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Objective: Extended meropenem infusion is increasingly employed to enhance clinical outcomes in critically ill patients. 
Nonetheless, investigations into such dosing regimens in renal-impaired patients undergoing continuous renal replacement therapy 
(CRRT) are scarce. This study aims to perform a population pharmacokinetic (PK) analysis of prolonged meropenem infusion in 
critically ill CRRT patients to inform optimal dosing regimens.
Methods: Ninety-four concentrations from 21 Chinese critically ill CRRT patients receiving 1 g meropenem every 8–12 hours infused 
over 2–3 hours were utilized to construct the population PK model. Monte Carlo simulations were employed to assess the efficacy 
based on PK/PD targets (100% fT>MIC or 100% fT>4×MIC) and the risk of nephrotoxicity (trough concentration ≥45 mg/L) for extended 
meropenem dosing regimens (0.5–2 g with a 3-hour infusion administered every 6–12 hours).
Results: Meropenem concentration data was adequately described by a one-compartment model with linear elimination, and 
creatinine clearance (CLCR) significantly influenced meropenem’s endogenous clearance. 0.5 g q6h and 1 g q8h could achieve 
desirable attainment of 100% fT>MIC target against an MIC≤4 mg/L, with negligible risk of toxicity for CRRT patients across a CLCR 
range of 10–50 mL/min. 2 g q6h and 2 g q8h is required for targeting 100% fT>4×MIC for the patients, but the associated risk of toxicity 
is very high (>20%).
Conclusion: A population PK model was developed for prolonged meropenem infusion in Chinese CRRT patients, and 0.5 g q6h and 
1 g q8h may be the optimal regimen for prolonged infusion.
Keywords: continuous renal replacement therapy, meropenem, prolonged infusion, population pharmacokinetics, critically ill

Introduction
Nosocomial infections and sepsis pose significant life-threatening risks to critically ill patients, necessitating prompt and 
optimal antibiotic therapy. To effectively target a wide spectrum of prevalent pathogens, meropenem, a prototypical beta- 
lactam antibiotic, is the primary clinical choice for initial administration.1
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Meropenem is a hydrophilic compound characterized by a low distribution volume (~0.3 L/kg) and minimal protein 
binding (~2%). Consequently, 98% of meropenem circulates freely as microbiologically active fraction within the body. 
The compound is eliminated through the kidneys without any alteration and has a half-life of 1 hour under normal renal 
function.2 Pharmacokinetic (PK) studies have demonstrated a direct correlation between plasma clearance of meropenem 
and creatinine clearance (CLCR). Guidelines from the US Food and Drug Administration as well as the European 
Medicines Agency recommend dosage adjustments for individuals with renal impairment (CLCR≤50 mL/min).3,4 

Meropenem shows time-dependent bactericidal effects, with the most reliable pharmacodynamic (PD) indicator being 
the duration that unbound plasma meropenem levels surpass the minimal inhibitory concentration (fT>MIC). In critically 
ill patients, achieving PK/PD targets, such as maintaining 100% fT>MIC or 100% fT>4×MIC, is advocated to enhance 
clinical efficacy and avoid antimicrobial resistance.5,6

Acute kidney injury (AKI) frequently occurs as a complication among critically ill patients, particularly those who are 
afflicted by severe infections or sepsis.7 Consequently, continuous renal replacement therapy (CRRT), which encom-
passes continuous venovenous hemofiltration (CVVH), continuous venovenous hemodialysis (CVVHD), and continuous 
venovenous hemodiafiltration (CVVHDF), has been employed to address this challenge.8 The extracorporeal clearance 
(CLCRRT) for solutes in various CRRT modalities is determined by the effluent flow rate and either the sieving coefficient 
(Sc) or the saturation coefficient (Sd).

