[image: image1]High vs. low vancomycin therapeutic concentrations in periprosthetic joint infection: A retrospective cohort analysis

		ORIGINAL RESEARCH
published: 27 March 2025
doi: 10.3389/fphar.2025.1555276


[image: image2]
High vs. low vancomycin therapeutic concentrations in periprosthetic joint infection: A retrospective cohort analysis
Jingdong Cheng1,2†, Dehua Wang3†, Yanqing Chen2, Qingqing Zhao1, Qianyi Ou1, Liangming Zhang2‡ and Xinyu Li1*‡
1Department of Pharmacy, The First Affiliated Hospital of Chongqing Medical University, Chongqing, China
2Department of Pharmacy, Panzhihua Central Hospital, Panzhihua, Sichuan, China
3Department of Orthopedics, The First Affiliated Hospital of Chongqing Medical University, Chongqing, China
Edited by:
María Guembe, Gregorio Marañón Hospital, Spain
Reviewed by:
Abdurrahman Aksoy, Ondokuz Mayıs University, Türkiye
Lorenzo Andreani, University of Pisa, Italy
* Correspondence: Xinyu Li, ariel_lee1983@icloud.com
†These authors have contributed equally to this work and share first authorship
‡These authors have contributed equally to this work
Received: 04 January 2025
Accepted: 18 March 2025
Published: 27 March 2025
Citation: Cheng J, Wang D, Chen Y, Zhao Q, Ou Q, Zhang L and Li X (2025) High vs. low vancomycin therapeutic concentrations in periprosthetic joint infection: A retrospective cohort analysis. Front. Pharmacol. 16:1555276. doi: 10.3389/fphar.2025.1555276

