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Objectives: To assess the pharmacokinetics and pharmacodynamics of imipenem in a retrospective cohort of hospitalized Chinese older patients.Methods: A population pharmacokinetic (PPK) model was constructed utilizing a nonlinear mixed-effects modeling approach. The final model underwent evaluation through bootstrap resampling and visual predictive checks. Additionally, a population pharmacokinetic and pharmacodynamic analysis was conducted employing Monte Carlo simulations to investigate the impact of commonly used dosing regimens (0.25 g every 6 h, 0.5 g every 6 h, 0.5 g every 8 h, 1 g every 6 h, 1 g every 8 h, and 1 g every 12 h) on the likelihood of achieving the target therapeutic outcomes.Results: A total of 370 observations available from 142 patients were incorporated in the PPK model. A two-compartment PPK model with linear elimination best predicted the imipenem plasma concentrations, with the creatinine clearance as a significant covariate of clearance. Typical estimates for clearance, inter-compartmental clearance, central and peripheral volume were 13.1 L·h−1, 11.9 L·h−1, 11.7 L, 29.3 L, respectively.Conclusion: The pharmacokinetics of imipenem in elderly patients were effectively characterized by the established PPK model, which includes creatinine clearance as a key covariate. This research will enhance our understanding of imipenem elimination and support precision dosing in this patient demographic.Keywords: imipenem, population pharmacokinetics, dosing optimization, elderly patients, Monte Carlo
INTRODUCTION
Imipenem is a prominent member of the carbapenem class of antibiotics, recognized for its extensive antibacterial coverage against Gram-positive, Gram-negative, and anaerobic bacteria, thus widely used in the treatment of lower respiratory tract infections, abdominal infections, urinary tract infections, septicemia, infective endocarditis, reproductive system infections, bone and joint infections, as well as mixed infections and severe infections caused by unidentified pathogens (Zhanel et al., 2007; Papp-Wallace et al., 2011). Normally, it is quickly metabolized into an inactive compound by the enzyme dehydropeptidase (DHP-1) in the kidney’s brush-border, and therefore must be co-formulated with cilastatin, a DHP-1 inhibitor, which could prevent the occurrence of renal tubular necrosis and prolongs the therapeutic effect of imipenem (Koucheki et al., 2021).
Imipenem is a hydrophilic molecule with a short plasma half-life of about 1 hour and exhibits low plasma protein binding (approximately 20%). As a time-dependent antibiotic, its bactericidal activity is best measured by the pharmacokinetic/pharmacodynamic (pK/PD) index of maintaining free plasma concentration above the minimum inhibitory concentration of the pathogens (fT > MIC), aiming for at least 40% of the dosing interval (Gomez et al., 2015; Dinh et al., 2022). As reported by multiple clinical researches, it requires higher pharmacodynamic index of 100% fT > MIC for critically ill patients (Bai et al., 2024). However, the PK profiles of carbapenems were notably altered in elderly patients due to their altered physiological and pathological change and more frequent use of concomitant medications.
Elderly individuals are more prone to infections due to various factors such as underlying diseases (e.g., cardiovascular diseases, diabetes), polypharmacy, decreased physical function, and compromised immune system (Mangoni and Jackson, 2004; Medellín-Garibay et al., 2022). Several literature reviews have extensively documented the pharmacokinetic changes in elderly patients (Klotz, 2009; Benson, 2017). Meanwhile, there exists considerable interpatient variability in the influence of age on pharmacokinetics, leading to increased variability in these parameters compared to younger patient cohorts. As reported by Abdulla (Abdulla et al., 2021), age was found to be significantly correlated with TDM target attainment of β-lactam antibiotic therapy. This association may be related to the decline of renal function in elderly patients. However, there is limited pharmacokinetic research on the use of imipenem in elderly patients at present. Only one preliminary study (Pietroski et al., 1991) is accessible, which comprises a limited cohort of merely thirteen patients.
