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Background: Vancomycin remains the cornerstone antibiotic for the treatment of infective endocarditis (IE). Vancomycin has been associated with significant nephrotoxicity. However, vancomycin associated acute kidney injury (AKI) has not been evaluated in patients with IE. We conducted this large retrospective cohort study to reveal the incidence, risk factors, and prognosis of vancomycin-associated acute kidney injury (VA-AKI) in patients with IE.
Methods: Adult patients diagnosed with IE and receiving vancomycin were included. The primary outcome was VA-AKI.
Results: In total, 435 of the 600 patients were enrolled. Of these, 73.6% were male, and the median age was 52 years. The incidence of VA-AKI was 17.01% (74). Only 37.2% (162) of the patients received therapeutic monitoring of vancomycin, and 30 (18.5%) patients had reached the target vancomycin trough concentration. Multiple logistic regression analysis revealed that body mass index [odds ratio (OR) 1.088, 95% CI 1.004, 1.179], duration of vancomycin therapy (OR 1.030, 95% CI 1.003, 1.058), preexisting chronic kidney disease (OR 2.291, 95% CI 1.018, 5.516), admission to the intensive care unit (OR 2.291, 95% CI 1.289, 3.963) and concomitant radiocontrast agents (OR 2.085, 95% CI 1.093, 3.978) were independent risk factors for VA-AKI. Vancomycin variety (Lai Kexin vs. Wen Kexin, OR 0.498, 95% CI 0.281, 0.885) were determined to be an independent protective factor for VI-AKI. Receiver operator characteristic curve analysis revealed that duration of therapy longer than 10.75 days was associated with a significantly increased risk of VA-AKI (HR 1.927). Kidney function was fully or partially recovered in 73.0% (54) of patients with VA-AKI.
Conclusion: The incidence of VA-AKI in patients with IE was slightly higher than in general adult patients. Concomitant contrast agents were the most alarmingly nephrotoxic in patients with IE, adding a 2-fold risk of VA-AKI. In patients with IE, a course of vancomycin therapy longer than 10.75 days was associated with a significantly increased risk of AKI. Thus, closer monitoring of kidney function and vancomycin trough concentrations was recommended in patients with concurrent contrast or courses of vancomycin longer than 10.75 days.
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1 INTRODUCTION
Vancomycin is a glycopeptide antibiotic that is active against Gram-positive bacteria since its approval in 1958 (Rybak et al., 2009; He et al., 2020; Rybak et al., 2020). Vancomycin remains the cornerstone antibiotic for the treatment of infective endocarditis (IE) and is the drug of first choice for methicillin-resistant Staphylococcus aureus (MRSA) infection (Chinese Society of Cardiology, 2014; Habib et al., 2015; Nakatani et al., 2019). The recommended duration of vancomycin therapy for IE is 4–6 weeks, with a target trough concentration of 15–20 mg/L, according to clinical guidelines for IE and guidelines for therapeutic monitoring of vancomycin (Rybak et al., 2009; Chinese Society of Cardiology, 2014; Habib et al., 2015; Nakatani et al., 2019; He et al., 2020; Rybak et al., 2020). However, vancomycin has been associated with significant nephrotoxicity. The incidence of vancomycin-associated acute kidney injury (VA-AKI) ranges from as low as 0% in the absence of concurrent risk factors to 43% (Filippone et al., 2017). Vancomycin is the second most common drug causing drug-induced hospital-acquired acute kidney injury (AKI) in China (Liu et al., 2021). Numerous risk factors have been defined for developing VA-AKI in patients receiving vancomycin, including maximal dose, duration of therapy, concomitant diseases, concomitant nephrotoxic drugs (Filippone et al., 2017; Jeffres, 2017; Kunming et al., 2021). Duration of vancomycin tended to be associated with an increased risk of AKI, and significantly positive durations include ≥7 days, ≥14 days and >15 days (Filippone et al., 2017; Kunming et al., 2021). The mechanism of vancomycin nephrotoxicity is dose dependent, thus high vancomycin target trough concentrations will increase the risk of AKI (Filippone et al., 2017; Jeffres, 2017). The recommended duration of vancomycin therapy for IE is 4–6 weeks, with a target trough concentration of 15–20 mg/L, which we hypothesized would result in an increased risk of VA-AKI in patients with IE. A small sample size retrospective study included 71 patients receiving vancomycin and showed that IE was significantly associated with an increased incidence of VA-AKI (OR = 7.63, 1.02–57.31) (Barberan et al., 2019).