Objective: Current guidelines recommend vancomycin concentrations of 10–20 μg/mL for most infections, with higher levels (15–20 μg/mL) suggested for severe cases. However, evidence supporting these recommendations in periprosthetic joint infection (PJI) is limited. This study aims to evaluate the impact of different vancomycin concentration ranges (10–15 vs. 15–20 μg/mL) on the safety and effectiveness in PJI population.Methods: This retrospective study included 37 patients with vancomycin Therapeutic Drug Monitoring due to periprosthetic joint infection. Patients were categorized into two groups according to vancomycin concentrations, low concentration group (10–15 μg/mL) and high concentration group (15–20 μg/mL). Patients were followed up for at least 2 years. The long term clinical outcomes, inflammatory markers, as well as adverse events were compared. A physiologically based pharmacokinetic model was established to compare vancomycin distribution in kidney and bone marrow between the two groups.Results: There were 23 (62.16%) patients classified as the HC group and 14 (37.84%) as the LC group. The average steady-state trough concentration (Css) in the HC group was 17.74 μg/mL, and in the LC group was 12.11 μg/mL. At the end of follow-up, two patients (5.40%) in the HC group had died, and one (2.7%) was readmitted for joint fusion due to recurrent infections, whereas no deaths or readmissions occurred in the LC group. However, no significant differences were identified. Similar improvements from baseline were observed across WOMAC, Harris, HSS, and SF-12 scores between the groups. The synovial white blood cell (WBC) count was significantly lower in the HC group compared to the LC group (5,481 vs. 7,106/μL, P = 0.009), with a more pronounced reduction from baseline noted. The PBPK model showed a greater increase in drug distribution to the bone marrow in the HC group (20.66 μg/mL vs. 14.34 μg/mL), with a smaller rise in the kidney (376.2 μg/mL vs. 327.7 μg/mL).Conclusion: Maintaining vancomycin concentrations of 15–20 μg/mL is associated with better infection control for PJI patients who present with higher synovial WBC account, without compromising patient safety, joint function, or long-term quality of life.Keywords: vancomycin, therapeutic drug monitoring, periprosthetic joint infection, treatment effectiveness, treatment safety
1 INTRODUCTION
Vancomycin is one of the most widely used antibiotics for the management of serious Gram-positive bacterial infections. It is also among the first line treatment for infections caused by Methicillin-Resistant Staphylococcus aureus (MRSA) (Hsu et al., 2018; Chanapiwat et al., 2023). Because of its narrow therapeutic range, vancomycin therapy is associated with many serious adverse reactions such as acute kidney injury (AKI) and ototoxicity (Woldu and Guglielmo, 2018). Thus, it is crucial to monitor the serum concentration of vancomycin to maximize effectiveness while minimizing these potential adverse effects (Al-Maqbali et al., 2022). Extensive pharmacokinetic studies have been conducted across various patient populations such as pediatric (Al-Mazraawy and Girotto, 2021; Moriyama et al., 2021) and intensive care unit (ICU) patients (Chuma et al., 2018; Hou et al., 2021; Viertel et al., 2023), and in individuals with severe with severe Gram-positive bacterial infections (Prabaker et al., 2012). Drug monitoring has enabled clinicians to target vancomycin levels within a narrow range, enhancing both safety and effectiveness.
PJI is a serious and challenging complication following total joint arthroplasty, associated with high morbidity, substantial economic, psychological burdens due to frequent readmissions and repeated surgical interventions (Leta et al., 2024; Zardi and Franceschi, 2020; Schwarz et al., 2019; Patel, 2023; Belden et al., 2019; Zhang et al., 2020). Staphylococcus aureus, Staphylococcus epidermidis, and other coagulase-negative staphylococci are the primary pathogens implicated in PJI (Drago et al., 2019; Simon et al., 2022; Xu et al., 2022). Vancomycin is widely used to treat PJI (Yoon et al., 2017), which often involves prolonged hospital stays and extensive antibiotic therapy. Therefore, therapeutic drug monitoring of vancomycin is necessary to achieve an optimal balance between effectiveness and safety in these cases. Although the ratio of area under the curve to minimum inhibitory concentration (AUC/MIC ratio) is the preferred parameter for pharmacodynamic monitoring, trough serum vancomycin concentration continues to serve as a practical measure of effectiveness in many healthcare facilities, and has also been recommended as an option for therapeutic drug monitoring of vancomycin by some guideline including those from Chinese Pharmacological Society (He et al., 2020).
Current guidelines recommend the therapeutic serum concentration of vancomycin within 10–20 μg/mL for most infections, with 15–20 μg/mL suggested for severe cases (He et al., 2020; Rybak et al., 2020). Sustaining elevated vancomycin levels may augment its antimicrobial effectiveness; however, this practice could also elevate the risk of organ toxicity or damage (Álvarez et al., 2016). Moreover, these recommendations for the higher concentration range (15–20 μg/mL) are primarily derived from studies focused on severe infections such as bacteremia, pneumonia, and infective endocarditis, which offer limited evidence specifically related to PJI. Given that PJI predominantly affects elderly patients and often necessitates prolonged antibiotic therapy (Weinstein et al., 2023), the balance between effectiveness and safety when maintaining elevated vancomycin levels in this population remains uncertain (Bue et al., 2018). To address this gap, our study conducted a retrospective analysis of PJI patients treated with vancomycin at our hospital from 2018 to 2022. This study aims to evaluate the impact of different vancomycin serum concentration ranges (10–15 μg/mL vs. 15–20 μg/mL) influence long term clinical outcomes, inflammatory markers, and adverse events. Our findings aim to inform vancomycin dosage adjustment and monitoring in PJI patient population.
2 MATERIALS AND METHODS
2.1 Patients selection
2.1.1 Inclusion/exclusion criteria
This retrospective study was reviewed and approved by the Ethical Committee of the hospital. Between 2018 and 2022 (Hsu et al., 2018), adult patients (≥18 years) receiving vancomycin therapy during a single hospital admission to Orthopedic Surgery Ward of the First Affiliated Hospital of Chongqing Medical University (Chanapiwat et al., 2023), with surgery record (Woldu and Guglielmo, 2018), with at least one Css record were included in this study. Patients were excluded based on the following criteria (Hsu et al., 2018): with at least one Css exceeding 20 μg/mL or falling below 10 μg/mL (Chanapiwat et al., 2023); diagnosed with infections other than PJI Musculoskeletal Infection Society (MSIS) diagnostic criteria (2018); and (Woldu and Guglielmo, 2018) presence of fungal infections or gram-negative infections.
2.1.2 Grouping of patients
All patients received vancomycin treatment through intermittent infusion. The steady-state trough concentration was collected after the third or fourth dose, 30 min before the next dose, in accordance with the American Society for Health System Pharmacists guidelines (Rybak et al., 2020). We only considered adjusting the dosing when the initial vancomycin concentration was outside the therapeutic range. If two or more steady-state serum concentrations of vancomycin were reported, then the average concentration was calculated and used for analysis. Patients were divided into two groups according to steady-state vancomycin trough concentrations: patients with concentrations 10–15 μg/mL were defined as the LC group, patients with concentrations 15–20 μg/mL were defined as HC group.
2.2 Outcomes and covariates
