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Abstract

Background
Fibrinogen (FIB) has been used to differentiate periprosthetic joint infection (PJI) from aseptic loosening.
The purpose of this study was to evaluate the diagnostic value of FIB in predicting postoperative
reinfection in patients with debridement, antibiotics and implant retention (DAIR).

Methods
We retrospectively analyzed the patients who were admitted to DAIR from January 2013 to August 2019
for consideration of PJI readmission. Subgroups were divided into subgroups based on whether there
was reinfection after DAIR treatment, and the diagnostic value of serum �brinogen, erythrocyte
sedimentation rate (ESR) and C-reactive protein (CRP) before DAIR treatment was analyzed by receiver
operating Characteristic curve (ROC). To evaluate the diagnostic value of FIB in predicting postoperative
reinfection in DAIR patients.

Results
FIB expression was different in acute PJI patients and chronic PJI patients treated with DAIR (4.03 VS
3.08; P < .05, 4.28 VS 3.68; P < .05). In patients with acute PJI treated with DAIR, the sensitivity and
speci�city of FIB were 81.82% and 83.33%, respectively, signi�cantly higher than CRP (sensitivity, 72.73%;
Speci�city, 50%; P < .05), while the speci�city was higher than ESR (speci�city,41.67%; P < .05). In patients
with chronic PJI treated with DAIR, the sensitivity and speci�city of FIB were 80.00% and 66.66%,
respectively, signi�cantly higher than CRP (sensitivity, 53.33%; Speci�city, 66.66%; P < .05), ESR
(sensitivity was 66.00%; Speci�city, 16.66 %; P < .05).

Conclusion
FIB can predict reinfection after DAIR treatment for acute or chronic PJI. Considering the low success rate
of DAIR treatment for chronic PJI, it should be chosen carefully.

Introduction
Periprosthetic joint infection (PJI) is a serious complication during total joint replacement and a major
cause of failure after primary replacement [1]. According to the MSIS recommended criteria [2], acute
infections are de�ned as those that occur within 90 days of the primary replacement, and chronic
infections as those that occur more than 90 days after the primary replacement. Treatment options for
PJI include DAIR, 1-stage revision, and 2-stage revision, joint fusion, and amputation [3–7]. The success
rate of DAIR treatment after PJI diagnosis was 20–80%, and it was related to the patients' obesity,
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comorbidities, operative time, perioperative period, microbial culture, and sensitivity to antibiotics [8–10].
For PJI patients, infection-free retention of implants after DAIR treatment is ideal. The international
Consensus recommended DAIR for the treatment of acute PJI [11]. However, it has been reported that
DAIR therapy for chronic PJI has achieved some success [12]. Infection after joint replacement is a
challenge for orthopedic surgeons. The primary diagnosis depends on the patient's symptoms, imaging
and laboratory examination, while the early evaluation of infection is usually performed by ESR, CRP and
white blood cell (WBC) in the past. The above in�ammatory markers have been widely used in the
evaluation of infection after joint replacement [13–15]. However, the diagnosis of acute and chronic PJI is
complex, CRP elevation in the acute phase can be affected by surgery, and MSIS does not recommend
ESR for diagnosis in the acute phase [2]. Due to the formation of bio�lms in chronic stage, it may be
inaccurate to use ESR and CRP to evaluate infection alone [16]. Therefore, the assessment of acute and
chronic PJI reinfection in DAIR after treatment may need new indicators, a prospective study of 2020 [17],
CRP and �brinogen as a diagnostic marker of infection, in terms of area under the curve (AUC), accuracy,
sensitivity and speci�city of the best, but combines several biomarkers to improve the accuracy of the
diagnosis is not possible. A recent report [18] showed that plasma �brinogen had the highest AUC
(0.852), while D-dimer (a �brin degradation product formed as an outcome of �brin clot dissolution via
plasmin) (0.657) and WBC (0.590) compared with the two classic markers, CRP and ESR (0.810 and
0.808, respectively). Moreover, FIB is more valuable in terms of sensitivity, speci�city, positive predictive
value (PPV) and negative predictive value (NPV). In a previous retrospective study, we concluded that FIB
can be used to identify aseptic loosening and chronic PJI, and that reinfection can be assessed after
chronic PJI treatment with Spacer [19]. These studies suggest that FIB can be a good indicator of
infection. However, whether �brinogen, as an acute phase protein, can predict the incidence of reinfection
after DAIR treatment in PJI patients has been relatively rarely reported. Therefore, the purpose of this
study was to evaluate the diagnostic value of FIB in diagnosing reinfection in PJI patients after DAIR
treatment.