IE is a rare infectious disease, but with high mortality and poor prognosis. The annual incidence ranges from 3 to 7 per 100,000 person-years in the most contemporary population surveys (Baddour et al., 2015). AKI is a common complication of IE and occurs in about 30% of patients (Chinese Society of Cardiology, 2014). Effective antimicrobial therapy such as vancomycin may reduce the complications of IE and the risk of progression to the need for surgery (Chinese Society of Cardiology, 2014; Baddour et al., 2015; Habib et al., 2015).
Gagneux-Brunon A. et al. described the frequency and risk factors for AKI during the course of IE in 112 patients and showed that vancomycin exposure was independently associated with AKI with an odds ratio of 1.084 (1.084–16.2) (Gagneux-Brunon et al., 2019). Similar results were obtained by Legrand M. et al. in their analysis of post-operative AKI following cardiac surgery for active IE, the use of vancomycin was found to be significantly associated with kidney function impairment (OR: 2.63, 2.07–3.34, p < 0.001) (Legrand et al., 2013). The results of most studies tended to support that vancomycin would increase the risk of AKI in patients with IE, however, vancomycin was not always a significant risk factor for AKI in patients with IE (Goenaga Sanchez et al., 2017; Ritchie et al., 2017). Ritchie, B. M., et al. evaluated AKI in 211 patients with IE, and multivariate analysis showed that vancomycin combined with aminoglycosides was significantly associated with an increased risk of kidney failure in patients with bacterial endocarditis, whereas vancomycin alone did not significantly increase the risk (Ritchie et al., 2017). Whether vancomycin increases the risk of AKI in patients with IE remains a minor controversy.
Vancomycin is associated with significant nephrotoxicity, and the risk will be further increased by the long course of treatment and high trough concentrations. Meanwhile, AKI is one of the common complications of IE. Therefore, the risk of AKI in patients with IE who are treated with vancomycin would be of great concern. VA-AKI is associated with prolonged hospital stays, the need for additional antibiotic therapy, and, in rare cases, dialysis treatment, as well as increased medical costs and mortality (Jeffres, 2017). Based on a comprehensive literature search, there are no published studies assessing the characteristics of VA-AKI in this specific group of patients with IE. We conducted this large retrospective cohort study to reveal the incidence, risk factors, and prognosis of VA-AKI in patients with IE in order to provide a clinical reference for the prevention and reduction of VA-AKI in patients with IE.
2 METHODS
2.1 Study design and patients
This was a retrospective observational cohort study conducted at Zhongshan Hospital of Fudan University, a 2005-bed top-tier general teaching hospital in China. This study was reviewed and approved by the Ethics Committee of Zhongshan Hospital, Fudan University (Shanghai, China, approval number: B2019-194 (2)), and no consent was needed. The study is reported according to Strengthening The Reporting of Observational Studies in Epidemiology (STROBE) guidelines (von Elm et al., 2007). All consecutive adult (≥18 years) patients admitted between January 2016 and June 2019 with a diagnosis of IE according to the modified Duke criteria (Chinese Society of Cardiology, 2014; Baddour et al., 2015; Habib et al., 2015) and received vancomycin anti-infective therapy were included. Patients were excluded if: 1) they had chronic kidney disease (CKD) stage 5 or were on regular dialysis. 2) their baseline serum creatinine (SCr) was ≥4 mg/dL (353.6 μmol/L). 3) they had AKI at admission. 4) they had a history of nephrectomy, kidney transplantation, or sole kidney. 5) their vancomycin administration was not intravenous. 6) they received less than 4 doses of vancomycin. 7) their SCr measurement was insufficient to determine whether AKI had developed (SCr was not measured within 7 days before receiving vancomycin, or SCr was not measured within 7 days after stopping vancomycin, or SCr was not measured within 7 days before receiving and after stopping vancomycin, or SCr was measured before receiving and after stopping vancomycin, but the interval was longer than 7 days, so as not be able to assess the occurrence of acute kidney injury).