The primary outcome measures of this study are as follows (Hsu et al., 2018): 2-year all-cause mortality and readmissions (Chanapiwat et al., 2023). The recurrence rate of infection in patients (Woldu and Guglielmo, 2018). The long-term survival conditions of patients include the patients’ quality of life (measured by The Western Ontario and McMaster Universities Arthritis Index (WOMAC) and SF12 scores) and hip and knee joint function scores (measured by Harris score andHospital for Special Surgery Score (HSS) scores) (Al-Maqbali et al., 2022). The occurrence of liver and renal injury during vancomycin therapy, and other adverse drug reactions (Al-Mazraawy and Girotto, 2021). The declination in inflammatory indicators, including C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), serum WBC, synovial WBC count and synovial primary membranous nephropathy percent (PMN%) at the time of patient discharge.
AKI is defined as an increase in the serum creatinine (SCr) level of ≥0.3 mg/dL, or a 50% increase from baseline in consecutive daily readings, or a decrease in calculated creatinine clearance (CrCl) of 50% from baseline on two consecutive days. drug-induced liver injury (DILI) is defined as total bilirubin (TBil) >23 μmol/L or a two-fold increase in serum aspartate transaminase (AST) and alanine aminotransferase (ALT) levels. Leukopenia is defined as WBC <4.0 × 109/L in patients due to various factors. Other adverse drug reactions include the occurrence of rashes, red man syndrome, tinnitus, et,al.
Mean CrCl was determined by the Cockcroft-Gault equation: Creatinine clearance = [(140 - age) × body weight (kg)]/[0.818 × creatinine (μmol/L)], and for women, the calculated result is multiplied by 0.85. The AUC of vancomycin was predicted by the Bayesian model, and the MIC value of the bacteria is determined by the results of drug susceptibility according to the Clinical and Laboratory Standards Institute breakpoints. If the bacterial culture result was negative, 1 mg/L value was used for MIC.
The selection of surgical strategies, including DAIR, one-stage revision, and two-stage revision, is determined based on patients’ clinical manifestations, infection duration, and infection type (Peng et al., 2023). DAIR is indicated for acute or localized infections in patients with well-preserved periarticular soft tissue conditions and pathogens susceptible to antibiotics. The procedure involves complete excision of infected soft tissues, joint cavity irrigation, polyethylene liner exchange with prosthesis retention, and local antibiotic administration. One-stage revision is appropriate for patients with confirmed pathogen identification, antibiotic susceptibility, and favorable soft tissue integrity. The surgical protocol entails prosthesis removal, thorough debridement, and immediate prosthetic reimplantation. Two-stage revision is reserved for chronic infections, complex cases caused by drug-resistant bacteria or unidentified pathogens, or patients with compromised soft tissue conditions. The first stage involves prosthesis removal, radical debridement, and placement of an antibiotic-loaded cement spacer combined with systemic antibiotic therapy. Prosthesis reimplantation is performed after infection eradication (typically 6–8 weeks later).
2.3 Data collection and organization
The patients’ data was collected from the electronic records, including the demographic data (e.g., age, sex), initial body mass index (BMI), comorbidities (such as hypertension, diabetes), duration of vancomycin therapy, average daily vancomycin dosage, length of hospital stay, vancomycin trough concentrations, microbiological data, surgical interventions (one-stage revision, two-stage revision and debridement and implant retention), the site of infection (knee or hip). Before the initiation of vancomycin therapy and at discharge, the laboratory tests results including WBC, CRP, ESR, synovial WBC count, PMN%, ALT, AST, TBil, CrCl were also documented. If two or more steady-state serum concentrations of vancomycin were reported, then the average concentration was calculated and used for analysis. patients were contacted via telephone or during outpatient follow-up visits to assess outcomes using the WOMAC score, SF-12 score, Harris Score, or HSS score.
2.4 Vancomycin physiologically based pharmacokinetic (PBPK) model construction, validation and prediction
To assess pharmacokinetics and tissue distribution of vancomycin in PJI patients, we employed the commercially available dynamic PBPK modeling software GastroPlus™ version 9.9 (Simulations Plus, Inc.) to construct a stepwise model as previously described (Du et al., 2020). This model was then used to predict vancomycin distribution in the kidney and bone marrow of PJI patients. The modeling and simulation process was divided into four key stages (Hsu et al., 2018): The molecular structure of vancomycin was imported into GastroPlus™ 9.9 software, where the physicochemical parameters and dosing regimen were configured (Chanapiwat et al., 2023). Using clinical trial data from the literature (Cutler et al., 1984), the physiological and anatomical parameter database for young adults in the United States was selected. A PBPK model for intravenous vancomycin administration in this population was developed and validated by comparing the predicted vancomycin concentration-time profiles with observed clinical data obtained from young adults following intravenous infusion (Woldu and Guglielmo, 2018). The PBPK model for U.S. young adults was then adapted for Chinese young adults, incorporating relevant physiological data for this population. Plasma concentration-time data reported in the literature for Chinese young adults who received a single 1.0 g intravenous infusion of vancomycin (Du et al., 2018) was used to systematically compare the model’s predictions, allowing for an evaluation of its accuracy and reliability in this cohort (Al-Maqbali et al., 2022). In the established PBPK model for the Chinese population, physiological parameters such as age, BMI, and renal function were adjusted to reflect the characteristics of HC and LC group in our study, thus generating a model specific to PJI patients. The model was then validated using Css data obtained from our PJI patient cohort. Following validation, the PBPK model was employed to predict vancomycin concentration-time profiles in kidney and bone marrow. Verification of the established PBPK model was primarily based on AUC0-t and Cmax were predicted and compared with published data. The predicted mean population PK parameters of the drug should fall within 70%–130% of the observed values.
2.5 Data analyses
Continuous characteristics of patients are presented using measures of the central tendency, mean of normally distributed data, or median for skewed data as assessed using Shapiro-Wilks test, and variability was estimated using variance or interquartile range accordingly. Baseline demographic and clinical characteristics between high trough and low trough patients were compared using Mann-Whitney test. Categorical variables were analysed using a chi-square or Fisher’s exact test, and continuous variables were analysed using Student’s t-test or a Mann–Whitney test for parametric or nonparametric variables, respectively. The statistical significance level was set at P < 0.05. We used inverse probability of treatment weighting (IPTW) to adjust for confounding due to differences between the groups, assigning a weight of mean of propensity scores (PS)/PS for the HC group and (1 - means of PS)/(1 - PS) for the LC group, where PS is the probability that each individual will be assigned to the older group. We computed the standardized mean difference to assess the balance of variables; we confirmed the standardized mean difference to be <0.1 for all matching variables except for age and CrCl. We analysed the differences for the categorical and continuous variables between the two groups using a weighted Wilcoxon test and a weighted t-test, respectively.