Materials And Methods
This retrospective study was approved by the research Ethics Committee of our hospital. We conducted a
retrospective study of 44 patients who were admitted to our hospital for DAIR treatment after PJI
readmission due to total hip or total knee arthroplasty from January 2013 to August 2019. Inclusion
criteria included: (1). Patients older than 18 years with PJI after primary total joint replacement and
receiving DAIR therapy. (2). Acute PJI and chronic PJI were de�ned by the MSIS standard [2]. Acute was
de�ned as infection occurring within 90 days after the primary replacement, while chronic was de�ned as
infection occurring more than 90 days after the primary replacement. (3). Preoperative FIB, ESR and CRP
values, as well as complete follow-up data. Exclusion criteria included: (1). A prior history of debridement
or revision surgery on diseased joints. (2). Patients with a history of venous thromboembolism (VTE),
antibiotic use two weeks before admission, anticoagulant use prior to admission, autoimmune disease,
malignancy, liver disease, and data loss were excluded. The following cases are considered to be
reinfected after DAIR treatment: (1). Any reoperation is required after surgery. (2). Long-term use of
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inhibitory antibiotics. (3). Recurrent infections are caused by strains of the same organism. (4). PJI
related deaths. Finally, 44 patients were included, including acute PJI patients group (23 cases, group A)
and chronic PJI patients group (21 cases, group B). They were divided into two subgroups, no infection
and reinfection, according to whether reinfection occurred after DAIR treatment. Age, sex, body mass
index and diseased joints were recorded. The demographic data of patients are shown in Table 1. The
medical records of these patients, including gender, age, body mass index, comorbidities, diseased joints,
diagnosis, surgical treatment, laboratory tests and follow-up records, were carefully recorded and
reviewed. All patients were followed for at least 1 year.

Table 1
A cohort study of patients with acute PJI treated with DAIR.

Characteristic Reinfection

Yes (n = 11) No (n = 12)

P Value

Age (y) 63.18 ± 8.62 63.75 ± 11.89 .898

Gender   .912

Male 2 (18.2%) 3 (25.0%)  

Female 9 (81.8%) 9 (75.0%)  

BMI (kg/m2) 25.32 ± 4.88 26.61 ± 4.06 .499

Involved joint   .296

Knee 6 (54.5%) 10 (83.3%)  

Hip 5 (45.5%) 2 (16.7%)  

PJI, periprosthetic joint infection; DAIR, debridement, antibiotics, and implant retention; BMI, body
mass index; SD, standard deviation.

All quantitative data are expressed as mean ± SD.

Statistical analysis
The AUC of FIB, CRP and ESR were calculated before [19], and the PASS software (version 15) was used
to set the Power value as 0.9 to calculate the sample size required for this study, which was in line with
the diagnostic e�cacy. Continuous variables were expressed as mean and standard deviation, and
baseline parameter data were analyzed by t-test. Frequency and composition ratio were determined by
qualitative data, and chi-square test was used for classi�ed data statistics. The rank sum test is used
when the homogeneity of variance of continuous variables is not equal. The results after DAIR treatment
were divided into reinfection and non-infection. The diagnostic value of each serological marker test
before DAIR treatment was evaluated by the ROC curve. AUC value is interpreted as outstanding (0.90-
1.00), good (0.80–0.89), general (0.70–0.79), difference (0.60–0.69) or unquali�ed (0.50–0.59). All
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statistical analyses were performed using IBM SPSS statistical software (Version 25). MedCalc statistical
software (version 19) was used to analyze the ROC curve. Statistical signi�cance was de�ned as P < 0.05.

