having no recurrent PJI, at 51% (53 of 103),
comparedwith patients without sepsis, at 67% (89 of 133) (p =
0.02) (Table 3). Age, CCI scores, serum CRP level, and total
number of prior operations on the joint had an AUC of 0.75 in
the ability to identify patients with factors associated with
sepsis in this group (Supplementary Fig. 3; http://links.lww.
com/CORR/A776).

Infecting Organisms and Their Association With the
Development of Sepsis

Intraoperative tissue cultures revealed that methicillin-
susceptible Staphylococcus aureus (MSSA) was the most
common pathogen causing acute PJI (Fig. 3). In patients
with sepsis,MSSAwas the infecting organism in 41% (42 of
103) of patients, and in those without sepsis, MSSA was
responsible in 28% (37 of 133) (Table 4). MSSA demon-
strated an increased proportion of persistent or recurrent

Table 1. Logistic regressionmodel analyzing factors associated
with the development of sepsis in patients presenting with
acute PJI

Predictor OR (95% CI) p value

Acute hematogenous infection 1.77 (0.84-3.75) 0.14

Serum CRP 1.07 (1.04-1.11) < 0.001

Male sex 1.96 (1.03-3.81) 0.04

Sinus tract 0.62 (0.25-1.45) 0.28

Congestive heart failure 1.73 (0.48-6.62) 0.41

Anemia 1.77 (0.77-4.10) 0.18

CRP = C-reactive protein.

Fig. 2. This nomogram depicts the scoring points for each of the variables included in the logistic regression model determining
the ultimate risk of sepsis based on the sum of all points; CRP = C-reactive protein; LOS = length of stay.
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infections in patients with systemic sepsis compared with
those without systemic sepsis (p = 0.04). Methicillin-
resistant Staphylococcus aureus (MRSA) and polymicrobial
infections had the highest proportions of persistent or re-
current infections in the septic cohort. For the nonseptic
cohort, coagulase-negative Staphylococcus and S.

epidermidis had the highest proportion of persistent or re-
current infection, although the number of patients for these
two pathogens were low (12 cases of coagulase-negative S.
aureus and five patients of S. epidermidis). There were no
enterococcal, S. epidermidis, or culture-negative PJIs in
patients with sepsis. Forty-six patients had positive blood
culture results, and all these infections met the criteria for
sepsis. However, multivariable analysis did not findMSSA,
MRSA, streptococcus, or polymicrobial infections to be
associated with the development of sepsis (Table 5).

Discussion

Although studies have shown poor treatment outcomes with
DAIR in patients presentingwith positive blood culture results
[12, 14] and patientswith acute hematogenous PJI [13, 28], no
previous studies that we know of have specifically reported on
patients presentingwith PJI-related systemic sepsis.Due to the
lack of data regarding the proportion of patients presenting
with sepsis as well as factors associated with sepsis, our study
looked to answer these questions in a cohort of patients with
acute PJI treated with DAIR procedures. Our findings high-
light the potential need for more aggressive treatment, such
as a two-stage revision, in patients presenting with systemic
sepsis and factors associated with recurrent infection.

Limitations

This study has several limitations. The retrospective study
design has constraints regarding the reliability of medical
documentation and coding. To capture only acute PJIs, we
included only patients treated with DAIR. It is possible that
among patients treated initially with two-stage revision
surgery, we missed some acute PJIs. However, by limiting
our cohort to patients who underwent DAIR,wewere able to
analyze patients with similar clinical presentations rather
than include patients with more severe infections.
Conversely, the definition used for acute PJI was 6 weeks
from the index surgery or 6 weeks of symptoms, which may
have erroneously captured some patients with chronic PJI
because of patient recall bias. Furthermore, selection bias
may have occurred as patients treated with DAIR may have
been the selectively sicker patients who would not
withstand a two-stage revision. Additionally, healthier pa-
tients with more virulent pathogens who were treated with a
two-stage revision were not included in our data. However,
we believe that by including patients with acute infections or
acute hematogenous infections with no other sort of identi-
fiable cause of infection who underwent DAIR, we were
able to generate a cohort that could provide us with cohesive
data and analysis on sepsis in patients with acute PJI. The
presentation of acute hematogenous infections in previously

Table 2. Logistic regression model analyzing risk factors for
patients with PJI-related sepsis to fail treatment according to
the Musculoskeletal Infection Society infection management
criteria

Predictor OR (95% CI) p value

Age 1.02 (0.98-1.06) 0.37

CCI 1.27 (0.97-1.74) 0.10

Serum CRP 1.06 (1.02-1.11) 0.009

Number of prior
procedures performed
on the joint

2.30 (1.21-4.89) 0.02

CCI = Charlson comorbidity index; CRP = C-reactive protein.

