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Abstract

:

The diagnostic value of C-reactive protein (CRP) and the serum white blood cell (WBC) count is still barely defined for decision making during septic two-stage revision surgery of hip arthroplasty. We, therefore, compared these values between stages as well as between the groups without and with reinfection in 117 patients. A total of 106 patients were reinfection-free (91%). The median follow-up was 51 months. With a ΔCRP of −10 mg/L and a ΔWBC count of −1000/µL, a significant decrease between stages (p = 0.001) could be observed. When comparing the CRP and WBC count values between groups, however, no significant difference was found at stage one, stage two and even the difference between these two time points (reinfection-free ΔCRP of −11 mg/L and ΔWBC count of −1000/µL vs. reinfection ΔCRP of −5 mg/L (p = 0.131) and ΔWBC count of −1100/µL) (p = 0.424). The diagnostic value was poor for the calculated parameters (area under the curve (AUC) 0.5–0.6). The courses of the mean CRP values of both groups were similar. We conclude that the CRP and WBC count are not helpful to guide the decision making in individual cases.
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1. Introduction


The number of total joint arthroplasties over the world keeps increasing and with it the number of accompanying complications [1]. While there have been advances and improvements in specific types of complications such as abrasion and wear in recent years [2] periprosthetic joint infections (PJIs) continue to represent one of the greatest challenges of total joint arthroplasty. A PJI of a total hip arthroplasty (THA) is a serious complication with an incidence of around 1–2%. In the case of a late infection (later than 4 weeks after surgery), the most common therapeutic concept is the two-stage septic revision [3,4,5]. In the first stage, all foreign material is removed followed by radical debridement. Usually, a cement spacer loaded with antibiotic is implanted. In the following interim phase, the patient is treated first with intravenously and then orally administered antibiotics according to the antibiotic susceptibility profile of the microorganisms detected. The final step is to remove the spacer, to perform another radical debridement and to implant the new prosthesis. Success rates of 90–100% could be achieved with this concept [6,7,8,9,10].



Usually the interim phase takes 6 to 12 weeks [4]. The optimal duration of this phase and the proper timing of reimplantation is crucial for the success of therapy. Therefore, a combination of the clinical status of the patient and several serum and synovial indicators are used for decision making, whether the infection is under control or still active. Despite their routine use in such cases, neither the erythrocyte sedimentation rate (ESR) nor C-reactive protein (CRP) showed good diagnostic power in previous studies for TKA. While specificity was moderate to acceptable (62–85% for ESR and 89–94% for CRP), the sensitivity was 67% or even lower. Therefore, these parameters failed to be predictive [11,12]. Similar results were reported in analyses derived from mixed collectives with TKA and THA revisions. Of note, these results were also obtained when specifically looking at the development of the CRP and ESR value between stages [13,14]. Besides CRP and ESR, Jiang et al. also evaluated the Interleukin-6 (IL-6) and Fibrinogen levels. The receiver operating characteristic (ROC) curves with areas under the curve (AUC) around 0.5–0.6 showed, however, poor diagnostic value as well [14]. One mixed collective study investigating the diagnostic value for the serum WBC count prior to stage two even only described a sensitivity of 9% and a specificity of 81% which can be classified as inadequate [15]. As bigger collectives are able to produce stronger statistical statements, mixing TKA and THA collectives appears helpful at first sight. However, we believe that different joints need to be analyzed separately for reasons such as the different biomechanical properties, characteristic microbiological spectrum in case of infection and biologic properties. To the best of our knowledge, there is only one study considering inflammatory parameters in two-stage revision exclusively of THA. In this study, Shukla et al. observed a good response of the CRP and ESR values to therapy. The noted changes were, however, not helpful in terms of their diagnostic value [16]. We, therefore, conducted a study specifically investigating the diagnostic value of the serum CRP and serum WBC count in a large cohort of patients with a two-stage septic hip revision. These two parameters are commonly used inflammatory serum markers available in every medical laboratory and they are also partly used as minor criteria of the Musculoskeletal Infection Society (MSIS) [17]. Because the two-stage revision surgery is a long-term therapy, we did not only investigate two designated time points but also the differences and the complete course between stages.



The aim of the present study was to investigate how the CRP and WBC count responded to therapy with stage-one surgery and its following anti-infective treatment. We also wanted to analyze whether there is a difference in the development of these values in cases without and with reinfection. The predictive value of the CRP and WBC count were evaluated, and we attempted to calculate the optimal thresholds.