2.2 Data collection
Data were collected from the hospital’s electronic database between December 2021 and November 2022 using a standardized case report form. Patient information was anonymized by a researcher not involved in the study. Patients were not followed up after discharge. The following variables were collected: demographic information, concomitant underlying diseases, severity of disease, vancomycin exposure, vancomycin variety (Laikexin vs. Wenkexin; trade name: Laikexin, generic name: Vancomycin Hydrochloride for Injection, manufacturers: Zhejiang Medicine Co., Ltd. Xinchang Pharmaceutical Factory, China, specification: 500 mg/bottle; trade name: Wenkexin, generic name: Vancomycin HydrochlorPide for Injection, manufacturer: VIANEX S.A. (PLANT C), Greece, specification: 500 mg/bottle), therapeutic drug monitoring (TDM) during hospitalization, and concomitant nephrotoxic drugs. The detailed items of data collection are presented in Table 1. Missing values were filled using the median. We used the 2012 Kidney Disease: Improving Global Outcomes (KDIGO) Clinical practice guideline for AKI to define and stage AKI, e.g., an increase in SCr by ≥ 0.3 mg/dL (≥26.5 μmol/L) within 48 h or an increase in SCr to ≥1.5 times baseline, which was known or presumed to have occurred within the prior 7 days (Khwaja A., 2012). AKI severity was described by the highest stage of AKI (1, 2, or 3) and receipt of renal replacement therapy (RRT), according to the KDIGO criterion. Preexisting CKD is defined as an estimated glomerular filtration rate (eGFR) of less than 60 mL/(min·1.73 m2) (Calculated by the formula of the Chronic Kidney Disease Epidemiology Collaboration equation, CKD-EPI). TDM is prescribed by clinicians based on their own experience. Nephrotoxic drugs were documented as loop diuretics, aminoglycosides, cephalosporins, carbapenems, renin-angiotensin system blockers, radiocontrast agents and non-steroidal anti-inflammatory drugs.
TABLE 1 | Demographic information, clinical characteristics, medication exposure of patients with and without VA-AKI.
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The primary outcome measure was VA-AKI, defined as patients who developed AKI during vancomycin therapy or within 48 h of vancomycin discontinuation. For patients who developed AKI, we further evaluated the 30-day morbidity and recovery of kidney function. Kidney recovery was categorized into three levels: full recovery, partial recovery, and failure to recover. We defined full recovery as a decrease in SCr to baseline at discharge. We defined partial recovery as a decrease in SCr of 25% or more from the peak concentration, but still above baseline. We defined failure to recover as the patient remaining dependent on dialysis or SCr decreasing by less than 25% from peak concentration until discharge (Yang et al., 2015; Pan et al., 2017; Pan et al., 2018).
2.4 Data analysis
We used the Kolmogorov-Smirnov test to assess the normality of the variables. Continuous variables were presented as means with standard deviations or medians with interquartile ranges (IQR), and we used independent t-tests or rank-sum tests to compare variables between groups. Qualitative variables are presented as frequencies with corresponding percentages, and we used chi-squared or Fisher’s exact tests to compare variables between groups.