Results
Sample characteristics

A total of 44 patients were included in this study. The success rate after DAIR treatment in acute PJI
group (Group A) was 52.17% (12/23), and that after DAIR treatment in chronic PJI group (group B) was
28.57% (6/21). The demographic characteristics are shown in Table 1 and Table 2. There are no
signi�cant differences in age, sex, body mass index and diseased joints between group A and group B (P 
> .05; Table 1, Table 2).

Table 2
A cohort study of patients with chronic PJI treated with DAIR.

Characteristic Reinfection

Yes (n = 15) No (n = 6)

P Value

Age (y) 64.27 ± 9.19 64.50 ± 3.51 .934

Gender   .944

Male 9 (18.2%) 3 50.0%)  

Female 6 (81.8%) 3 (50.0%)  

BMI (kg/m2) 24.85 ± 3.33 25.34 ± 2.39 .749

Involved joint   .831

Knee 9 (54.5%) 4(66.7%)  

Hip 6 (45.5%) 2(33.3%)  

PJI, periprosthetic joint infection; DAIR, debridement, antibiotics, and implant retention; BMI, body
mass index; SD, standard deviation.

All quantitative data are expressed as mean ± SD.

Comparisons of biomarkers in each group

In the acute PJI group (group A) patients treated with DAIR, there was no signi�cant difference in ESR and
CRP (ESR 42.00 (38.00–65.00) VS 39.00 (20.25–49.50) mm/h) (P > .05; Table 3), (CRP 48.60 (27.54–
88.50) VS 61.44 (38.93-103.12) mg/L) (P > .05; Table 3), FIB showed statistically signi�cant differences
among patients treated with DAIR in acute PJI group (Group A) (4.03 (3.45–4.61) VS 3.08 (2.92–3.32)
g/L) (P < .05; Table 3).
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Table 3
Biomarker levels before DAIR therapy in patients with acute PJI.

Biomarkers Reinfection

Yes(n = 11) No(n = 12)

P Value

ESR (mm/h) 42.00 (38.00–65.00) 39.00 (20.25–49.50) .288

CRP (mg/L) 48.60 (27.54–88.50) 61.44 (38.93-103.12) .651

FIB (g/L) 4.03 (3.45–4.61) 3.08 (2.92–3.32) < .05

PJI, periprosthetic joint infection; DAIR, debridement, antibiotics, and implant retention; ESR,
erythrocyte sedimentation rate; CRP, C-reactive protein; FIB, �brinogen.

The data are expressed as median (interquartile range).

In the chronic PJI group (group B) treated with DAIR, there was no signi�cant difference in ESR and CRP
(ESR 34.00 (17.00–68.00) VS 35.50 (20.00-72.50) mm/h) (P > .05; Table 4), (CRP 23.26 (5.62–33.98) VS
13.06 (4.02–32.22) mg/L) (P > .05; Table 4), FIB showed statistically signi�cant differences among
patients treated with DAIR in the chronic PJI group (Group B) (FIB 4.28(3.98–5.12) VS 3.68 (3.20–4.05)
g/L) (P < .05; Table 4).

Table 4
Biomarker levels before DAIR therapy in patients with chronic PJI.

Biomarkers Reinfection

Yes(n = 15) No(n = 6)

P Value

ESR (mm/h) 34.00 (17.00–68.00) 35.50 (20.00-72.50) .733

CRP (mg/L) 23.26 (5.62–33.98) 13.06 (4.02–32.22) .622

FIB (g/L) 4.28(3.98–5.12) 3.68 (3.20–4.05) < .05

PJI, periprosthetic joint infection; DAIR, debridement, antibiotics, and implant retention; ESR,
erythrocyte sedimentation rate; CRP, C-reactive protein; FIB, �brinogen.