2. Materials and Methods


2.1. Patients and Research Workflow


The study was conducted according to the local ethical standards and the principles of the 1964 Helsinki Declaration and its later amendments. Informed consent was obtained from all subjects involved in the study. The study was approved by the local ethics board of the University Hospital of Tübingen (registration number 418/2021BO2).



All patients who received two-stage revision surgery with confirmed PJI of their THA between 2013 and 2019 in the Orthopaedic Clinic Markgröningen were reviewed. Periprosthetic joint infection was diagnosed preoperatively in all cases according to the criteria of the Musculoskeletal Infection Society (MSIS) and the International Consensus on Musculoskeletal Infection (ICM) 2018 [17,18]. Patients with an inflammatory disease (rheumatic disorders, chronic inflammatory bowel disease, vasculitis), a follow-up with less than 24 months and missing laboratory values were excluded. The data were collected prospectively, and the medical records of all patients were reviewed for age, sex, body mass index (BMI), American Society of Anesthesiologists (ASA) score, prior revision surgeries, type of explanted prosthesis, comorbidities, laboratory parameters, follow-up and outcome (later reinfection or no reinfection). The groups no reinfection and reinfection were subdivided and then compared according to the predetermined objectives. Statistical analyses were performed as described in Section 2.4.




2.2. Treatment Protocol


To assess the MSIS and ICM criteria, preoperative aspiration and/or biopsy examination of the hip joint was performed before any revision was carried out. Once a PJI of THA was confirmed, stage-one surgery was performed, including the explantation of the infected prosthesis with a following radical debridement. Bacteriological and histological examination were repeated intraoperatively at stage-one surgery. Thereafter, the spacer components were implanted with a bone cement containing an individualized and specific mixture of anti-infective substances according to the antibiotic susceptibility profile of the microorganisms detected, as previously described [4,8,19,20,21]. The following anti-infective therapy was administered individually according to a microbiologist’s suggestion. After two weeks of parenteral antibiotic therapy, the antibiotic treatment was changed to oral administration for at least four more weeks. After at least 6 weeks of anti-infective therapy, the stage-two operation followed with explantation of the spacer components, another radical debridement and reimplantation of the new prosthesis. There was no regular drug holiday between stages. After stage-two surgery, anti-infective treatment followed the same protocol as after stage-one surgery for another 6 weeks postoperatively.



Follow-up examinations took place at regular time intervals for at least two years. Classification as free of reinfection was made according to Diaz-Ledezma et al. [22] if the patient met the following criteria: free from mortality related to PJI, free from subsequent surgical intervention for PJI and microbiological and clinical absence of the infection for at least 2 years. In case of suspicion of a reinfection at any time of follow-up, the MSIS criteria 2014 and the ICM criteria 2018 were applied again.




2.3. Laboratory Parameters


WBC count (/µL) was measured with a fully automated hematology analyzer (UniCel DxH 800; Beckman Coulter, Pasadena, CA, USA), which identifies cells based on the principle of impedance technology and light scatter. CRP (mg/L) was measured by a particle-enhanced turbidimetric immunoassay (Cobas C303; Roche, Basel, Switzerland). Both methods were performed according to the manufacturers´ recommendations. The values of both parameters were recorded at two defined time points: prior to stage-one and prior to stage-two revision surgery. Furthermore, CRP level was obtained from all patients at the first postoperative day. Further, CRP levels were obtained on a regular basis postoperatively with at least six postoperative CRP measurements. The last used CRP value was obtained between day 14 and 21. In-house thresholds—in order to be assessed as positive with regard to an infection—were set at ≥10 mg/L for CRP and >9000/µL for WBC count, respectively. Not-elevated values for CRP are simply displayed as <5 mg/L by the Cobas C303 immunoassay. To statistically evaluate cases without elevated values for CRP, their value was virtually set at 0 mg/L. Changes in those inflammatory markers were named as “ΔCRP” and “ΔWBC count” and calculated using values prior to stage one minus values prior to stage-two surgery.