Table 3. Musculoskeletal Infection Society Periprosthetic Joint
Infection Treatment Outcome Reporting Table for patients
with sepsis and those without [21]

Outcome
Without sepsis

(n = 133)
With sepsis
(n = 103)

Infection control 67 (89) 51 (53)

Tiers 1 and 2 60 (80) 50 (51)

Tier 3A 3 (4) 2 (2)

Tier 4B 4 (5) 0

Infection not controlled 33 (44) 49 (50)

Tier 3B 7 (9) 0

Tier 3C 2 (3) 3 (3)

Tier 3D 18 (24) 33 (34)

Tier 3E 4 (5) 7 (7)

Tier 3F 2 (2) 1 (1)

Tier 4A 1 (1) 5 (5)

Data presented as % (n); Tier 1: infection control with no
continued antibiotic therapy; Tier 2: infection control with the
patient on suppressive antibiotic therapy; Tier 3: need for
reoperation; 3A: aseptic revision at > 1 year from the initiation of
PJI treatment; 3B: septic revision at > 1 year from the initiation of
PJI treatment (excluding amputation, resection arthroplasty, and
arthrodesis); 3C: aseptic revision at# 1 year from the initiation of
PJI treatment; 3D: septic revision (includingDAIR) at# 1 year from
the initiation of PJI treatment (excluding amputation,
resection arthroplasty, and arthrodesis); 3E: amputation,
resection arthroplasty, or arthrodesis; 3F: retained spacer; Tier 4:
death; A: death# 1 year from the initiation of PJI treatment; B:
death > 1 year from the initiation of PJI treatment; Tiers 1, 2, 3A,
and 4B represent successful treatment of PJI.
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well-functioning prosthetic joints has shown to be similar to
those with acute infections and as a result, they were analyzed
together. Additionally, our minimum required follow-up was
relatively short at 6 months. We believe, however, that in a
study analyzing patients with acute infections treated with
DAIR, this follow-up is sufficient to identifymost recurrent or
persistent infections and provide valuable data to the existing
evidence. Not only is this a common bias to all similar studies
published in the literature, but it is also a necessary measure
given the low number of patients available for study in this
very particular patient population. Although a multivariable
analysis was used to identify factors associated with sepsis
and recurrent infections after treatment, additional con-
founding variables such as variations in operative technique
and antibiotic therapy were not considered. However, we
believe that the core findings of the paper, such as the strong
association of serum CRP levels with sepsis and recurrent
infection, are unlikely to be influenced by incorporating

additional variables. Lastly, the definitions used to categorize
sepsis are constantly debated as the understanding of sepsis
evolves [3]. For this study, with the data that were available,
we elected to use the definition by Levy et al. [15], whichmay
not represent the most updated clinical criteria.

Proportion of Patients With Sepsis and Factors Associated
With Sepsis Presentation

Among patients presenting with acute postoperative or acute
hematogenous PJI, nearly half had systemic sepsis. These pa-
tientsweremore likely tohave apersistent or recurrent infection
than patients without sepsis. Kuo et al. [13] reported on patients
presentingwith acute hematogenousPJI treatedwithDAIRand
found similar results. These data are consistent with those in the
present study, in which patients with systemic sepsis demon-
strated higher proportions of recurrent or persistent infection

Table 4. Microorganisms isolated in intraoperative tissue cultures in patients who do and do not meet sepsis criteria and the
corresponding treatment success rate

Septic Nonseptic

Microorganism Number of cases Treatment success Numbers of cases Treatment success

MSSA 41 (42) 55 (23 of 42) 28 (37) 73 (27 of 37)

MRSA 16 (16) 38 (6 of 16) 14 (18) 67 (12 of 18)

Streptococcus 15 (15) 67 (10 of 15) 9 (12) 75 (9 of 12)

Polymicrobial 16 (16) 38 (6 of 16) 23 (30) 73 (22 of 30)

Coagulase-negative Staphylococcus 6 (6) 67 (4 of 6) 9 (12) 42 (5 of 12)

S. lugdunensis 3 (3) 67 (2 of 3) 0 (0) a

Gram-negative 5 (5) 40 (2 of 5) 9 (12) 58 (7 of 12)

Enterococcus 0 (0) a 3 (4) 50 (2 of 4)

S. epidermidis 0 (0) a 5 (4) 40 (2 of 5)

Culture negative 0 (0) a 3 (2) 100 (3 of 3)

Data presented as % (n).
aSuccess rates could not be calculated for organisms with 0 cases.

Table 5. Multivariant regression analysis looking at specific organisms isolated in culture with sepsis as the dependent outcome

Variable Estimate OR (95% CI) p value

Acute infection 0.74 2.10 (0.88-5.14) 0.01

Serum CRP 0.06 1.07 (1.03-1.10) < 0.001

Male sex 0.41 1.51 (0.70-3.32) 0.30

Sinus tract -0.53 0.59 (0.19-1.63) 0.32

Congestive heart failure 0.42 1.53 (0.41-6.07) 0.53

Anemia 0.60 1.81 (0.72-4.69) 0.21

Organism

MRSA Reference

MSSA -0.001 0.99 (0.35-2.80) 0.10

Polymicrobial -0.13 0.88 (0.29-2.70) 0.82

Streptococcus -0.03 0.97 (0.26-3.51) 0.96

CRP = C-reactive protein.
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after DAIR than did patients without sepsis. Although more
aggressive initial treatment may be warranted for patients pre-
senting with PJI-related systemic sepsis, given the high pro-
portion of reinfection with DAIR, these patients often cannot
physiologically withstand longer and more complex surgeries
involving explantation and the placement of antibiotic spacers.
In this scenario, a multidisciplinary approach involving critical
care and anesthesiology teams is important to calculate the
patient’s risk and to identify the treatment course that is most
likely to reduce postoperative complications and reinfection.