The main goal of this research was to evaluate the pharmacokinetic characteristics of imipenem in elderly patients through nonlinear mixed effects modeling (NONMEM). Important factors influencing changes in imipenem exposure were discovered, and suitable dosage suggestions were put forward based on the final model which might promote the judicious use of imipenem in geriatric patients.
MATERIALS AND METHODS
Study design and ethics
This research obtained authorization from the Scientific and Research Ethics Committee of Nanjing Drum Tower Hospital, the affiliated institution (No. 2023-380-02), and all methodologies were executed in compliance with ethical guidelines. We performed a retrospective observational study spanning from October 2021 to April 2024. The participants who fulfilled the inclusion criteria were as follows:1) patients aged 60 years or above, 2) patients who received imipenem and cilastatin sodium for injection and 3) plasma concentrations were monitored. The exclusion criteria were as follows: 1) incomplete clinical evaluation (unavailable data on renal function, biochemical indicators and other information; 2) patients undergoing extracorporeal membrane oxygenation (ECMO); 3) other factors deemed unsuitable for this study by the researchers.
Data collection and sampling schedule
Demographic factors, including sex, age, and body weight, along with medication details such as dosage, dosing frequency, and administration timing, as well as laboratory results including white blood cell count (WBC), hemoglobin (HGB), platelet count (PLT), globulin (GLO), apolipoprotein A (APOA), apolipoprotein B (APOB), estimated glomerular filtration rate (eGFR), alanine aminotransferase (ALT), albumin (ALB), gamma-glutamyl transferase (GGT), aspartate aminotransferase (AST), total protein (TP), alkaline phosphatase (AKP), total bilirubin (TBIL), direct bilirubin (DBIL), and creatinine (CR) were gathered using a standardized format through the hospital’s electronic medical record system. The creatinine clearance rate (CLCR) was calculated by Cockcroft-Gault Equation.
Quantification of imipenem concentrations
The patients were administered imipenem empirically, receiving an infusion dose ranging from 250 mg to 1000 mg with the administration intervals varied from every 6 h to every 12 h. The infusion rate was established based on the actual infusion duration documented in the Electronic Health Record. In this study, the concentrations of imipenem present in plasma were analyzed using HPLC. Sample plasma of 300 μL was mixed with 20 μL of 5-hydroxyindole-3-acetic acid (1 mg ·mL−1) and 100 μL of 3-morpholine propyl sulfonic acid solution (0.5 mol ·L−1), which was used as stabilizer. The solution was subjected to vortexing for 30 s and subsequently transferred to an ultrafiltration centrifuge tube, where it was centrifuged at 4°C for 10 min at 12,000 rpm. After centrifugation, a 30 μL aliquot of the ultrafiltrate was injected into the analytical system. The mobile phase utilized for chromatographic separation comprised methanol and 10 mmol·L−1 potassium dihydrogen phosphate in a ratio of 6:94 (v/v, pH 6.8), which was filtered through a 0.45 μm hydrophilic polypropylene filter. The separation was performed on a TSK gel ODS-100 V column (250 × 4.6 mm, 5 μm) maintained at a constant temperature of 30°C. The UV detector was set at 300 nm and the overall detection time was 12 min. The calibration curves demonstrated acceptable linearity over 0.5–50 μg⋅mL−1, with a limit of quantitation (LOD) of 0.5 μg⋅mL−1 for imipenem.
Population pharmacokinetic modeling
Base model
The pharmacokinetic model was developed using NONMEM 7.3.0 (ICON Development Solutions, Ellicott City, MD, United States), a nonlinear mixed-effects software base model. The foundational structure of the model was explored through both one- and two-compartment models, which were assessed for their suitability based on first-order elimination kinetics following intravenous drug administration. This step was crucial for determining the most appropriate structural model for the pharmacokinetic analysis. Exponential error models were employed to define inter-individual variability (IIV, η) in pharmacokinetic parameters, which exhibited a symmetric distribution with a mean of zero and a variance of ω2. Furthermore, to evaluate residual variability (RSV) in the observed drug concentrations, a comprehensive analysis involving various error models was conducted. These models included exponential, additive, proportional, and combined (additive plus proportional) error models, each assuming a symmetric distribution around a mean of zero with a variance represented by σ2. The choice of error model plays a pivotal role in accurately describing the discrepancies between observed and model-predicted concentrations, thereby refining the pharmacokinetic model’s precision and reliability.