2.4. Statistical Analyses


Statistical analyses were conducted using IBM SPSS Version 24 (IBM Corp., Armonk, NY, USA) and Microsoft Excel (Microsoft, Redmond, WA, USA). Distributions of variables within the groups were assessed by histograms and Shapiro–Wilk Test. Continuous variables are presented as medians (range) or means (standard deviation) as appropriate and categorical variables as frequencies. Comparisons were performed by Mann–Whitney U-test and Wilcoxon test as appropriate. All reported p-values are two-sided, with an alpha level of 0.05, and have not been adjusted for multiple testing. To determine the effect size of statistical tests, r was calculated. Values of r < 0.3, r = 0.3–0.5 and r > 0.5 were rated as small, moderate and strong effect sizes, respectively.



Receiver operating characteristic (ROC) analyses and curves were performed and generated to determine the diagnostic value of the diagnostic tests regarding reinfection. The area under the ROC curve (AUC) was calculated as a measure of diagnostic effectiveness and classified as follows: AUC < 0.6 fail, AUC 0.6–0.69 poor, AUC 0.7–0.79 fair, 0.8–0.89 good, AUC 0.9–1 excellent [23]. To calculate the optimal threshold value of the laboratory tests, Youden´s J-statistics were performed.





3. Results


3.1. Collective


Our collective consisted of 117 patients with a septic two-stage revision surgery of their THA. The median age was 71 (27–92) years, with 48 women and 69 men (41:59%). The mean BMI was 29.3 ± 6.06 kg/m2. Diabetes mellitus was known in 20 patients (17%) and the ASA score was as follows: ASA 1:2 patients, ASA 2: 53 patients, ASA 3: 61 patients and ASA 4: 1 patient. Explanted prostheses were in 68% of the primary and in 32% of the revision implants. The median follow-up was 51 (24–87) months. A total of 106 patients (91%) remained without reinfection during the follow-up. All the patients with a reinfection were either ASA 2 (6%) or ASA 3 (13%). Of note, patients with obesity (BMI > 30 kg/m2) had a 15% reinfection rate versus 6% in patients with a BMI under 30 kg/m2.




3.2. Treatment Response


The median CRP decreased in the whole collective from the prior stage-one to the prior stage-two surgery from 16 mg/L (0–357) to 8 mg/L (0–89), having a median ΔCRP of −10 mg/L (−338–79) (p = 0.001). With a median ΔWBC count of −1000/µL (−9000–6000), being reduced from 7000/µL (4000–16,000) to 6000/µL (3000–13,000) after treatment, the WBC count also decreased significantly in the whole collective (p = 0.001)



Having a look at the reinfection-free group, the median CRP and WBC count also decreased significantly from 16 mg/L (0–357) to 8 mg/L (0–89) (p = 0.001) and from 7000/µL (3500–16,200) to 5900/µL (3100–12,300) (p = 0.001), respectively. Both parameters also decreased in the reinfection group—however, not significantly. The median CRP decreased from 18 mg/L (0–115) to 12 mg/L (0–41) (p = 0.131) and the median WBC count decreased from 7100/µL (4300–11,000) to 6300/µL (4000–12,500) (p = 0.424) (Figure 1 and Figure 2).



Having a big difference in the group size (106 vs. 11 patients), the effect size r for the calculation of the significance of the decrease in the values between stages one and two was determined. With r = 0.34 in the group without reinfection and r = 0.32 in the group with reinfection, the effect size of the difference in the CRP can be classified as moderate in both groups. With r = 0.43 and r = 0.17, the effect size of the difference in the WBC count in the group without reinfection can be classified as moderate as well. The effect size in the group with reinfection must be classified as small.




3.3. Diagnostic Value and Determination of Optimal Threshold


Regarding the differences between the reinfection-free and the reinfection group, no significant difference could be seen neither for the CRP nor for the WBC count in both stages. Furthermore, there was also no significant difference in the ΔCRP and ΔWBC count (Table 1).



To assess the diagnostic value of both markers, we performed ROC analyses and generated ROC curves. The values for the CRP prior stage-two surgery and the ΔCRP were an AUC = 0.604 and an AUC = 0.524, respectively (Figure 3). Similar values were calculated for the WBC count for prior stage-two surgery with an AUC = 0.586 and for the ΔWBC count with an AUC = 0.579 (Figure 4).



The optimal threshold values were calculated with Youden´s J. The sensitivity and specificity were measured. However, neither the CRP or the WBC count at stage two nor the differences between the stages reached an adequate diagnostic value (Table 2).