3 RESULTS
3.1 Patients’ clinical characteristics
A total of 176 patients from othorpedic surgery ward were screened for analysis, Patients with at least one vancomycin Css outside the therapeutic window, those with non-PJI infections, and individuals with PJI caused by fungi or gram-negative bacteria were excluded (Figure 1). 37 patients were included in the final analysis, with 23 patients (62.16%) classified as the HC group and 14 patients (37.84%) classified as the LC group (Table 1). The average age of patients in the HC group was 72.61 years, significantly higher than the 54.86 years observed in the LC group (P < 0.05). No statistically significant differences were found between the two groups in terms of body mass index (BMI), gender, history of diabetes, or smoking history.
[image: Figure 1]FIGURE 1 | Flow chart of the selection process for study.
TABLE 1 | Patients’ clinical characteristics.
[image: Table 1]AT the time admission, the average baseline CrCl of HC group was 71.87 mL/(min×1.73 m2), compared with 111.1 mL/(min×1.73 m2) of the LC group (P = 0.001). Baseline serum levels of TB, AST, ALT, as well as CRP, ESR, WBC were found with no significant difference. The surgical approaches were also comparable between the two groups (P > 0.05). The main pathogenic microorganisms identified in the HC group included Staphylococcus (56.52%) and Streptococcus (13.04%). While the types of main pathogens in the LC group were similar, the overall positive culture rate was lower (26.3% vs. 73.9%, P = 0.038).
3.2 Vancomycin Css and AUC/MIC
During the hospital stay, the average Css in the HC group was 17.74 μg/mL, compared to 12.11 μg/mL in the LC group, indicating a statistically significant difference (P < 0.05). The AUC/MIC value in the HC group was 630.2, and that in the LC group was 450.8, presenting a statistically significant difference (P < 0.05). The mean AUC/MIC ratio for both groups reached the effectiveness level recommended by the guidelines which is ≥400. Nevertheless, there was no statistically significant difference in the duration of vancomycin therapy and daily dosages between the two groups (Table 2). The duration of treatment for patients in the HC group ranged from 6 to 49 days, while for those in the LC group, it ranged from 6 to 46 days. The MICs of vancomycin for each strain were recorded in Table 3.
TABLE 2 | Parameters related with vancomycin therapy.
[image: Table 2]TABLE 3 | The MICs of vancomycin for each strain.
[image: Table 3]3.3 Evaluation of clinical effectiveness
Patients were followed up for at least 2 years after revision surgery. In the HC group, the average follow-up time was 28.57 months, whereas the LC group had a significantly longer follow-up time of 45.29 months (P < 0.05). Two patients (5.40%) expired in the HC group, one at 47 months post-discharge and the other at 15 months post-discharge. Both patients were died from heart failure. One patient (2.7%) in HC group was re-admitted for joint fusion due to recurrent infections.
Table 4 indicates that at admission, baseline WOMAC, SF-12, and HSS scores differed significantly between groups, with the HC group exhibiting poorer joint function and quality of life. This trend persisted at follow-up visits, although both groups demonstrated improvements in these scores. Specifically, the WOMAC score for the HC group was 18 (13.0, 18.0), significantly higher than the LC group at 7 (5.3, 8.8) (P = 0.001). The SF-12 score for the HC group was 33 (Thabit et al., 2019; He et al., 2021), lower than the 38 (37.75, 40) observed in the LC group (P = 0.001). The HSS score for the HC group was 73.0 (65.5, 83.5), while the LC group scored 85.0 (85.0, 90.0), showing a statistically significant difference (P = 0.038). The Harris scores for the high and low concentration groups were 83.0 (83.0, 84.0) and 87.0 (82.0, 91.0), respectively, with no statistically significant difference (P = 0.150).
TABLE 4 | Comparison of WOMAC, SF-12, Harris, HSS scores and synovial WBC counts, PMN% in two groups.
[image: Table 4]At discharge, inflammatory indicators were compared between the two groups. In the HC group, 14 patients (60.87%) had normal CRP levels (≤10 mg/L), compared to 11 patients (78.57%) in the LC group, with no significant difference (P = 0.307). Regarding normal ESR levels (≤30 mm/h), eight patients (34.78%) in the HC group had normal levels, versus six patients (42.86%) in the LC group, again showing no statistically significant difference (P = 0.732).
At discharge, serum WBC levels were normal in both groups, 5.64 (5.03, 6.47) vesus 5.19 (3.92, 6.50) for HC and LC group, respectively, without a statistically significant difference (P = 0.526). Additionally, the length of hospital stay did not differ significantly between the groups, with the HC group averaging 27.0 (19.0, 37.0) days compared to 20.5 (17.25, 26.25) days in the LC group (P = 0.109).
Before the initiation of vancomycin therapy, a significant difference was observed in the synovial WBC count between the two groups. The median count in the HC group was 45,050/μL (28,513, 66,016), which was higher than the 32,524/μL (32,524, 33,705) in the LC group (P = 0.026). At discharge, the synovial WBC count in the HC group decreased to 5,481/μL (1,774, 5,481), lower than the 7,106/μL (5,474, 7,106) observed in the LC group (P = 0.009), indicating a more pronounced reduction. However, no significant differences in synovial PMN (%) were noted between the HC and LC groups during hospitalization (Table 4).
Patients were grouped according to the site of PJI infection (knee joint and hip joint). At both admission and the end of follow-up, the HC patients exhibited relatively poorer joint function and quality of life compared with LC patients (HC patients with knee infection had worse WOMAC and HSS scores, while HC patients with hip infection had worse WOMAC and SF-12 scores). HC patients with both hip and knee infection had higher white blood cell counts at admission and showed a greater reduction at discharge compared with the LC patients (data not shown).
After inverse probability of treatment weighting (IPTW) adjustment, no statistically significant differences were observed between the two groups in the upon discharge of the synovial WBC count, the at administration of SF12 score and synovial PMN (%) (P > 0.05). Significant differences emerged in: WOMAC scores at admission and follow-up (P = 0.001), with the HC group showing higher than the LC group; follow-up SF-12 scores (P = 0.001), where the LC group was significantly higher; at-admission synovial WBC counts (P = 0.002), with higher in the HC group; PMN% upon discharge (P = 0.003), demonstrating lower in the HC group compared to the LC group.
3.4 Evaluation of drug safety
During hospitalization, DILI was noted in two patients (8.70%) in high concentration group, similar to that of the low group (1 patient, 7.14%) (P > 0.999). In the high concentration group, five patients (21.73%) experienced AKI, while only one patient (7.14%) in the low concentration group was reported; however, this difference was not statistically significant (P = 0.376). Regarding leukopenia, three patients (13.04%) in the high concentration group and four patients (28.57%) in the low concentration group were affected (P = 0.390). Both groups had three patients who required discontinuation of vancomycin therapy due to adverse drug reactions, representing 13.04% in the high concentration group and 21.43% in the low concentration group, with no significant difference (P = 0.653).
3.5 Prediction of vancomycin distribution in bone marrow and kidney using a PBPK model