The data are expressed as median (interquartile range).

Analysis of ROC curve parameters of each group.

In acute PJI DAIR postoperative reinfection, ESR shows AUC is 0.63, the best cutoff point 0.33, sensitivity
and speci�city were 90.91% and 41.67% respectively, the positive predictive value and negative predictive
value of 58.80% and 83.30% respectively, CRP shows AUC is 0.56, the best cutoff point 0.23, sensitivity
and speci�city were 72.73% and 50.00% respectively, the positive predictive value and negative predictive
value were 57.10% and 66.70% respectively, FIB according to AUC is 0.75, the best cutoff point of 0.65,
The sensitivity and speci�city were 81.82% and 83.33%, respectively. The positive predictive value and the
negative predictive value were 81.80% and 83.30%, respectively (Fig. 1; Table 5).
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Table 5
ROC curve parameters of acute and chronic PJI treated with DAIR for reinfection

ROC Curve
Parameters

Acute PJI (n = 23), Reinfection (n = 
11)

Chronic PJI (n = 21), Reinfection (n = 
15)

ESR    

AUC 0.63 0.56

Optimal cutoff 22 mm/h 20 mm/h

Youden index 0.33 0.23

Sensitivity 90.91% 66.00%

Speci�city 41.67% 16.66%

PPV 58.80% 66.66%

NPV 83.30% 16.66%

CRP    

AUC 0.56 0.58

Optimal cutoff 58.62 mg/L 16.50mg/L

Youden index 0.23 0.37

Sensitivity 72.73% 53.33%

Speci�city 50.00% 66.66%

PPV 57.10% 80.00%

NPV 66.70% 36.36%

FIB    

AUC 0.75 0.81

Optimal cutoff 3.32 g/L 3.94 g/L

Youden index 0.65 0.63

Sensitivity 81.82% 80.00%

Speci�city 83.33% 66.66%

PPV 81.80% 85.71%

NPV 83.30% 57.14%

ROC, receiver operating characteristic; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; FIB,
�brinogen; AUC, area under the curve; PPV, positive predictive value; NPV, negative predictive value
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To chronic postoperative reinfection, ESR shows AUC is 0.56, the best cutoff point 0.23, sensitivity and
speci�city were 66.00% and 16.66% respectively, the positive predictive value and negative predictive
value were 66.66% and 16.66% respectively, CRP shows AUC is 0.58, the best cutoff point 0.37, sensitivity
and speci�city were 53.33% and 66.66% respectively, the positive predictive value and negative predictive
value were 80.00% and 36.36% respectively, FIB according to AUC is 0.81, the best cutoff point of
0.63,The sensitivity and speci�city were 80.00% and 66.66%, respectively. The positive predictive value
and the negative predictive value were 85.71% and 57.14%, respectively (Fig. 2; Table 5).

Discussion
In the present study, our results suggest that (1) FIB is signi�cantly associated with reinfection after DAIR
treatment compared with traditional in�ammatory indicators CRP and ESR. (2) Fibrinogen may be a
promising indicator for predicting acute and chronic PJI after DAIR treatment. The literature review
con�rms that this study appears to be the �rst to evaluate the use of �brinogen in predicting reinfection
after treatment with DAIR for acute and chronic PJI.