3.4. CRP Course in the Interim Phase


The CRP was measured preoperatively and at multiple time points postoperatively. There was no statistically significant difference between the CRP level of the cases with or without reinfection neither preoperatively nor at any point in the follow-up (Table 3). The mean CRP values of both groups are shown in Figure 5. The area under the curve was nearly identical with 868.0 for cases without reinfection and 846.3 for cases with reinfection (Figure 6).





4. Discussion


Septic two-stage revision surgery is a standard treatment for a PJI of a THA with success rates of up to 90–100% [6,7,8,9,10]. It is, however, extremely important to filter out subsequent therapy failures at an early stage in order to be able to adapt the therapy. This requires parameters that guide the decision as to whether an infection is controlled or not. A lot of studies are available on the diagnostic workup prior to septic revision surgery, leading to standardized preoperative decision making according to the MSIS and ICM criteria [17,18]. However, there is an absence of such a standardized preoperative diagnostic workup to guide the timing of stage-two surgery and the decision as to whether a PJI is controlled or not. Those studies available for the diagnostic workup prior to stage two mainly report on TKA or mixed collectives with only one single study for a THA collective [11,12,13,14,16]. Because we believe that joint-specific diagnostic and therapeutic algorithms are necessary, there is a need for studies investigating this subject exclusively for THA.



We, therefore, conducted a study regarding the CRP and WBC count. These parameters are part of the routinely obtained preoperative laboratory sample and are still used to evaluate infections by many surgeons.



Our representative collective consisted of 117 patients and a reinfection-free rate of 91%. In line with the literature, patients with a higher ASA score and patients with obesity tended to have a higher risk for reinfection [24,25,26].



To answer our first objective, we compared the CRP and WBC count values prior to stage one with values prior to stage two. Both parameters decreased significantly between the stages (p = 0.001), showing the anti-infective impact of the therapy. This is in line with the high success rate of 91% in the present collective at a minimum follow-up of two years. Shukla et al. also found a significant decrease for the ESR, CRP and WBC count of the synovial fluid, which is in line with our results [16]. This also seems to be true for TKA [12].



For our second objective, we compared the values of the reinfection-free with the reinfection group. The CRP and WBC count decreased significantly in the reinfection-free group (p = 0.001). This difference was not significant between the stages in the reinfection group. There is also one comparative study with a TKA collective showing a similar observation [12]. These results have to be handled with caution, however, because of the different group sizes and the corresponding small effect sizes of the statistical tests. When comparing the deltas of both groups, we were not able to find a significant difference. Having a look at the literature, similar results could be obtained for THA as well as for mixed collectives for both absolute and relative differences [13,14,16].



To evaluate the diagnostic value, we calculated the AUC of the ROC curves. With an AUC between 0.5 and 0.6, we obtained similar results as other comparable studies [13,14,16]. Taken together, this classifies the CRP and WBC count prior to stage two as well as the ΔCRP and ΔWBC count as poor diagnostic means which are not able to discriminate between cases with reinfection and those with no reinfection.



In an attempt to define suitable thresholds, we performed Youden´s J-statistics on the data set. Yet, even with calculated optimized thresholds, we were not able to generate adequate sensitivity or specificity. This is in line with the results of Shukla et al. [16]. The CRP and WBC count are therefore not good enough to be used for decision making alone.



To answer our fifth and last objective, we compared the course of the CRP between both stages. There was no statistically significant difference in the CRP value at any time point and the areas under the curves were similar for both groups. Therefore, in our opinion, the CRP course is also not suitable for predicting the success or failure of the therapy. There is only one comparative study investigating the course of the CRP value. Interestingly, they were able to find significantly higher median prereimplantation CRP levels for the reinfection group. Furthermore, they classified the CRP trends somewhat arbitrarily and found that cases with a CRP fluctuation without dropping under 10 mg/dl are more likely to fail in therapy [27].



Taken together, no single CRP value is suitable to predict the success or failure of the therapy. Single values appear too sensitive for disturbance variables. Further research will show whether the course of CRP in the interim phase may be helpful to guide the therapy.



Besides the CRP and WBC count which were evaluated in the present study, there are more parameters in the literature which have been investigated: ESR, IL-6 or Fibrinogen levels in serum, for example, proved also of little help to indicate persistent infection [12,13,14]. Regarding the WBC count in the synovial fluid, various studies reported inconsistent results. While Kusuma et al., for example, found an elevated WBC in the synovial fluid not indicative of a persistent PJI in a TKA, Shukla et al. were able to show good sensitivity and excellent specificity in THA [12,16].