A PBPK model for intravenous vancomycin administration in U.S. population was first developed (Figure 2). The simulated PK profiles profiles closely matched the observed results from clinical trial data (Cutler et al., 1984), with AUC0-t and Cmax P/O ratio of 1.30 and 0.92, suggesting that the current assumptions of the vancomycin PBPK model are accurate. The model was then adapted to Chinese young adults. The plasma concentration-time profile predicted by the PBPK model for this population following intravenous vancomycin administration showed good agreement with the observed data, the AUC0-t and Cmax P/O ratio were 1.31 and 1.06 (Figure 2). Building on this PBPK model, physiological parameters were further adjusted to reflect the characteristics of HC and LC group in our study. The vancomycin concentration-time profiles in HC and LC group treated with multiple intravenous injections (1,000 mg per 12 h) were predicted. The Css P/O radio of HC and LC group were 0.99 and 1.04, respectively, indicating that the PBPK model was also able to accurately simulate the plasma concentration-time profiles of vancomycin under multiple dosing conditions, consistent with the treatment regimen used in our patient cohort (Figure 2).
[image: Figure 2]FIGURE 2 | Model simulations of vancomycin concentration-time profiles from four studies in the training dataset: (A) Observed and PBPK model simulated vancomycin plasma concentrations after a single 1,000 mg intravenous dose in a young US population. (B) Observed and PBPK model simulated vancomycin plasma concentrations after a single 1,000 mg intravenous dose in a young Chinese population. (C) Observed and PBPK model simulated vancomycin plasma concentrations after multiple 1,000 mg doses every 12 h in the HC group. (D) Observed and PBPK model simulated vancomycin plasma concentrations after multiple 1,000 mg doses every 12 h in the LC group.
We utilized the model to predict vancomycin concentrations in the red marrow, yellow marrow, and kidney (Figure 3). The results revealed that the HC group exhibited higher concentrations in both the bone marrow and kidney compared to the LC group. For red marrow, the vancomycin concentration in the HC group ranged from 20.66 to 27.34 μg/mL, while in the LC group, it ranged from 14.34 to 21.03 μg/mL. The concentration range in yellow marrow was similar to that of red marrow, with the HC group showing concentrations between 19.69 and 26.73 μg/mL, and the LC group between 13.58 and 20.47 μg/mL. In the kidney, the vancomycin concentration range for the HC and LC groups were 376.2–455.3 μg/mL and 327.7–432.9 μg/mL, respectively.
[image: Figure 3]FIGURE 3 | The model to predict vancomycin concentrations in the red marrow, yellow marrow and kidney: (A) Observed and PBPK model simulated concentrations in plasma, red marrow, and yellow marrow in the HC group. (B) Observed and PBPK model simulated concentrations in plasma, red marrow, and yellow marrow in the LC group. (C) Observed and PBPK model simulated concentrations in plasma and kidney in the HC group. (D) Observed and PBPK model simulated concentrations in plasma and kidney in the LC group.
4 DISCUSSION
To our knowledge, this is the first study to evaluate the effectiveness and safety of vancomycin therapy in PJI patients within two trough serum concentration ranges: low (10–15 μg/mL) and high (15–20 μg/mL). Our findings show that patients in the 15–20 μg/mL range demonstrated a greater reduction in synovial WBC count at discharge and a higher AUC/MIC value. Improvements in WOMAC, SF-12, or HSS scores were made, but no significance was noted as compared to those in the 10–15 μg/mL range. When analyzed separately by hip and knee joint cohorts, no statistically significant differences in synovial WBC counts were observed between admission and discharge (p > 0.05 for all comparisons). This absence of significance may be attributable to reduced statistical power resulting from diminished sample sizes in subgroup analyses. Following IPTW adjustment, certain parameters exhibited altered significance levels, but the overall trends remained consistent with and supportive of our primary conclusions. A comparative analysis of patients with different infection sites revealed no significant differences in final clinical outcomes between those with knee and hip joint infections, indicating that the anatomical location of infection has limited influence on treatment efficacy. Mortality and infection recurrence rates did not differ between the groups, nor did the incidence of adverse effects, including AKI, DILI, and leukopenia. Together, these findings suggest that while vancomycin Css levels of 10–20 μg/mL are generally effective and safe for PJI treatment, maintaining levels within 15–20 μg/mL may enhance infection control for for severe cases of PJI patients who present with higher synovial WBC account, without compromising patient’s safety, joint function or long-term quality of life.
Guidelines currently emphasize an AUC/MIC ratio of ≥400 as the key pharmacokinetic/pharmacodynamic (PK/PD) indicator of vancomycin effectiveness and recommend serum trough levels of 15–20 μg/mL as a surrogate marker for serious infections due to MRSA (22), the clinical benefits of maintaining higher vancomycin trough values in PJI cases have not been well documented. Moreover, Current vancomycin exposure effectiveness data originated largely from studies of bacteremia, pneumonia and infective endocarditis and none for PJI therapy. Treating PJI poses unique challenges due to the need for antibiotics to penetrate bone and synovial tissues, where biofilms with high antibiotic tolerance are common (Chapman et al., 2024). Pharmacokinetic studies have shown that vancomycin has limited penetration into bone and joint tissues, with a reported bone-to-plasma concentration ratio of 0.21–0.45 (Bue et al., 2018; Thabit et al., 2019; Graziani et al., 1988).
Some studies have explored methods to increase local vancomycin levels, such as direct intra-articular injection (He et al., 2021; Abuzaiter et al., 2023) and application of vancomycin powder at the surgical site (Ushirozako et al., 2021; Harper et al., 2023). However, the effectiveness and risks of these approaches remain debated, with intravenous route remaining the cornerstone of PJI treatment. Long-term vancomycin therapy, especially at higher trough concentrations, has been associated with risks such as nephrotoxicity and ototoxicity, particularly in elderly patients. Nevertheless, few studies have explored the impact of different vancomycin serum concentration ranges on PJI infection control, quality of life, and joint function over long-term follow-up. It remains unclear whether maintaining Css levels between 15 and 20 μg/mL, as opposed to 10–15 μg/mL, would confer additional benefits in terms of effectiveness and safety for PJI patients.
This study observed that, before initiating vancomycin treatment, patients in the high concentration group had a significantly elevated baseline synovial WBC count compared to those in the low concentration group. By discharge, however, the high concentration group demonstrated a notably lower synovial WBC count than the low concentration group, suggesting a more substantial reduction in inflammation. PBPK model revealed an approximately 20% higher vancomycin concentration in the bone marrow of the HC group compared to the LC group. Previous research has shown a strong and persistent upregulation of the proinflammatory environment in the joint-surrounding osseous scaffold in patients with PJI (Biedermann et al., 2023), suggesting that higher drug distribution to bone may contribute to more effective infection control. Maintaining vancomycin concentrations within the range of 15–20 μg/mL is associated with higher vancomycin levels in bone marrow, which may enhance inflammation resolution at the infection site and reduce the risk of infection recurrence. Based on these findings, maintaining a steady-state vancomycin concentration of 15–20 μg/mL may benefit patients with more severe PJI infections, particularly those with higher synovial WBC counts. This strategy could facilitate more rapid infection control, as defined by the Musculoskeletal Infection Society criteria.