We used multivariate logistic regression analysis to assess independent risk factors for the development of VA-AKI, as well as the non-recovery of kidney function. We included all covariates with a p-value ≤ 0.05 in univariate analysis and forced other relevant variables into multivariable models. A backward stepwise regression was used to construct the final model. The following covariates were included in the model to explore the risk factors for the occurrence of VA-AKI: gender (male vs. female), age (years), body mass index (BMI), preexisting CKD, cardiac surgery (yes or no), admission to the ICU (yes or no), vancomycin variety (Lai Kexin vs. Wen Kexin), length of vancomycin therapy (days), vancomycin daily dose (≤2 g/d vs. > 2 g/d), concomitant nephrotoxic drugs (yes or no), concomitant radiocontrast agents (yes or no). The results of the univariate analysis of factors affecting the recovery of kidney function in patients with VA-AKI were shown in Supplementary Table S1. The following covariates were included in the model to explore the risk factors for non-recovery of kidney function in patients with VA-AKI: age (years), payment mode (At one’s own expense vs. National basic medical insurance), concomitant vasopressors (yes or no), and concomitant carbapenems (yes or no). The good of fit was evaluated by the analysis of Hosmer and Lemeshow. Cut-off values for vancomycin trough concentrations and duration of therapy that contributed to the development of VA-AKI were derived by receiver operating characteristic curve (ROC) analysis. All p-values were two-sided, and a p-value ≤ 0.05 was considered statistically significant. All statistical analyses were performed using SPSS statistics version 26.0 (IBM Inc., Armonk, NY, United States).
3 RESULTS
3.1 Patients’ characteristics
There were 600 patients evaluated for study inclusion. After applying the exclusion criteria, 165 (27.5%) patients were omitted from the study. Of those excluded, 55 patients lacked SCr measurements, typically within 7 days after stopping vancomycin therapy (Figure 1). In total, 435 patients were included for analysis. Of these, 73.6% were male, and the median age was 52 (IQR = 22) years. A total of 40 patients (8.8%) received heart valve surgery during hospitalization. The remaining patients were treated with vancomycin-based anti-infective therapy only.
[image: Figure 1]FIGURE 1 | Study design.
Seventy-four patients developed AKI. The incidence of VA-AKI was 17.0% (74), and the time of diagnosis was day 5.9 (IQR = 7.4) after receiving vancomycin therapy. Table 1 displayed patient demographic information, concomitant underlying diseases, and severity of illness. Patients with AKI tend to be older (58.0 vs. 51.0 years, p = 0.028) and were more likely to concomitant preexisting CKD (13.5%vs. 7.5%, p = 0.09) and to undergo cardiac surgery (91.9% vs. 82.3%, p = 0.040), compared to patients without AKI. Table 1 also listed patient vancomycin exposure and concomitant nephrotoxic drugs. There were two varieties of vancomycin from different companies. Patients with VA-AKI were more likely to receive Lai Kexin (Lai Kexin vs. Wen Kexin 83.8% vs. 65.9%, p = 0.002), compared with patients without VA-AKI. Patients with AKI underwent a longer duration of vancomycin treatment (12.0 ± 10.6 days vs. 9.5 ± 8.5 days, p = 0.038), higher proportions of vancomycin concentrations greater than 15 mg/L (73.2% vs. 52.7, p = 0.018) and were more likely to concomitant radiocontrast agents (loversol, iopromid) (23.0% vs. 12.5%, p = 0.019). Twenty-three patients (5.3%) received vancomycin for more than 4 weeks.
3.2 Therapeutic drug monitoring of patients
One hundred and sixty-two (37.2%) patients received TDM during vancomycin therapy. Of the patients who received TDM, 8% (13) had their initial vancomycin TDM on day 3, in accordance with the guideline recommendations, and 88.3% (143) of patients had delayed first vancomycin trough concentration monitoring. Only 30 (18.5%) patients had vancomycin trough concentrations between 15–20 mg/L and reached the target trough concentration. Besides, 69 (42.6%) patients had vancomycin trough concentrations <15 mg/L and 63 (38.9%) patients had vancomycin trough concentrations >20 mg/L. The incidence of VA-AKI in patients receiving TDM was 25.3% (41) and the risk of VA-AKI increased with higher vancomycin trough concentrations. The VA-AKI rates were 17.3% (4), 15.2% (7), 23.3% (7), and 36.3% (23) for trough concentrations of <10 mg/L, ≥10 - <15 mg/L, ≥15 - ≤20 mg/L, and >20 mg/L, respectively (p < 0.058). By binary logistic analysis, the odds ratios (OR) were 0.853 (p = 0.82), 1.446 (p = 0.60), and 2.731 (p = 0.099) for the development of VA-AKI at trough concentrations ≥10 - <15 mg/L, ≥15 - ≤20 mg/L, and >20 mg/L, respectively, compared to trough concentrations <10 mg/L. ROC analysis revealed a cut-off value of 25.5 mg/L for trough concentrations that contributed to the development of VA-AKI (AUC = 0.654, 95% CI 0.557, 0.751, p = 0.0032).