What always has to be kept in mind when interpreting inflammation parameters is that not only the obvious PJI is able to influence those values but also other confounders. In the case of infections of the upper respiratory tract or the urinary tract as well as after sports or trauma, inflammation parameters can also increase significantly although not always clinically obvious [28,29,30,31]. Obesity also leads to higher inflammation markers, which is one more very common reason for possibly confounding the results [32].



The strengths of our study are the consistent therapy regimen with the individualized anti-infective therapy and the course of the CRP value in the interim phase. Furthermore, the extended follow-up with at least two years should be long enough to be able to identify late periprosthetic reinfections [22]. What is more, we tried to exclude possible confounders of the inflammatory parameters by excluding chronic inflammatory diseases.



Although we have one of the biggest study collectives when compared to other studies, one clear limitation of the study collective is the small group of patients with reinfection, limiting the effect size of the statistical tests. However, this is a well-known problem which other study collectives also had to face [11,12,14,16]. Another weakness is that the CRP was not further specified when negative. This could distort the results and make the calculation of relative changes impossible. However, such relative changes were also found with little diagnostic value in the literature [13,14].




5. Conclusions


In this study, we were able to define the predictive values for the CRP and WBC count in one of the largest THA-only collectives. Furthermore, we did not only compare two time points but also the course of the CRP value and the AUC. Taken together, neither the inflammation parameters prior to stage one or two nor their calculated differences are helpful to guide the decision making in an individual case whether a PJI is controlled or not. There are no thresholds with good sensitivity and specificity. For this reason, these markers seem inadequate diagnostic tests for the prediction of success. Following the postoperative course of CRP in the interim phase is also of little predictive value, because there is no difference in the cases without and with reinfection. Of note, there are some frequent confounders for serum inflammatory parameters, which make the interpretation more difficult. Nevertheless, serum markers will still have their role in therapy monitoring, but they should not be used as single diagnostic tools. As a result of this study, we changed our own diagnostic algorithm by performing a prereimplantation joint aspiration in every single case and put more emphasis on the synovial fluid WBC count and the percentage of the polymorphonuclear cells. Furthermore, we are planning an investigation of the predictive value of these synovial fluid parameters; however, we are not able to provide sufficient data yet.



Determining the potential success of a two-stage revision procedure will continue to be based on complex algorithms including a multitude of different factors. Hopefully, future research will provide new means that will simplify surgical decision making.







Author Contributions


Conceptualization: B.F., M.M. and U.K.H.; methodology: M.M.; validation: B.F., M.M. and U.K.H.; formal analysis: M.M. and P.S.; investigation M.M. and S.B.; data curation: M.M.; writing—original draft preparation: M.M.; writing—review and editing: U.K.H. and B.F.; visualization: M.M. and P.S.; supervision: B.F.; project administration: M.M. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki and was approved by the local ethics board of the University Hospital of Tübingen (registration number 418/2021BO2).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


Data are available from the authors on reasonable request.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Lamagni, T. Epidemiology and burden of prosthetic joint infections. J. Antimicrob. Chemother. 2014, 69 (Suppl. S1), i5–i10. [Google Scholar] [CrossRef] [PubMed]

	



Jamari, J.; Ammarullah, M.I.; Santoso, G.; Sugiharto, S.; Supriyono, T.; Prakoso, A.T.; Basri, H.; van der Heide, E. Computational Contact Pressure Prediction of CoCrMo, SS 316L and Ti6Al4V Femoral Head against UHMWPE Acetabular Cup under Gait Cycle. J. Funct. Biomater. 2022, 13, 64. [Google Scholar] [CrossRef] [PubMed]

	



Garvin, K.L.; Hanssen, A.D. Infection after total hip arthroplasty. Past, present, and future. J. Bone Joint Surg. Am. 1995, 77, 1576–1588. [Google Scholar] [CrossRef] [PubMed]

	



Fink, B. Revision of late periprosthetic infections of total hip endoprostheses: Pros and cons of different concepts. Int. J. Med. Sci. 2009, 6, 287–295. [Google Scholar] [CrossRef] [PubMed]

	



Cui, Q.; Mihalko, W.M.; Shields, J.S.; Ries, M.; Saleh, K.J. Antibiotic-impregnated cement spacers for the treatment of infection associated with total hip or knee arthroplasty. J. Bone Joint Surg. Am. 2007, 89, 871–882. [Google Scholar] [CrossRef] [PubMed]