A worse baseline renal function with a higher age was found with the HC group before initiation of vancomycin therapy, which may explain the increased drug exposure during the treatment. The age difference may also contribute to difference in baseline scores on the WOMAC, SF-12, and HSS assessments before vancomycin therapy. Notably, despite the renal functioning differences, the incidence of AKI did not differ between groups, indicating that vancomycin trough concentrations of 15–20 μg/mL remain relatively safe for elderly PJI patients with reduced renal function during hospital stay. The PBPK model predictions for PJI patients indicate that vancomycin concentrations in the kidneys differ by only 5%–15% between the HC and LC groups. This small difference may help explain the similar incidence of AKI observed between the two groups. Our findings are consistent with Yan’s study which demonstrated no increase in incidence of vancomycin induced AKI among a higher percentage of patients achieving a Css level of 15–20 μg/mL (Wei et al., 2023). This further supports the safety profile of vancomycin in this specific population.
Recently, AUC values (assuming a MICBMD of 1 mg/L) have been recommended to be maintained between 400 and 600 mg h/L to maximize effectiveness and minimize the likelihood of AKI. However, Casapao reported (Casapao et al., 2015) a significantly higher incidence of vancomycin treatment failure in patients with MRSA infective endocarditis when their AUC/MIC ratio was ≤600. And another systematic review (Aljefri et al., 2019) showed that AUC > 650 mg h/L was associated with a higher risk of nephrotoxicity. In this study, our findings showed when the AUC for vancomycin concentrations remained between 600 and 650 mg h/L, effective infection control was achieved in PJI patients without increasing the risk of AKI.
Follow-up results indicated that two patients in the high concentration group passed away. One patient, aged 98 at admission had concomitant disease including cerebrovascular disease, myocardial infarction, and pulmonary emphysema, reflecting generally poor health. The other patient, aged 81 at admission, had a history of atrial fibrillation. Both patients were elderly with chronic health conditions, and ultimately, both deaths were attributed to cardiovascular and cerebrovascular diseases.
This study had several limitations. First, this is a retrospective, single-center study with relatively small sample size which may limit result generalizability. Second, most patients in both groups were elderly with multiple comorbidities and on polypharmacy, complicating the assessment of other medications’ impact on AKI and DILI outcomes. Third, although there was no statistically significant difference in AKI incidence between the two groups, the high concentration group showed a trend toward a higher incidence of AKI compared to the low concentration group. Therefore, the impact of maintaining a higher concentration on kidney function warrants further investigation.
5 CONCLUSION
This study provides evidence that achieving a serum trough vancomycin concentration of 15–20 μg/mL may improve infection control for PJI patients who present with higher synovial WBC account, without adversely affecting safety, joint function, or long-term quality of life. Future research should focus on larger randomized controlled trials with extended follow-up periods to further clarify the effectiveness and safety of maintaining vancomycin Css levels between 15 and 20 μg/mL for PJI patients.
DATA AVAILABILITY STATEMENT
The raw data supporting the conclusion of this article will be made available by the authors, without undue reservation.
ETHICS STATEMENT
The studies involving humans were approved by The Ethical Committee of the First Affiliated Hospital of Chongqing Medical University. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation was not required from the participants or the participants’ legal guardians/next of kin because This study is a retrospective study and is exempt from informed consent. No potentially identifiable images or data are presented in this study.
AUTHOR CONTRIBUTIONS
JC: Writing–original draft, Writing–review and editing. DW: Writing–original draft. YC: Writing–review and editing. QZ: Writing–original draft. QO: Writing–original draft. LZ: Writing–review and editing. XL: Supervision, Writing–original draft, Writing–review and editing.
FUNDING
The author(s) declare that financial support was received for the research and/or publication of this article. This work was supported by grants from Scientific and Health Joint Medical Research Project of Chongqing (2024MSXM042) to XL.
GENERATIVE AI STATEMENT
The author(s) declare that no Generative AI was used in the creation of this manuscript.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Abuzaiter, W., Bolton, C. A., Drakos, A., Drakos, P., Hallan, A., Warchuk, D., et al. (2023). Is topical vancomycin an option? A randomized controlled trial to determine the safety of the topical use of vancomycin powder in preventing postoperative infections in total knee arthroplasty, as compared with standard postoperative antibiotics. J. Arthroplasty 38 (8), 1597–1601.e1. doi:10.1016/j.arth.2023.01.040
 Aljefri, D. M., Avedissian, S. N., Rhodes, N. J., Postelnick, M. J., Nguyen, K., and Scheetz, M. H. (2019). Vancomycin area under the curve and acute kidney injury: a meta-analysis. Clin. Infect. Dis. 69 (11), 1881–1887. doi:10.1093/cid/ciz051
 Al-Maqbali, J. S., Shukri, Z. A., Sabahi, N. A., Al-Riyami, I., and Al, A. A. (2022). Vancomycin therapeutic drug monitoring (tdm) and its association with clinical outcomes: a retrospective cohort. J. Infect. Public Health 15 (5), 589–593. doi:10.1016/j.jiph.2022.04.007
 Al-Mazraawy, B. O., and Girotto, J. E. (2021). Comparing vancomycin area under the curve with a pharmacist protocol that incorporates trough and maximum doses at a children's hospital. J. Pediatr. Pharmacol. Ther. 26 (7), 740–745. doi:10.5863/1551-6776-26.7.740
 Álvarez, R., López Cortés, L. E., Molina, J., Cisneros, J. M., and Pachón, J. (2016). Optimizing the clinical use of vancomycin. Antimicrob. Agents Chemother. 60 (5), 2601–2609. doi:10.1128/AAC.03147-14
 Belden, K., Cao, L., Chen, J., Deng, T., Fu, J., Guan, H., et al. (2019). Hip and knee section, fungal periprosthetic joint infection, diagnosis and treatment: proceedings of international consensus on orthopedic infections. J. Arthroplasty 34 (2S), S387–S391. doi:10.1016/j.arth.2018.09.023
 Biedermann, L., Bandick, E., Ren, Y., Tsitsilonis, S., Donner, S., Müller, M., et al. (2023). Inflammation of bone in patients with periprosthetic joint infections of the knee. JB JS Open Access 8 (1), e22.00101. doi:10.2106/JBJS.OA.22.00101
 Bue, M., Tottrup, M., Hanberg, P., Langhoff, O., Birke-Sorensen, H., Thillemann, T. M., et al. (2018). Bone and subcutaneous adipose tissue pharmacokinetics of vancomycin in total knee replacement patients. Acta Orthop. 89 (1), 95–100. doi:10.1080/17453674.2017.1373497
 Casapao, A. M., Lodise, T. P., Davis, S. L., Claeys, K. C., Kullar, R., Levine, D. P., et al. (2015). Association between vancomycin day 1 exposure profile and outcomes among patients with methicillin-resistant staphylococcus aureus infective endocarditis. Antimicrob. Agents Chemother. 59 (6), 2978–2985. doi:10.1128/AAC.03970-14
 Chanapiwat, P., Paiboonvong, T., Rattanaumpawan, P., and Montakantikul, P. (2023). Comparison of the mathematical equation and trapezoidal approach for 24 h area under the plasma concentration-time curve calculation in patients who received intravenous vancomycin in an acute care setting. Pharmacol. Res. Perspect. 11 (1), e01046. doi:10.1002/prp2.1046
 Chapman, J. E., George, S. E., Wolz, C., and Olson, M. E. (2024). Biofilms: a developmental niche for vancomycin-intermediate staphylococcus aureus. Infect. Genet. Evol. 117, 105545. doi:10.1016/j.meegid.2023.105545