3.3 Comparison of medical costs and outcomes for patients with and without VA-AKI
Patients who developed AKI had longer hospital stays (18.0 vs. 15.1 days, p = 0.005) and a higher 30-day mortality rate (4.4% vs. 0.6%, p = 0.037) than those who did not develop AKI. Patients with VA-AKI were more likely to have higher total costs (119.8 vs. 98.4 thousand US dollars, p = 0.001), medical costs (p < 0.001), treatment costs (p < 0.001), and medical consumables costs (p = 0.011), compared with patients without VA-AKI (Table 2).
TABLE 2 | Medical costs and outcomes of patients with and without vancomycin-associated acute kidney injury.
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Multiple logistic regression analysis revealed that BMI (OR 1.085, 95% CI 1.004, 1.179, p = 0.039), duration of vancomycin therapy (OR 1.030, 95% CI 1.003, 1.058, p = 0.032), preexisting CKD (OR 2.291, 95% CI 1.018, 5.516, p = 0.045), admission to the ICU (OR 2.260, 95% CI 1.289, 3.963, p = 0.004) and concomitant radiocontrast agents (OR 2.085, 95% CI 1.093, 3.978, p = 0.029) were independent risk factors for VA-AKI; vancomycin variety (Lai Kexin vs. Wen Kexin, OR 0.498, 95% CI 0.281, 0.885, p = 0.017) were determined to be an independent protective factor for VI-AKI (Table 3; Figure 2). ROC analysis revealed a cut-off value of 10.75 days for the duration of vancomycin therapy that contributed to the development of VA-AKI. Univariate analysis revealed a significantly higher risk of VA- AKI in patients with a long duration of therapy (longer than 10.75 days) compared to those with a short duration of therapy (shorter than 10.75 days) (HR 1.927, 95% CI 1.159 3.205, p = 0.011).
TABLE 3 | Risk factors for vancomycin-associated acute kidney injury.
[image: Table 3][image: Figure 2]FIGURE 2 | Forest-plot figure of risk factors for vancomycin-associated acute kidney injury.
3.5 Treatment and outcome of patients with vancomycin-associated acute kidney injury
The 30-day mortality rate in patients with VA-AKI was 4.1% (3). 5.4% (4) of patients were treated with dialysis. Kidney function was fully or partially recovered in 73.0% (54) of patients, and 27.0% (20) failed to recover kidney function until discharge (Table 4). Multiple logistic regression analysis showed payment mode (at one’s own expense vs. national basic medical insurance) was the only independent risk factor for non-recovery of kidney function in patients with VA-AKI (OR 4.78, 95% CI 1.59, 14.38, p = 0.005).
TABLE 4 | Treatment and outcome of patients with vancomycin-associated acute kidney injury.
[image: Table 4]4 DISCUSSION
This study demonstrated the incidence of VA-AKI in patients with IE, which was 17.0%, and further revealed the clinical characteristics, risk factors, and outcomes of VA-AKI. To the best of our knowledge, this is the first study to thematically investigate VA-AKI in patients with IE, and we believe that the results will provide an important reference for the rational use of vancomycin in this special population (Figure 3).
[image: Figure 3]FIGURE 3 | Graphical abstract.