	



Burnett, R.S.; Kelly, M.A.; Hanssen, A.D.; Barrack, R.L. Technique and timing of two-stage exchange for infection in TKA. Clin. Orthop. Relat. Res. 2007, 464, 164–178. [Google Scholar] [CrossRef]

	



Garvin, K.L.; Evans, B.G.; Salvati, E.A.; Brause, B.D. Palacos gentamicin for the treatment of deep periprosthetic hip infections. Clin. Orthop. Relat. Res. 1994, 298, 97–105. [Google Scholar] [CrossRef]

	



Fink, B.; Grossmann, A.; Fuerst, M.; Schafer, P.; Frommelt, L. Two-stage cementless revision of infected hip endoprostheses. Clin. Orthop. Relat. Res. 2009, 467, 1848–1858. [Google Scholar] [CrossRef] [PubMed]

	



Lieberman, J.R.; Callaway, G.H.; Salvati, E.A.; Pellicci, P.M.; Brause, B.D. Treatment of the infected total hip arthroplasty with a two-stage reimplantation protocol. Clin. Orthop. Relat. Res. 1994, 301, 205–212. [Google Scholar] [CrossRef]

	



Mederake, M.; Hofmann, U.K.; Fink, B. New Technique for Custom-Made Spacers in Septic Two-Stage Revision of Total Hip Arthroplasties. Antibiotics 2021, 10, 1073. [Google Scholar] [CrossRef] [PubMed]

	



Fu, J.; Ni, M.; Li, H.; Li, X.; Chai, W.; Zhou, Y.; Hao, L.; Chen, J. The proper timing of second-stage revision in treating periprosthetic knee infection: Reliable indicators and risk factors. J. Orthop. Surg. Res. 2018, 13, 214. [Google Scholar] [CrossRef] [PubMed]

	



Kusuma, S.K.; Ward, J.; Jacofsky, M.; Sporer, S.M.; Della Valle, C.J. What is the role of serological testing between stages of two-stage reconstruction of the infected prosthetic knee? Clin. Orthop. Relat. Res. 2011, 469, 1002–1008. [Google Scholar] [CrossRef] [PubMed]

	



Stambough, J.B.; Curtin, B.M.; Odum, S.M.; Cross, M.B.; Martin, J.R.; Fehring, T.K. Does Change in ESR and CRP Guide the Timing of Two-stage Arthroplasty Reimplantation? Clin. Orthop. Relat. Res. 2019, 477, 364–371. [Google Scholar] [CrossRef] [PubMed]

	



Jiang, Q.; Fu, J.; Chai, W.; Hao, L.B.; Zhou, Y.G.; Xu, C.; Chen, J.Y. Changes in serum markers failed to predict persistent infection after two-stage exchange arthroplasty. J. Orthop. Surg. Res. 2020, 15, 382. [Google Scholar] [CrossRef]

	



Muhlhofer, H.M.L.; Knebel, C.; Pohlig, F.; Feihl, S.; Harrasser, N.; Schauwecker, J.; von Eisenhart-Rothe, R. Synovial aspiration and serological testing in two-stage revision arthroplasty for prosthetic joint infection: Evaluation before reconstruction with a mean follow-up of twenty seven months. Int. Orthop. 2018, 42, 265–271. [Google Scholar] [CrossRef]

	



Shukla, S.K.; Ward, J.P.; Jacofsky, M.C.; Sporer, S.M.; Paprosky, W.G.; Della Valle, C.J. Perioperative testing for persistent sepsis following resection arthroplasty of the hip for periprosthetic infection. J. Arthroplast. 2010, 25, 87–91. [Google Scholar] [CrossRef]

	



Parvizi, J.; Zmistowski, B.; Berbari, E.F.; Bauer, T.W.; Springer, B.D.; Della Valle, C.J.; Garvin, K.L.; Mont, M.A.; Wongworawat, M.D.; Zalavras, C.G. New definition for periprosthetic joint infection: From the Workgroup of the Musculoskeletal Infection Society. Clin. Orthop. Relat. Res. 2011, 469, 2992–2994. [Google Scholar] [CrossRef] [PubMed]

	