The formulations for these error models are as follows:
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in these equations, Cobs represents the observed drug concentration, Cpred denotes the concentration predicted by the model, and ε, ε′ signify the components of residual variation.
Covariate screening
Prior to covariate screening, an exploratory analysis was undertaken to analyze the associations between covariate-parameter pairs. To prevent collinearity, which may destabilize the stability of the model and hinder the clarity of parameter estimate interpretations, variables exhibiting high correlation coefficients (greater than 0.5) were excluded from simultaneous inclusion in the final model (Byon et al., 2013). The stepwise method, integrating both forward inclusion and backward elimination steps, was employed to perform significant covariate screening. In the forward selection, the objective function value (OFV) had to decrease by at least 3.84 (corresponding to p < 0.05, chi-squared distribution with one degree of freedom) from the previous model. This threshold was chosen based on standard statistical criteria for a significant improvement in model fit (Ahamadi et al., 2019). Similarly, for backward elimination, an increase of at least 6.63 in the OFV (corresponding to p < 0.01, chi-squared distribution with one degree of freedom) from the previous model was required, ensuring that only covariates contributing substantially to the model were retained.
Model evaluation
The final model underwent assessment through a Goodness-of-Fit (GOF) analysis, which entailed graphing observed concentrations (DV) in relation to both population-predicted concentrations (PRED) and individual-predicted concentrations (IPRED) to determine the model’s predictive validity. Additionally, conditional weighted residuals (CWRES) were plotted against PRED and time from last dose to assess the residual variability and temporal patterns in model predictions, ensuring a consistent performance across the range of predicted values. Besides, a non-parametric bootstrap analysis and prediction-corrected Visual Predictive Check (pcVPC) were conducted to evaluate the stability and reliability of the final model. One thousand datasets were generated through random sampling from the original dataset, facilitating the estimation of model parameters for each. These parameters were then used to calculate median values and 95% confidence intervals (CIs), defined as the range from the 2.5th to the 97.5th percentiles. The outcomes of the bootstrap analysis were subsequently juxtaposed with the parameters from the final model to ensure consistency and reliability (Shen and Machado, 2017). A pcVPC was conducted to evaluate the model by comparing the observed concentrations with the model predictions (Bergstrand et al., 2011). Leveraging the population pharmacokinetic (PK) parameter estimates derived from the final population PK model, concentration-time profiles within the dataset were simulated across 1,000 iterations. For each time point, the 90% prediction interval of the simulated concentrations was computed and compared with the observed concentrations. Both the observed data and model predictions were normalized to the median population prediction for each bin to account for multiple covariates. The model’s performance was considered satisfactory if the observed data were sufficiently represented by the 5th, 50th, and 95th percentiles of the simulated data.
An additional cohort of 22 patients who met the inclusion criteria was retrospectively gathered and assessed to form an external validation group. The model’s predictive precision and accuracy were analyzed using a range of metrics, including relative prediction error (PE), mean prediction error (MPE), mean absolute prediction error (MAPE), and the proportion of |PE|% that falls within 20% (F20) and 30% (F30) (Jaruratanasirikul et al., 2020; Huang et al., 2022). The established evaluation benchmarks were MPE ≤ ±15%, MAPE ≤ 30%, F20 > 35%, and F30 > 50%.