 Chuma, M., Makishima, M., Imai, T., Tochikura, N., Suzuki, S., Kuwana, T., et al. (2018). Relationship between initial vancomycin trough levels and early-onset vancomycin-associated nephrotoxicity in critically ill patients. Ther. Drug Monit. 40 (1), 109–114. doi:10.1097/FTD.0000000000000459
 Cutler, N. R., Narang, P. K., Lesko, L. J., Ninos, M., and Power, M. (1984). Vancomycin disposition: the importance of age. Clin. Pharmacol. Ther. 36 (6), 803–810. doi:10.1038/clpt.1984.260
 Drago, L., Clerici, P., Morelli, I., Ashok, J., Benzakour, T., Bozhkova, S., et al. (2019). The world association against infection in orthopaedics and trauma (waiot) procedures for microbiological sampling and processing for periprosthetic joint infections (pjis) and other implant-related infections. J. Clin. Med. 8 (7), 933. doi:10.3390/jcm8070933
 Du, H., Chen, T., Zhang, W., Tan, L., Li, Z., Liu, W., et al. (2018). Development of physiologically based pharmacokinetic modeling of vancomycin in healthy populations and tissue distribution prediction. Zhongguo yaolixue yu dulixue zazhi 32 (3), 201. doi:10.3867/j.issn.1000-3002.2018.03.006
 Du, H., Li, Z., Yang, Y., Li, X., Wei, Y., Lin, Y., et al. (2020). New insights into the vancomycin-induced nephrotoxicity using in vitro metabolomics combined with physiologically based pharmacokinetic modeling. J. Appl. Toxicol. 40 (7), 897–907. doi:10.1002/jat.3951
 Graziani, A. L., Lawson, L. A., Gibson, G. A., Steinberg, M. A., and MacGregor, R. R. (1988). Vancomycin concentrations in infected and noninfected human bone. Antimicrob. Agents Chemother. 32 (9), 1320–1322. doi:10.1128/AAC.32.9.1320
 Harper, K. D., Park, K. J., Brozovich, A. A., Sullivan, T. C., Serpelloni, S., Taraballi, F., et al. (2023). Otto aufranc award: intraosseous vancomycin in total hip arthroplasty - superior tissue concentrations and improved efficiency. J. Arthroplasty 38 (7S), S11–S15. doi:10.1016/j.arth.2023.04.028
 He, J., Wang, J., Cao, L., Zhang, X., Li, G., Xu, B., et al. (2021). Serum and synovial vancomycin concentrations in patients with prosthetic joint infection after intra-articular infusion. Eur. J. Drug Metab. Pharmacokinet. 46 (5), 637–643. doi:10.1007/s13318-021-00705-0
 He, N., Su, S., Ye, Z., Du, G., He, B., Li, D., et al. (2020). Evidence-based guideline for therapeutic drug monitoring of vancomycin: 2020 update by the division of therapeutic drug monitoring, Chinese pharmacological society. Clin. Infect. Dis. 71 (Suppl. 4), S363–S371. doi:10.1093/cid/ciaa1536
 Hou, Y., Ren, J., Li, J., Jin, X., Gao, Y., Li, R., et al. (2021). Relationship between mean vancomycin trough concentration and mortality in critically ill patients: a multicenter retrospective study. Front. Pharmacol. 12, 690157. doi:10.3389/fphar.2021.690157
 Hsu, A. J., Hamdy, R. F., Huang, Y., Olson, J. A., Ghobrial, S., Gerber, J. S., et al. (2018). Association between vancomycin trough concentrations and duration of methicillin-resistant staphylococcus aureus bacteremia in children. J. Pediatr. Infect. Dis. Soc. 7 (4), 338–341. doi:10.1093/jpids/pix068
 Leta, T. H., Lie, S. A., Fenstad, A. M., Lygre, S. H. L., Lindberg-Larsen, M., Pedersen, A. B., et al. (2024). Periprosthetic joint infection after total knee arthroplasty with or without antibiotic bone cement. Jama Netw. Open 7 (5), e2412898. doi:10.1001/jamanetworkopen.2024.12898
 Moriyama, H., Tsutsuura, M., Kojima, N., Mizukami, Y., Tashiro, S., Osa, S., et al. (2021). The optimal trough-guided monitoring of vancomycin in children: systematic review and meta-analyses. J. Infect. Chemother. 27 (5), 781–785. doi:10.1016/j.jiac.2021.01.015
 Patel, R. (2023). Periprosthetic joint infection. N. Engl. J. Med. 388 (3), 251–262. doi:10.1056/NEJMra2203477
 Peng, H., Zhou, Z., Xu, P., Wang, F., Zhu, Q., Xia, Y., et al. (2023). Description of surgical treatment methods of hip and knee periprosthetic joint infections in the Chinese mainland: a national multi-centre survey. Int. Orthop. 47 (6), 1423–1431. doi:10.1007/s00264-023-05796-9
 Prabaker, K. K., Tran, T. P. H., Pratummas, T., Goetz, M. B., and Graber, C. J. (2012). Elevated vancomycin trough is not associated with nephrotoxicity among inpatient veterans. J. Hosp. Med. 7 (2), 91–97. doi:10.1002/jhm.946
 Rybak, M. J., Le, J., Lodise, T. P., Levine, D. P., Bradley, J. S., Liu, C., et al. (2020). Therapeutic monitoring of vancomycin for serious methicillin-resistantstaphylococcus aureus infections: a revised consensus guideline and review by the american society of health-system pharmacists, the infectious diseases society of America, the pediatric infectious diseases society, and the society of infectious diseases pharmacists. Am. J. Health Syst. Pharm. 77 (11), 835–864. doi:10.1093/ajhp/zxaa036
 Schwarz, E. M., Parvizi, J., Gehrke, T., Aiyer, A., Battenberg, A., Brown, S. A., et al. (2019). 2018 international consensus meeting on musculoskeletal infection: research priorities from the general assembly questions. J. Orthop. Res. 37 (5), 997–1006. doi:10.1002/jor.24293
 Simon, S., Frank, B. J. H., Hartmann, S., Hinterhuber, L., Reitsamer, M., Aichmair, A., et al. (2022). Dalbavancin in gram-positive periprosthetic joint infections. J. Antimicrob. Chemother. 77 (8), 2274–2277. doi:10.1093/jac/dkac178
 Thabit, A. K., Fatani, D. F., Bamakhrama, M. S., Barnawi, O. A., Basudan, L. O., and Alhejaili, S. F. (2019). Antibiotic penetration into bone and joints: an updated review. Int. J. Infect. Dis. 81, 128–136. doi:10.1016/j.ijid.2019.02.005
 Ushirozako, H., Hasegawa, T., Yamato, Y., Yoshida, G., Yasuda, T., Banno, T., et al. (2021). Impact of intrawound vancomycin powder on prevention of surgical site infection after posterior spinal surgery. J. Neurosurg. Spine 34 (4), 656–664. doi:10.3171/2020.8.SPINE20992
 Viertel, K., Feles, E., Schulte, M., Annecke, T., and Mattner, F. (2023). Serum concentration of continuously administered vancomycin influences efficacy and safety in critically ill adults: a systematic review. Int. J. Antimicrob. Agents 62 (6), 107005. doi:10.1016/j.ijantimicag.2023.107005
 Wei, Y., Xiao Yan, S., Meng, W., Fei Fan, Z., and Qing Tao, Z. (2023). Clinical evaluation of a vancomycin dosage strategy based on a serum trough concentration model in elderly patients with severe pneumonia. Biomed. Environ. Sci. 36 (5), 397–405. doi:10.3967/bes2023.049
 Weinstein, E. J., Stephens-Shields, A. J., Newcomb, C. W., Silibovsky, R., Nelson, C. L., O'Donnell, J. A., et al. (2023). Incidence, microbiological studies, and factors associated with prosthetic joint infection after total knee arthroplasty. Jama Netw. Open 6 (10), e2340457. doi:10.1001/jamanetworkopen.2023.40457
 Woldu, H., and Guglielmo, B. J. (2018). Incidence and risk factors for vancomycin nephrotoxicity in acutely ill pediatric patients. J. Pharm. Technol. 34 (1), 9–16. doi:10.1177/8755122517747088
 Xu, Z., Huang, C., Lin, Y., Chen, Y., Fang, X., Huang, Z., et al. (2022). Clinical outcomes of culture-negative and culture-positive periprosthetic joint infection: similar success rate, different incidence of complications. Orthop. Surg. 14 (7), 1420–1427. doi:10.1111/os.13333
 Yoon, H., Cho, S., Lee, D., Kang, B., Lee, S., Moon, D., et al. (2017). A review of the literature on culture-negative periprosthetic joint infection: epidemiology, diagnosis and treatment. Knee Surg. Relat. Res. 29 (3), 155–164. doi:10.5792/ksrr.16.034
 Zardi, E. M., and Franceschi, F. (2020). Prosthetic joint infection. A relevant public health issue. J. Infect. Public Health 13 (12), 1888–1891. doi:10.1016/j.jiph.2020.09.006
 Zhang, C. F., He, L., Fang, X. Y., Huang, Z. D., Bai, G. C., Li, W. B., et al. (2020). Debridement, antibiotics, and implant retention for acute periprosthetic joint infection. Orthop. Surg. 12 (2), 463–470. doi:10.1111/os.12641
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2025 Cheng, Wang, Chen, Zhao, Ou, Zhang and Li. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fphar-16-1555276-t002.jpg
Parameters