Parvizi, J.; Tan, T.L.; Goswami, K.; Higuera, C.; Della Valle, C.; Chen, A.F.; Shohat, N. The 2018 Definition of Periprosthetic Hip and Knee Infection: An Evidence-Based and Validated Criteria. J. Arthroplast. 2018, 33, 1309–1314. [Google Scholar] [CrossRef]

	



Fink, B.; Rechtenbach, A.; Buchner, H.; Vogt, S.; Hahn, M. Articulating spacers used in two-stage revision of infected hip and knee prostheses abrade with time. Clin. Orthop. Relat. Res. 2011, 469, 1095–1102. [Google Scholar] [CrossRef]

	



Fink, B.; Oremek, D. The Transfemoral Approach for Removal of Well-Fixed Femoral Stems in 2-Stage Septic Hip Revision. J. Arthroplast. 2016, 31, 1065–1071. [Google Scholar] [CrossRef]

	



Fink, B.; Vogt, S.; Reinsch, M.; Buchner, H. Sufficient release of antibiotic by a spacer 6 weeks after implantation in two-stage revision of infected hip prostheses. Clin. Orthop. Relat. Res. 2011, 469, 3141–3147. [Google Scholar] [CrossRef] [PubMed]

	



Diaz-Ledezma, C.; Higuera, C.A.; Parvizi, J. Success after treatment of periprosthetic joint infection: A Delphi-based international multidisciplinary consensus. Clin. Orthop. Relat. Res. 2013, 471, 2374–2382. [Google Scholar] [CrossRef] [PubMed]

	



Fischer, J.E.; Bachmann, L.M.; Jaeschke, R. A readers' guide to the interpretation of diagnostic test properties: Clinical example of sepsis. Intensive Care Med 2003, 29, 1043–1051. [Google Scholar] [CrossRef] [PubMed]

	



Kong, L.; Cao, J.; Zhang, Y.; Ding, W.; Shen, Y. Risk factors for periprosthetic joint infection following primary total hip or knee arthroplasty: A meta-analysis. Int. Wound J. 2017, 14, 529–536. [Google Scholar] [CrossRef] [PubMed]

	



Jamsen, E.; Nevalainen, P.; Eskelinen, A.; Huotari, K.; Kalliovalkama, J.; Moilanen, T. Obesity, diabetes, and preoperative hyperglycemia as predictors of periprosthetic joint infection: A single-center analysis of 7181 primary hip and knee replacements for osteoarthritis. J. Bone Joint Surg. Am. 2012, 94, e101. [Google Scholar] [CrossRef] [PubMed]

	



Eka, A.; Chen, A.F. Patient-related medical risk factors for periprosthetic joint infection of the hip and knee. Ann. Transl. Med. 2015, 3, 233. [Google Scholar] [CrossRef] [PubMed]

	



Li, Z.Y.; Lin, Y.C.; Chang, C.H.; Chen, S.Y.; Lu, T.W.; Lee, S.H. Trend of serum C-reactive protein is associated with treatment outcome of hip Periprosthetic joint infection undergoing two-stage exchange arthroplasty: A case control study. BMC Musculoskelet Disord. 2021, 22, 1007. [Google Scholar] [CrossRef]

	



Agrawal, P.; Pandey, A.; Sompura, S.; Pursnani, M.L. Role of blood Creactive protein levels in upper urinary tract infection and lower urinary tract infection in adult patients (>16 years). J. Assoc. Physicians India 2013, 61, 462–463. [Google Scholar]

	



Meisner, M.; Adina, H.; Schmidt, J. Correlation of procalcitonin and C-reactive protein to inflammation, complications, and outcome during the intensive care unit course of multiple-trauma patients. Crit. Care 2006, 10, R1. [Google Scholar] [CrossRef]

	



Kasapis, C.; Thompson, P.D. The effects of physical activity on serum C-reactive protein and inflammatory markers: A systematic review. J. Am. Coll. Cardiol. 2005, 45, 1563–1569. [Google Scholar] [CrossRef]

	



Melbye, H.; Hvidsten, D.; Holm, A.; Nordbo, S.A.; Brox, J. The course of C-reactive protein response in untreated upper respiratory tract infection. Br. J. Gen. Pract. 2004, 54, 653–658. [Google Scholar] [PubMed]

	



Aronson, D.; Bartha, P.; Zinder, O.; Kerner, A.; Markiewicz, W.; Avizohar, O.; Brook, G.J.; Levy, Y. Obesity is the major determinant of elevated C-reactive protein in subjects with the metabolic syndrome. Int. J. Obes. Relat. Metab. Disord 2004, 28, 674–679. [Google Scholar] [CrossRef] [PubMed]