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Monte Carlo simulations of dosage regimens
Monte Carlo simulations were conducted utilizing the final population pharmacokinetic model to evaluate the impact of various dosing regimens. The dosing schedules analyzed included: 0.25 g every 6 h, 0.5 g every 6 or 8 h, and 1 g administered every 6, 8, or 12 h. In each scenario, 10,000 virtual patients were simulated to generate profiles of free imipenem concentration over time. The proportion of patients achieving 40% and 100% of the ƒT > MIC against MIC distributions ranging from 0.125 to 16 mg/L for common pathogens treated with imipenem was calculated. A probability of target attainment (PTA) greater than 80% was deemed acceptable, while a PTA exceeding 90% was considered desirable (Jaruratanasirikul et al., 2021).
RESULTS
Patient demographics
A total of 142 patients contributing 370 plasma concentration records were included in this study. Data of 120 patients were used to develop the model and 22 patients were used for external validation. Table 1 summarize patient characteristics of modeling group, patients reveal a median age of 72, median weight of 65 kg, and sixty-five percent of patients were males.
TABLE 1 | Demographics and clinical characteristics.
[image: Table 1]Population pharmacokinetic modeling
The pharmacokinetic profiles of Imipenem were effectively characterized using a two-compartment model with linear elimination. Various residual error models were evaluated, and the additive residual error model assuming a normal distribution was determined to best fit the data. In the final model, the inter-individual variation values for Vc, Q, and Vp were constrained due to inadequate precision in the omega estimates. Through the forward selection process, the covariates CLCR, CRP, WBC, and CRRT were incorporated into the clearance parameter (CL), resulting in reductions in the objective function value (OFV) of 61, 6.02, 4.47, and 6.64, respectively. In the recursive backward elimination approach, WBC, CRRT, and CRP were sequentially removed from CL. After conducting forward inclusion and backward elimination for all covariates, CL was predominantly affected only by CLCR. Supplementary Table S1 provides the summary statistics for the subjects’ covariates selection during the PPK model development. The goodness of fit (GOF) plots for the final model of IMP are illustrated in Figure 1. The observations versus predictions data displayed a consistent distribution along the line of identity. Most conditional weighted residuals (CWRES) fell within the interval of −2 to 2. The final parameter estimates are detailed in Table 2, and both the fixed effects and random variance parameter estimates were determined with high precision. The resulting PPK model for imipenem list as Equations 1-4:
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[image: Figure 1]FIGURE 1 | Diagnostic goodness-of-fit plots for the final model. (A) Scatter plot of imipenem plasma concentration and individual predicted values. (B) Scatter plot of imipenem plasma concentration and population predicted values. (C) Scatter plot of conditional weighted residuals and population predicted values. (D) Scatter plot of conditional weighted residuals and time from last dose. The black dashed line is the reference line, and the red dashed line is the LOWESS trend line.
TABLE 2 | Estimated PPK parameters and results of bootstrap evaluation.
[image: Table 2]Model evaluation
A total of 967 out of 1,000 (96.7%) successfully converged during the bootstrap evaluation process, indicating a robust stability for the final PPK model. The bootstrap results are presented in Table 2. The medians of the parameter values derived from the bootstrap analysis closely aligned with the final parameters obtained from the original dataset, demonstrating an outstanding prediction capability of the final population model. The pcVPC results illustrated in Figure 2 show that the observed median (denoted by a solid line) and the observed 5th and 95th percentiles (represented by solid lines) are adequately positioned within the simulation-derived prediction intervals (shown as shaded regions). These findings suggest that the final model exhibits a satisfactory level of predictive performance. The external validation produced MPE and MAPE values of 7.6% and 39.4%, respectively. Additionally, the data indicates that F20 constitutes 34% of the total, while F30 makes up 52.8%, reflecting an acceptable performance level. Overall, the final model demonstrated commendable precision and accuracy, aligning effectively with the previously mentioned evaluation criteria.
[image: Figure 2]FIGURE 2 | Visual predictive check (VPC) of the final model. The black solid points represent the dependent variable; upper, middle, and lower solid line represent the 95th, 50th and 5th percentiles of the observed concentrations, respectively; The upper, middle, and lower shaded sections represent the 95% confidence interval for the 95th, 50th, and 5th percentiles of the simulated concentrations, respectively.