Several studies have focused on the nephrotoxicity of antimicrobial agents used to treat IE, the majority focusing on aminoglycosides such as gentamicin-associated nephrotoxicity (Cosgrove et al., 2009). However, physicians still did not pay enough attention to VA-AKI in patients with IE. The incidence of IE is low, and the sample sizes of published studies are relatively small, in the range of 100–200 cases (Legrand et al., 2013; Ritchie et al., 2017; Barberan et al., 2019). This study included 435 patients with, IE who were treated with vancomycin, which, to our knowledge, is the largest sample size of any study investigating antibiotic-associated AKI in patients with IE. In previous studies involving vancomycin-associated kidney injury, vancomycin was generally used as conventional therapy or as a control, compared with daptomycin (Barberan et al., 2019). Studies showed vancomycin to be less nephrotoxic than daptomycin, but greater than or closer to other antibiotics such as beta-lactam antibiotics (Barberan et al., 2019; Blevins et al., 2019; Muklewicz et al., 2021). However, no studies have evaluated the incidence, clinical characteristics, risk factors, and outcomes of VA-AKI in patients with IE.
This study showed a 17.0% prevalence of VA-AKI in adult patients with IE, which is slightly higher than in the general adult population, who are not a special population such as obese, critically ill, or elderly (Pan et al., 2018; Chun et al., 2021; Contejean et al., 2021; Kunming et al., 2021; Muklewicz et al., 2021; Kiley et al., 2022). Data from studies in the United States (11.4%) (Muklewicz et al., 2021), Chinese mainland (14.3%) (Kunming et al., 2021), Taiwan in China (11.5%) (Kiley et al., 2022), South Korea (15.38) (Chun et al., 2021), France (11.2%) (Contejean et al., 2021) and other countries or regions indicated that the incidence of VA-AKI in adult patients was generally around 10%–15%. However, the incidence of VA-AKI in patients with IE is lower than in obese patients and critically ill patients (Filippone et al., 2017). We speculate that there are four causes for the higher incidence of VA-AKI in patients with IE than in the general adult population. First, pathogenic bacteria that infect the endocardium may also invade the kidney and induce AKI through mechanisms such as immune complexes and vasculitis glomerulonephritis (Habib et al., 2015; Ritchie et al., 2017; Gagneux-Brunon et al., 2019). Second, there is a relatively high rate of patients with IE undergoing cardiac surgery, especially valve surgery (Legrand et al., 2013; Gagneux-Brunon et al., 2019). Third, the course of vancomycin for IE is long, usually 4–6 weeks (Chinese Society of Cardiology, 2014; Baddour et al., 2015; Habib et al., 2015). Fourth, a high percentage of patients with IE received vancomycin concomitant contrast agents (Legrand et al., 2013; Mehran et al., 2019). Moreover, these possible contributing factors will also provide an indication for reducing the risk of VA-AKI in patients with IE.
The study showed that 37.2% of patients with IE received vancomycin TDM, 8% of patients were initially monitored on day 3 of vancomycin therapy, and 18.5% of patients achieved target trough concentrations. According to the vancomycin TDM guidelines published by the American Society of Health-System Pharmacists in 2009 and the Chinese Pharmacological Society in 2020 (Rybak et al., 2009; He et al., 2020), there were three deficiencies in vancomycin TDM: low vancomycin TDM rate, inaccurate timing of initial TDM, and low attainment of target trough concentrations. Vancomycin concentration monitoring in most hospitals in China, as exemplified by our hospital, is mainly based on the experience and expertise of clinicians. The technology for TDM of vancomycin is well established and the guidelines are clear in the recommendations for the management of vancomycin monitoring, however, the status of monitoring in clinical practice is not satisfactory. We previously conducted a meta-analysis including 19 studies with 2,598 patients from developed countries such as the United States, Japan, Australia, and New Zealand, and developing countries such as China and India, and showed that the mean vancomycin trough concentration attainment rate was 34.3% under the conventional physician-led model of care (Kunming et al., 2023). Factors contributing to the unsatisfactory status of monitoring under physician-led vancomycin TDM included negative perception towards prescription guidelines, lack of knowledge regarding TDM guidelines, the hierarchy of medication management, work pressure, and ineffective communication among healthcare providers (Abdel Jalil et al., 2023). Our further analysis showed that 64.6% (281) of the patients