[image: Antibiotics 11 01098 g001 550] 





Figure 1. Boxplots for C-reactive protein (“CRP“) values prior to stage-one and prior to stage-two surgeries, divided in groups without and with reinfection. 
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Figure 2. Boxplots for white blood cell count (“WBC count“) values prior to stage-one and prior to stage-two surgeries, divided in groups without and with reinfection. 
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Figure 3. Receiver operating characteristic curves for C-reactive protein prior to stage two (“CRP stage two“) and for ΔCRP (CRP stage two minus CRP stage one). 
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Figure 4. Receiver operating characteristic curves for white blood cell count prior to stage two (“WBC count stage two“) and for ΔWBC count (WBC count stage two minus WBC count stage one). 
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Figure 5. Mean C-reactive protein (CRP) value preoperatively and in the further clinical course of patients without reinfection (blue curve) and with reinfection (green curve). 
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Figure 6. The area under the curve (AUC) of the mean C-reactive protein (CRP) values preoperatively and in the further clinical course of cases without reinfection ((a) green curve) and with reinfection ((b) orange curve). 
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Table 1. Median values of CRP, WBC count, ΔCRP and ΔWBC count (CRP: C-reactive protein; WBC: white blood cell).
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	Reinfection Free
	Reinfection
	p-Value





	CRP stage one in mg/L (median/range)
	16 (0–357)
	18 (0–115)
	0.793



	CRP stage two in mg/L (median/range)
	8 (0–89)
	12 (0–41)
	0.249



	ΔCRP (stage two–stage one) in mg/L (median/range)
	−11 (−338–79)
	−5 (−74–14)
	0.794



	WBC count stage one in 1000/µL (median/range)
	7.0 (3.5–16.2)
	7.1 (4.3–11)
	0.848



	WBC count stage two in 1000/µL (median/range)
	5.9 (3.1–12.3)
	6.3 (4–12.5)
	0.350



	ΔWBC count (stage two–stage one) in 1000/µL (median/range)
	−1.0 (−8.7–6.3)
	−1.1 (−4.4–4.5)
	0.390
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Table 2. Calculated threshold values for C-reactive protein prior to stage two (“CRP stage two“), ΔCRP (CRP stage two minus CRP stage one), white blood cell count prior to stage two (“WBC count stage two“) and ΔWBC Count (WBC count stage two minus WBC count stage one).






Table 2. Calculated threshold values for C-reactive protein prior to stage two (“CRP stage two“), ΔCRP (CRP stage two minus CRP stage one), white blood cell count prior to stage two (“WBC count stage two“) and ΔWBC Count (WBC count stage two minus WBC count stage one).











	
	Calculated Threshold Value
	Sensitivity
	Specificity





	CRP stage two
	8.1 mg/L
	0.727
	0.538



	ΔCRP
	−5.1 mg/L
	0.545
	0.613



	WBC count stage two
	5800/µL
	0.727
	0.472



	ΔWBC count
	1150/µL
	0.364
	0.934
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Table 3. Mean CRP values (in mg/L) preoperatively and at different points of follow-up.
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	No Reinfection
	Reinfection
	p-Value





	Preoperatively
	41 ± 64
	26 ± 34
	0.913



	Day 1
	69 ± 57
	53 ± 32
	0.520



	Day 2
	114 ± 67
	106 ± 35
	0.769



	Day 3
	109 ± 54
	96 ± 27
	0.692



	Day 4
	88 ± 52
	n.a.
	-



	Day 5
	62 ± 39
	80 ± 35
	0.201



	Day 6
	66 ± 51
	59 ± 25
	0.864



	Day 7
	53 ± 44
	69 ± 46
	0.311



	Day 8
	58 ± 51
	40 ± 30
	0.706



	Day 9
	50 ± 36
	n.a.
	-



	Day 10
	43 ± 33
	46 ± 18
	0.519



	Day 11
	38 ± 26
	38 ± 22
	0.769



	Day 12
	33 ± 17
	33 ± 23
	0.930



	Day 13
	32 ± 20
	n.a.
	-



	Day 14
	25 ± 25
	n.a.
	-



	Day 14–21
	23 ± 24
	24 ± 8
	0.436
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