Monte Carlo simulations of dosage regimens
According to simulated time-dependent concentration data (at steady-state), PTAs (40% or 100% ƒT > MIC) was calculated for the 6 dosage regimens including 250 mg every 6 h, 500 mg every 6 or 8 h, and 1,000 mg administered every 6, 8, or 12 h. The CLCR threshold was utilized to categorize the virtual patients into four groups: 0-30, 30–60, 60–90, and 90–120 mL/min. And the dosing regimens summarized for different CLCR and MIC are listed in Table 3. The PTAs of 40%ƒT > MIC are shown in Figure 3A. At the 40%ƒT > MIC threshold, the pharmacokinetics of all simulated patient treatment adjuncts were sufficient for administration when MIC was ranging from 0.125 to 1 μg/mL for the 6 dosage regimens. For an MIC of 2 μg/mL, PTA was recorded at 75.44% and 59.92% with a dosage of 250 mg administered every 6 h under CLCR of 60–90, 90–120 mL/min, which fell short of the desired 90% PTA, and a higher dose of 500 mg every 8 h is needed. In the case of an MIC of 4 μg/mL, a dosage of 500 mg every 6 h is recommended for patients with a CLCR of 0–60 mL/min, while for those with CLCR greater than 60 mL/min, a dosage of 1,000 mg every 8 h is necessary to achieve over 90% PTA. For an MIC of 8 μg/mL, the only regimen capable of surpassing 90% PTA under a CLCR of 0–60 mL/min is 1,000 mg every 6 h. Conversely, for CLCR greater than 60 mL/min, no regimens meet the threshold for 90% PTA. No feasible imipenem dosing strategy could effectively target highly resistant pathogens with a MIC of 16 mg/L or higher.
TABLE 3 | Dosage regimens recommended for different pharmacodynamic index based on stratification of CLCR and MIC values.
[image: Table 3][image: Figure 3]FIGURE 3 | Probability of target attainment (PTA) of various imipenem dose regimens with a target of 40% (upper panels) and 100%T > MIC (lower panels), stratified based on patient renal function:0 <-0, 30–60, 60–90, and 90–120 mL/min.
The PTAs for the 100%ƒT > MIC threshold are illustrated in the lower panels of Figure 3. At the 100%ƒT > MIC level, a dosing regimen of 250 mg every 6 h could achieve the 90%PTA under the MIC of 0.125–0.5 μg/mL under a CLCR of 0–60 mL/min. While for CLCR of 60–120 mL/min, it failed to attain the 90% PTA benchmark, and 500 mg every 6 h is required. For an MIC of 1 μg/mL, patients exhibiting a CLCR of 60–120 mL/min require 1,000 mg every 6 h, whereas those with a CLCR of 0–60 mL/min can be managed with a dosage of 500 mg every 8 h. When the MIC reaches 2 μg/mL, it is recommended that patients with a CLCR of 0–60 mL/min receive 1,000 mg every 6 h, while PTAs for other dosing regimens all fell below 86.11%. For MIC levels exceeding 4 μg/mL, all calculated PTAs were less than 86.7%.
To provide a more illustrative depiction of the impact of covariates and dosing regimens on serum imipenem concentrations, the temporal variation of serum imipenem levels across various dosing strategies and differing creatinine clearance rates was simulated, as presented in Supplementary Figures S1, S2. The simulated 97.5th, 50th, and 2.5th percentiles of steady-state concentrations were analyzed alongside 95% confidence intervals to assess variability and ensure robust recommendations for dosing regimens.
DISCUSSION
This research presents a population pharmacokinetic analysis of imipenem conducted in elderly Chinese patients, including those in critical condition. Significant covariates, such as creatinine clearance, that affect the disposition of imipenem were identified. Understanding their impact on imipenem pharmacokinetics will aid in guiding initial dose adjustments to optimize antibacterial exposure in this demographic.