Among patients presenting with acute PJI, elevated serum
CRP levels and male sex were the only factors associated with
the development of systemic sepsis. Klement et al. [11] de-
termined serumCRPwas associatedwith positive blood culture
results. Additionally, althoughmale sex has not been associated
with treatment failure after DAIR, several studies have linked
male sex with an increased PJI risk [11, 15, 21]. Males have
also been reported to have a higher reported incidence of sepsis
than females [1, 25]. Additionally, we constructed a nomogram
that is useful to guide clinicians in determining appropriate
treatment strategies based on the patient’s risk. The nomogram
can identify patients using the scoring system who are not yet
septic but present with a high probability of PJI-related sepsis.
Due to their increased sepsis risk, these patients may benefit
from earlier,more aggressive surgical treatment to avoid further
clinical deterioration. Delaying surgical intervention in high-
risk patients may allow sepsis development, which would not
only decrease their chances of treatment success, but also limit
surgical options given their increased clinical fragility.

Factors Associated With Persistent or Recurrent PJI
After Treatment

Importantly, acute PJIs were more likely to present with a
reinfection after treatment in patients with systemic sepsis

than in those without, regardless of the infecting organism
(except for coagulase-negative S. aureus). One possible rea-
son for this is that patients with sepsis are unable to handle the
bioburden associated with PJI. AlthoughMSSAwas the only
pathogen to have an association with reinfection, the lower
number of infections caused by the other pathogensmay have
been underpowered to detect a difference in reinfection be-
tween patients with sepsis and those without. Future studies
maywant to generate a larger patient cohort to conduct amore
comprehensive analysis to determine the infecting organisms
that may be more likely to cause reinfection in patients pre-
senting with sepsis associated with PJI.

In our study, MRSA and polymicrobial infections
showed the highest risk of persistent or recurrent infection
among patients with sepsis. Several studies have demon-
strated an increased failure risk with DAIR in patients with
MRSA [4, 17, 24] as a result of its range of virulence
factors; these studies favor a two-stage approach in these
patients. Polymicrobial infections are also associated with
an increased likelihood of treatment failure after DAIR [28,
33]. Because polymicrobial PJIs are more common in pa-
tients with rheumatoid arthritis [23], those with a higher
comorbidity index [34], those older than 65 years, and
those with persistent wound drainage [19], host risk factors
may have a substantial influence on these infections. These
are important factors to consider in our patient cohort,
which demonstrated that several factors are associated with
persistent or recurrent infections. As a result, our findings
support the thinking that patients with systematic sepsis
may benefit from two-stage revision rather than DAIR to
decrease the bioburden more effectively, especially in
those with MRSA and polymicrobial infections. Further
studies should evaluate the role infecting organisms play in
the development of systematic sepsis.

Higher serum CRP levels and an increasing number of
previous operations on the affected joint were associated

Fig. 3. This graph represents infecting pathogens in patients with sepsis (red) and those without (blue), stratified by treatment
success (bottom portion of the columns) and failure (top portion of the columns). A color image accompanies the online version of
this article.
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with treatment failure with DAIR in patients with sepsis.
Serum CRP appears to be important for evaluating acute
PJI cases with potential sepsis. An increasing number of
previous procedures in the affected joint is associated not
only with treatment failure [6], but also with an increased
PJI risk [2, 30]. To avoid persistent or recurrent PJI and its
associated pain and loss of function, high serumCRP levels
and a history of prior surgical procedures on the involved
joint should trigger prompt, aggressive surgical treatment if
the patient’s overall clinical status can tolerate such an
intervention.

Conclusion

Systemic sepsis is a severe PJI complication that occurs in
more than 40% of patients presenting with acute hema-
togenous or postoperative PJI. These patients are associ-
ated with a higher proportion of persistent or recurrent
infections after DAIR than patients with acute PJI without
sepsis. Our clinically based nomogram can be used to
calculate the sepsis risk in patients with acute PJI and as a
guide for clinicians as they determine treatment strategies
for these patients. Overall, our findings support that pa-
tients with systematic sepsis may benefit from two-stage
revision rather than DAIR to decrease the bioburden more
effectively, especially in those with MRSA and poly-
microbial infections. Additionally, high serum CRP levels
and a history of prior surgical procedures on the involved
joint should trigger prompt, aggressive surgical treatment if
the patient’s overall clinical status can tolerate such an
intervention.
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