The duration of vancomycin therapy (day)
Average daily vancomycin dosage(g)
Steady-state vancomycin trough concentration (mg/L)

AUC/MIC

nificant difference, P < 0.05.

HC group (n = 23)

18.0 (14, 26)
20 (170, 2.0)
1774 + 148

6302 £ 2161

LC group (n = 14)
17.5 (105, 21.25)
2020,20)

1211 165

4508 + 1516

0.177

0307

0.001*

0.004*





OPS/images/fphar-16-1555276-t003.jpg
Microorganisms (%)

Methicillin-sensitive Staphylococcus epidermidis

Methicillin-resistant Staphylococcus epidermidis

Methi

n-sensitive Staphylococcus aureus

Methicillin-resistant Staphylococcus aureus
Sdysgalactiae equisimilis

streptococcus mitis

Enterococcus Faecium

1 pg/mL (n = 4)
1 pg/mL (n =4) 2 pg/mL (n = 1)
<05 pg/mL (n = 1) 1 pgmL (n = 1)
<05 pg/mL (n = 1) 1 pg/mL (n = 1)
<1 pg/ml (n =2)
<1 pgmL (n = 1)

1 pg/mL (n = 1)

0
1 pg/mL (n =2)
<05 pg/mL (n = 2) 1 pg/mL (n = 1)
0

0






OPS/images/fphar-16-1555276-g003.gif





OPS/images/fphar-16-1555276-t001.jpg
Character HC group LC group (n = 14)
Age (year) 7261 £ 12.66 5486 + 11.59 0.001
Man (%) 9 (39.13%) 8 (57.14%) 0328
BMI(Kg/m?) 2391 £ 353 2504 £373 0360
Hypertension 10 (43.48%) 5 (35.71%) 0.641
Cardiovascular diseases 7 (3043%) 3 (2143%) 0710
CoPD 5 (21.74%) 2 (1429%) 0575
diabetes 4(17.39%) 1(7.14%) 0377
CRP (mg/L) 23.80 (868, 42.90) 19.85 (432, 36.43) 0572
ESR (mm/h) 7243 £ 3525 56.07 £ 39.50 0.199
WBC (10°/L) 637 (524, 9.90) 670 (5.69, 8.99) 0957
i ALT (UIL) 210 (140, 27.0) 23 (13.25, 36.75) 0847
AST (U/L) 19 (150, 28.0) 19 (14,0, 23.5) 0614
TBil (umol/L) 9.80 (5.50, 11.70) 7.85 (5.5, 1233) 0817
CrCl mL/(minx1.73 m?) 7187 £ 26.69 1111 = 3466 0,001
TKA (%) 12 (52.18%) 7 (50.0%) 0999
THA (%) 11 (47.82%) 7 (50%) 0999
Patients categories - - 0999
Early PJI 9 (39.13%) 6 (42.86%)
Delayed PJI 11 (47.83%) 6 (42.86%)
Chronic PJI 3 (13.04%) 2 (14.28%)
Surgical procedure (%) — - 0921
DAIR 7 (30.34%) 4 (2858%)
One-stage revision 6 (26.09%) 5 (35.71%)
Two-stage revision 10 (43.57%) 5 (35.71%)
Microorganisms (%) 17 (73.9%) 5 (26.3%) 0038
Methicillin-sensitive Staphylococcus epidermidis 4(1739%) 0
Methicillin-resistant Staphylococcus epidermidis 5(21.74%) 2 (1429%)
Methicillin-sensitive Staphylococcus aureus 2(8.70%) 3 (2143%)
Methicillin-resistant Staphylococcus aureus 2 (8.70%) 0
Sudysgalactiae equisimilis 2 (870%) 0
streptococcus mitis 1 (4.35%) [
Enterococcus Faccium 1(435%) 0

BMI, body mass index; COPD,chronic obstructive pulmonary disease; *: significant difference (<0.05).






OPS/images/fphar-16-1555276-t004.jpg
Parameters

At admission

LC group
(n = 14)

Follow-up/Upon discharge

HC group LC group
(n =23) =14)

P
value

WOMAC 69.0 (61.0, 74.0) 430 (385, 563) 0.001* 0.001* 180 (130, 18.0) 7(53,88) 0.001* 0.001*
SE-12 290 + 4.82 340 +3.63 0.002 0.087 33 (31, 33) ‘ 38 (37.8, 40) 0.001* 0.001*
Harris 440 £7.98 450 £ 2.81 0774 83.0 (83.0, 84.0) ‘ 87.0 (820, 91.0) 0.150

Hss 37.0 £359 49.0 +3.93 0.001° 73.0 (655, 83.5) ‘ 85.0 (85.0, 90.0) 0.038*
Synovial WBC 45,050 (28,513, 32,524 (32524, 0.026* 0.002 SASI° (1,774, 5481) | 7106° (5,474, 7,106) [ 0.009* 0.087
count (/uL) 66,016) 33,705)
PMN % | 94% (94%, 96%) 94% (94%, 94%) 0300 0721 63%" (57%, 82%) ‘ 66%" (6%, 67%) 0359 0.003*

“Inverse Probability of Treatment Weighting.
bUpon discharge, *: significant difference, P < 0.05.





OPS/xhtml/nav.xhtml
Contents

		Cover

		High vs. low vancomycin therapeutic concentrations in periprosthetic joint infection: A retrospective cohort analysis		Objective

		Methods

		Results

		Conclusion

		1 Introduction

		2 Materials and methods		2.1 Patients selection

		2.2 Outcomes and covariates

		2.3 Data collection and organization

		2.4 Vancomycin physiologically based pharmacokinetic (PBPK) model construction, validation and prediction

		2.5 Data analyses





		3 Results		3.1 Patients’ clinical characteristics

		3.2 Vancomycin Css and AUC/MIC

		3.3 Evaluation of clinical effectiveness

		3.4 Evaluation of drug safety

		3.5 Prediction of vancomycin distribution in bone marrow and kidney using a PBPK model





		4 Discussion

		5 Conclusion

		Data availability statement

		Ethics statement

		Author contributions

		Funding

		Generative AI statement

		Publisher’s note

		References









OPS/images/cover.jpg
’ frontiers | Frontiersin Pharmacology

High vs. low vancomycin
therapeutic concentrations in
periprosthetic joint infection: A
retrospective cohort analysis





OPS/images/fphar-16-1555276-g001.gif
petd

oo s
ey

ectaed 0T
e g

P —

L=

s
fes

P
Tiniiines
B






OPS/images/fphar-16-1555276-g002.gif









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
& frontiers | Frontiers in Pharmacology