According to Imani (Imani et al., 2018) and Wu (Wu et al., 2024), younger age has been recognized as a significant risk factor for non-attainment of imipenem concentration targets, which was 1.653-fold higher in patients aged ≤60 years than those aged >60 years. On one hand, this is due to the reduced renal function observed in elderly patients, resulting in a slower clearance rate of imipenem and facilitating the achievement of target levels. However, this situation can also result in elevated imipenem concentrations within the elderly population compared to their younger counterparts, potentially increasing the risk of adverse reactions (Qiao et al., 2022). It's important to note, that not all elderly individuals experience impaired kidney function, and substantial inter-individual variability exists. Consequently, it is essential to investigate the relevant influencing factors associated with imipenem administration in this demographic and to develop tailored dosing regimens rooted in renal function assessments.
Imipenem is a hydrophilic β-lactam antibiotic characterized by a relatively low steady-state volume and minimal protein binding, typically ranging from 10% to 20% (Lafaurie et al., 2023). The two-compartment model emerged as the most effective framework for depicting the concentration-time profile of imipenem, aligning with findings from earlier population pharmacokinetic studies (Dinh et al., 2022; Fratoni et al., 2022). The volume of imipenem in our study was consistent with the values obtained from previous researches (Couffignal et al., 2014). The CL was greater than the values obtained from a previous study (Van Hasselt et al., 2016; Bai et al., 2024), which may be due to the higher GFR of our patients. The renal function calculated by CLCR was identified as the most significant covariate during the covariate model development process. This finding aligns with expectations, considering that a substantial proportion of imipenem is eliminated through renal excretion. It's worth noting that CRRT was incorporated in full regression model. During the treatment and sampling period, CRRT was administered to 39 patients, impacting the pharmacokinetic population model. Nevertheless, the incorporation of this variable only decreased the OFV to 5.81, leading to its exclusion from the final model based on the recursive backward elimination criterion. CLCR value was derived from serum creatinine, which can indirectly reflect the clearing effect of CRRT. Therefore, the influence of CRRT factors was indirectly reflected in the model during the optimization of CLCR (Chen et al., 2020).
For β-lactam antibiotics, the pharmacodynamic indicator of clinical effectiveness and the potential for microbial resistance development to imipenem is typically represented by the percentage of unbound drug concentrations sustained above the minimum inhibitory concentration (MIC) of the pathogen (ƒT > MIC). A threshold of at least 40% is generally advised (Abdul-Aziz et al., 2022). For patients in critical condition, the pharmacodynamic target for β-lactams is regarded as 100% ƒT > MIC (Li and Xie, 2019). Consequently, in this study, we conducted a dosing simulation to assess the likelihood of achieving target levels of 40% and 100% T > MIC by employing different dosing regimens and considering the renal functions of elderly patients during the administration of imipenem. Besides, the temporal variation of serum imipenem levels across differing CLCR distribution was simulated, as presented in Supplementary Figure S1 alongside 95% confidence intervals to assess variability and ensure robust recommendations for dosing regimens. According to the Monte Carlo simulation results, the recommended drug administration regimen under different conditions was further summarized and listed in Table 3, which can provide reference for rational use of imipenem in clinical practice.
This research presents several limitations that warrant consideration. Firstly, due to the clinical practice surrounding therapeutic drug monitoring focusing primarily on trough concentration points, the samples we gathered were predominantly comprised of sparse sampling intervals, which could potentially impact the accuracy of the derived population pharmacokinetic models. Nevertheless, our pharmacokinetic models showed a reasonable correlation with existing literature, indicating their suitability for dose simulation purposes. Secondly, the study was conducted on a limited cohort of participants, whose individual characteristics, such as body weight (ranging from 35 to 93.5 kg), may vary significantly. Lastly, the Cockcroft-Gault equation employed for estimating creatinine clearance may inadvertently overstate the influence of age on creatinine excretion among elderly patients.