PJI is a catastrophic complication after total joint replacement, which is the main reason for failure after
primary replacement [1]. PJI can be classi�ed into acute and chronic PJI according to MSIS criteria [2]. PJI
treatment is a huge challenge for orthopedic surgeons. Treatment options for PJI include DAIR, primary or
secondary revision arthroplasty, joint fusion, and amputation [3, 4, 20]. When acute PJI occurs after joint
replacement, it may be di�cult for orthopedic surgeons and patients to choose the treatment, because
the results of preserving the prosthesis or undergoing revision surgery phase I or II are different, and
improper treatment choices will lead to increased burden on patients. The international Consensus
recommended DAIR for acute PJI [11]. If the implant can be retained without infection, the patient can
avoid having to undergo the surgery again, avoiding the risk of complications. Our results showed that
the success rate of DAIR treatment in acute PJI was 52.17%, which was relatively close to the previously
reported results [21]. CRP and ESR, as traditional in�ammatory indicators, have been widely used to
evaluate and predict post-replacement infection [15, 22, 23]. A study by Kuiper et al. [24] showed that
when ESR was greater than 60 mm/h, the risk of DAIR treatment failure would increase. A multicentric
retrospective study showed [9] that high CRP was associated with DAIR treatment failure. However, CRP
is also elevated during the acute phase by the operation itself, and ESR is not recommended as a
diagnostic indicator during the acute phase [2]. This requires a new indicator as a supplement to predict
the outcome of DAIR treatment. FIB, as a coagulation test indicator, has recently been favored in the
diagnosis of PJI. Recent evidence shows that �brinogen can be used in the diagnosis of PJI and is a
practical and economic marker [25]. Our previous studies have shown that FIB can be a good indicator for
differentiating aseptic loosening and PJI [19]. Therefore, FIB was designed in this study to evaluate and
predict the risk of reinfection in PJI patients treated with DAIR. Our results showed that compared with
CRP and ESR, FIB predicted the maximum AUC of reinfection in the acute stage by 0.75, and the
sensitivity and speci�city were different compared with CRP and ESR. The above results suggest that FIB
appears to have some advantages in predicting acute PJI reinfection treated by DAIR.
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The treatment failure rate of DAIR for chronic PJI is high [26], However, DAIR can be used as a treatment
for patients with immune dysfunction, comorbidities, and reluctance to undergo revision surgery phase I
or II [27]. Studies have shown [28] that DAIR has been successfully applied to chronic PJI. Our results
showed that the failure rate of DAIR in the treatment of chronic PJI was 71.43%, and the AUC of FIB in the
prediction of chronic reinfection was 0.81, with sensitivity and speci�city of 80.00% and 66.66%,
respectively, which seemed to indicate that the increase of FIB may indicate an increased risk of
reinfection. However, a recent study [29] showed that the AUC of ESR and CRP in predicting the
reinfection of chronic PJI after DAIR treatment was 0.48 and 0.27 respectively, and the sensitivity and
speci�city were 67%, 47% and 50%, 26%, respectively. Their results also showed that CRP and ESR
showed poor predictive e�cacy of reinfection. However, this is related to the inconsistency of AUC, critical
value, speci�city and sensitivity of each indicator. In interpreting the above data and results, patient
selection bias, sample size, study population, drug sensitivity test, treatment regimen, patient
comorbidities, perioperative period, and PJI de�nition should also be taken into account.

There are some limitations to our study that should be taken into account in interpreting our �ndings.
First of all, the study was a retrospective design, and it had some inherent biases. In addition, we chose
serum FIB, and the results of plasma FIB may vary, and our sample size in each group is limited. Finally,
there are many factors leading to the failure of DAIR treatment, such as the choice of surgical timing,
bacterial culture results, drug sensitivity, comorbidities, etc. [30, 31], which need to be homogenized.
Therefore, the design of a prospective, multicenter, large sample study is necessary to further con�rm our
�ndings.

Conclusion
FIB can predict reinfection after DAIR treatment for acute or chronic PJI. Considering the high failure rate
of DAIR therapy in chronic PJI, it should be chosen carefully.
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Figure 1

Receiver operating characteristic curve analysis for predicting reinfection after DAIR treatment for acute
periprosthetic joint infection. DAIR, debridement, antibiotics, and implant retention; ESR, erythrocyte
sedimentation rate; CRP, C-reactive protein; FIB, �brinogen.
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Figure 2

Receiver operating characteristic curve analysis for predicting reinfection after DAIR treatment for chronic
periprosthetic joint infection. DAIR, debridement, antibiotics, and implant retention; ESR, erythrocyte
sedimentation rate; CRP, C-reactive protein; FIB, �brinogen.