were given vancomycin at 1g q12 h, which was a conventional dose. Patients with IE may have complex pathophysiological profiles and vancomycin pharmacokinetics; therefore, more precise dosing regimens, more frequent concentration monitoring, and dose adjustments are necessary (Elyasi et al., 2012; Filippone et al., 2017; Rybak et al., 2020). We also found that the hospitalization units for patients with IE were predominantly surgical. Surgeons may be more focused on surgical treatment and pay less attention to drug therapy. The 2020 update of the vancomycin TDM guidelines further recommended area under the curve (AUC)-guided dosing and monitoring regimens, which raised the difficulty of vancomycin monitoring (Rybak et al., 2020). Considering that some medical institutions do not have the technology and professional staff to monitor AUC, and the feasibility of monitoring trough concentration is better than monitoring AUC, thus the evidence-based guideline for therapeutic drug monitoring of vancomycin: 2020 update by the division of therapeutic drug monitoring, Chinese pharmacological society, recommends monitoring trough concentration or AUC (He et al., 2020). We believe that this study reveals the deficiencies in vancomycin prescribing and TDM and suggests that clinicians should pay attention to these issues. In addition, we suggest clinical care teams should increase the involvement of clinical pharmacists. Our previously published study showed that pharmacist intervention in vancomycin treatment significantly decreased the rate of VA-AKI while improving efficacy and reducing mortality (Kunming et al., 2023). Clinical pharmacists are experts in medication therapy management, and many hospitals, mainly in the United States, have established the model of pharmacist managing vancomycin dosing and monitoring, which is worthy of emulation by hospitals in other countries (Kunming et al., 2023).
Concomitant nephrotoxic drugs were risk factors for VA-AKI, especially aminoglycosides and piperacillin-tazobactam (Kim JY et al., 2022; Filippone et al., 2017; O'Callaghan et al., 2020). According to this study, concomitant contrast media was the most alarmingly nephrotoxic agent in patients with IE. Concomitant contrast resulted in a 2.085-fold increased risk of VA-AKI. Contrast-associated AKI was one of the leading causes of iatrogenic kidney insufficiency (Huang et al., 2022). Direct mechanisms of contrast-associated AKI were due to nephrotoxic effects on the tubular epithelium, leading to loss of function, apoptosis, and eventually, necrosis. In addition, contrast can induce ischemic injury through an indirect mechanism of regional or global perfusion reduction (Mehran et al., 2019). The mechanism of vancomycin-associated AKI was suggested to be associated with the oxidative stress effect on proximal kidney tubular (Elyasi et al., 2012; Jeffres, 2017). Contrast and vancomycin have a synergistic effect on the mechanism of kidney injury; therefore, patients with IE require special attention to the synergistic risk of vancomycin concurrent with contrast. We recommend to postpone tests requiring contrast, such as coronary angiograms and coronary artery imaging, during vancomycin therapy, if conditions permit; or to replace vancomycin with teicoplanin.
The duration of vancomycin therapy was a factor that we focused on. The recommended course of vancomycin for the medical treatment of patients with IE was 4–6 weeks, which was longer than the course of most infections (Chinese Society of Cardiology, 2014; Baddour et al., 2015; Habib et al., 2015). This study suggested that duration of therapy was an independent risk factor for VA-AKI in patients with IE, consistent with previous studies (Jeffres, 2017). However, the HR for duration of vancomycin therapy was only 1.030, showing a weak increased risk of AKI, which was lower than we expected. The risk of developing vancomycin nephrotoxicity significantly increased with a duration ≥7 days, and 14 days (Gagneux-Brunon et al., 2019; Mehran et al., 2019; Rybak et al., 2020). The course of vancomycin in this study was 12 and 9.5 days for patients who developed and did not develop AKI, both greater than 7 and less than 14 days, which may account for the low HR for the vancomycin course. Univariate analysis showed a significantly higher risk of AKI in patients with a long duration of treatment (longer than 10.75 days) compared to those with a short duration of treatment (shorter than 10.75 days) (HR 1.927, p = 0.011). In patients with IE, we suggested that the course of vancomycin longer than 10.75 days was associated with a significantly increased risk of AKI and required more frequent monitoring of kidney function and vancomycin trough concentrations.