CONCLUSION
Our research established a population pharmacokinetic model based on the plasma concentration of imipenem in elderly Chinese patients. Simulations derived from this validated model endorse recommendations for adjusting imipenem dosages in renal-impaired subpopulations, tailored to renal function, in order to achieve adequate probability of target attainment while keeping drug exposure within safe limits. Additionally, clinicians can leverage these simulation outcomes to determine optimal imipenem administration strategies for diverse patients, ensuring maximum clinical efficacy, particularly for those with elevated CLCR rates and MIC, who may necessitate higher doses or more frequent dosing intervals.
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Characteristics

Gender (male/female), n 78/42

Age, year, (Median [IQR]) 72 (68.00, 81.00)
Weight, kg, (Median [IQR]) 65 (59.00, 65.33)
DV, pg/mL, (Median [IQR]) 18(03,2775)
INR, (Median [IQR]) 113 (104, 1.27)
PT, s, (Median [IQR]) 128 (11.80, 14.20)
APTT, s, (Median [IQR]) 3122 (27.60, 36.23)
ALT, U/L, (Median [IQR]) 171 (9.60, 32.13)
AST, IU/L, (Median [IQR]) 287 (18.65, 43.71)
ALP, TU/L, (Median [IQR]) 92.3 (65.80, 135.74)
GGT, IU/L, (Median [IQR]) 563 (29.67, 110.85)
TBIL, pmol/L, (Median [IQR]) 152 (9.40, 25.70)
DBIL, umol/L, (Median [IQR]) 570 (2.70, 12.77)
TP, gL, (Median [IQR]) 566 (5233, 6253)
ALB, g/L, (Median [IQR]) 33 (30.90, 35.64)
GLO, g/L, (Median [IQR]) 237 (600, 15.94)
CREA, umol/L, (Median [IQR]) 75.00 (52.00, 122.10)
UREA, mmol/L, (Median [IQR]) 987 (6.00, 15.94)
SCR, umol/L, (Median [IQR]) | 232 (15025, 354.00)
CRP, mg/L, (Median [IQR]) 638 (2692, 115.14)
WBC, 10°/L, (Median [IQR]) 86 (567, 13.07)
NEUT, 10’/L, (Median [IQR]) 7.2 (430, 11.41)
HGB, g/L, (Median [IQR]) 90 (78.00, 104.00)
HCT, %, (Median [IQR]) 278 (24.13, 31.80)
PLT, 10%/L, (Median [IQR]) 138 (70.41, 219.00)
PCT, ng/mL, (Median (IQR]) 0593 (0.21, 3.66)
ApoAl, g/L, (Median [IQR]) 0.55 (040, 0.73)
ApoB, g/L, (Median [IQR]) 056 (043, 071)
€GFR, ml'min"'/1.73m?, (Median [IQR]) 86.9 (50.12, 132.20)
CLCR, mL/min, (Median [IQR]) 589 (35.54, 97.33)

CRRT during imipenem therapy, n (%) of patients
CRRT 24 (20)

*Values are median (IQR) or n (%). ALB, albumin; ALP, alkaline phosphatase; ALT, alanine aminotransferase; APOA, apolipoprotein A; APOB, apolipoprotein B; APTT, activated partial
thromboplastin time; AST, aspartate aminotransferase; CREA, creatinine; CRP, C-reactive protein; CRRT, continuous renal replacement therapy; CLCR, creatinine clearance rate (according to
Cockeroft-Gault formulation); DBIL, direct bilirubin; DV the observed value; GFR, glomerular filtration rate; GGT, gamma-glutamyl transpeptidase; GLO, globulin; HGB, hemoglobin; HCT,
hematocrit; INR, international normalized ratio; SCR, serum creatinine; TBIL, total bilirubin; TP, total protein; NEUT, neutrophil count; PCT, procalcitonin; PLT, platelet; PT, prothrombin
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