This study showed that BMI and residence in the ICU were risk factors for VA-AKI in patients with IE, which was consistent with the findings in the general adult patients (Liu et al., 2021; Kim JY et al., 2022). Several studies have shown that obesity or increasing BMI was significantly associated with the development of VA-AKI (Choi et al., 2017). Obese patients have a significantly higher incidence of trough levels >20 mg/L due to complex vancomycin pharmacokinetics (e.g., increased volume of distribution and clearance) and demanding dose adjustment regimens (Elyasi et al., 2012). In addition, a study by Maha S. Assadoon et al. found that obese patients may experience vancomycin accumulation within the first 10 days of treatment (Assadoon et al., 2022). Measures such as actual weight-based dosing, frequent monitoring of vancomycin, and AUC-guided therapy may contribute to the reduction of VA-AKI in obese patients (Choi et al., 2017; Rybak et al., 2020; Assadoon et al., 2022). Severity of illness impacted development of AKI in patients receiving vancomycin. Admission to the ICU indicated that patients were critically ill and more likely to have a combination of multiple risk factors for AKI, thus increasing the nephrotoxicity of vancomycin (Filippone et al., 2017; Blevins et al., 2019; O'Callaghan et al., 2020).
VA-AKI was associated with increased length of hospital stay, need for dialysis, increased mortality, and increased costs, which is consistent with previous studies (Jeffres, 2017). More than 70% of the patient’s kidney function can be recovered, which suggests the importance of early intervention and aggressive salvage of VA-AKI. Payment method (at one’s own expense vs. national basic medical insurance) was the only risk factor for kidney function recovery, and this was not reported in previous studies. We speculate that patients without medical insurance may limit the choice of measures for improving kidney function due to their weak payment willingness.
This study has several strengths. First, the sample size of this study was relatively large and was the largest sample size studying antibiotic-associated kidney injury in patients with IE. Second, we counted the consequences of VA-AKI, including economic consequences, mortality, and recovery of kidney function. We further analyzed the risk factors affecting the recovery of kidney function in patients with AKI. Third, the economic consequences of VA-AKI were rarely addressed in previous studies. However, the study has several limitations. First, this was a single-center retrospective study, and we could only demonstrate a correlation between vancomycin and AKI, not a causal relationship. Second, vancomycin trough concentrations were not included as a risk factor due to the low percentage of TDM and the small amount of concentration data available for analysis. For the available data, we analyzed the correlation between vancomycin trough concentrations and the risk of AKI occurrence. However, we believe that this deficiency does not affect the quality of this study. Globally, especially in developing countries, hospitals without vancomycin concentration monitoring technology remain in the majority. Vancomycin dose and duration are important bases for assessing vancomycin exposure, and both variables were included in this study. Moreover, even in hospitals where vancomycin monitoring is carried out, its actual monitoring is not satisfactory. Third, this study did not collect data on urine volume, which is an important criterion for the diagnosis of AKI. Due to the retrospective nature of this study, medical record data on urine volume were not or inaccurately recorded, and we will address this shortcoming in a prospective study to be conducted in the future. Fourth, we did not follow up with the patient after discharge. Because the patient’s information was anonymized and their contact information was not available.
5 CONCLUSION
The incidence of VA-AKI in patients with IE was slightly higher than in general adult patients, and lower than in special populations such as obese and critically ill. Concomitant contrast agents were the most alarmingly nephrotoxic in patients with IE, adding a 2-fold risk of VA-AKI, and we speculate that this may be due to a synergistic mechanism of nephrotoxicity between contrast agents and vancomycin. In patients with IE, a course of vancomycin therapy longer than 10.75 days was associated with a significantly increased risk of AKI and required more frequent monitoring of kidney function and vancomycin trough concentrations.
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