Administering meropenem rationally in critically ill patients is challenging due to its dynamic PK, which is affected 
by pathophysiological changes like an expanded volume of distribution during sepsis and modified renal function.9 

Extracorporeal clearance by the implementation of CRRT further complicated its PK behavior in vivo.10 A recent 
multicenter study revealed that approximately 25% of critically ill patients fail to attain optimal therapeutic concentra-
tions of the given antibiotics.11 This trend is especially pronounced in patients suffering from infections caused by 
pathogens with high minimum inhibitory concentration (MIC), like Pseudomonas aeruginosa and Acinetobacter bau-
mannii. Within ICUs, inadequate beta-lactam antibiotic exposure (less than 100% fT>MIC) has been associated with 
elevated mortality rates.11 Conversely, elevated beta-lactam levels (eg, ≥45 mg/L for meropenem) are tied to increased 
neurological decline in septic ICU patients.12 This highlights the delicate dosing balance needed in this special patient 
population.

Short-term infusion, typically lasting 30 minutes, is a conventional dosing method for beta-lactams in hospitalized 
patients. Nonetheless, this approach may fall short in meeting the stringent PK/PD targets of maintaining drug levels at 
100% fT>MIC or 100% fT>4×MIC, particularly among critically ill patients. Studies across various beta-lactams have 
highlighted the superiority of prolonged infusion (eg 3 hours) dosing regimens in meeting PK/PD targets and enhancing 
patient outcomes in critically ill compared to short-term infusion.13,14 The Surviving Sepsis Campaign advocates for 
prolonged beta-lactam infusion (following an initial bolus) over traditional bolus infusion for adults with sepsis or septic 
shock.15 The PK of meropenem in critically ill patients without CRRT (short-term and prolonged infusions) or with 
CRRT (short-term infusion) was extensively explored.16–19 Unfortunately, the pharmacokinetics and effectiveness of 
prolonged meropenem infusion in critically ill CRRT patients were scarcely investigated, particularly in the context of 
Chinese patients.

This study aimed to describe the population PK and assess the attainment of PK/PD targets for prolonged meropenem 
infusion in Chinese critically ill patients with renal impairment undergoing CRRT. Furthermore, the study aimed to 
explore the optimal prolonged infusion regimen for meropenem tailored to different levels of renal function using 
a simulation approach.

Methods
Study Design and Subjects
We conducted a prospective clinical PK study on meropenem within the Respiratory Intensive Care Unit (RICU) at the 
Third Xiangya Hospital affiliated with Central South University (Changsha, China) between May 2021 and April 2023. 
Eligible participants were adult patients requiring CRRT and receiving meropenem as their standard antimicrobial 
therapy. Patients who had undergone major surgical procedures within the preceding 4 weeks or were pregnant at 
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enrollment were excluded. The study protocol complied with the Declaration of Helsinki and was approved by the Ethics 
Committee at the Third Xiangya Hospital (Approval number: I21115) before the research commenced. Prior to initiating 
any study-related procedures, explicit consent was obtained from each participating subject.

Detailed demographic and clinical data for each patient were thoroughly documented, such as age, gender, body 
weight, clinical diagnosis or sepsis, and Acute Physiology and Chronic Health Evaluation (APACHE) II scores. 
Microbiological factors, including pathogen types and MIC against meropenem, were documented. Laboratory examina-
tions, such as serum creatinine (SCR), 24-hour urine volume, C-reactive protein (CRP), procalcitonin (PCT), and 
albumin, were also collected. Simultaneously, CRRT parameters, medication administration details, and sampling 
times were recorded. Furthermore, microbiological response (negative/positive) and clinical outcomes, indicating cure, 
improvement, or deterioration, along with the overall patient status regarding survival or mortality, were documented as 
PD endpoints.

Drug Administration and Sampling
Patients were empirically administered 1 g of meropenem every 8–12 hours through a 2–3 hour infusion. Blood samples 
(2 mL each) were opportunistically collected at 0–3 hours, 3–5 hours, and 5 hours following the initial meropenem dose 
or subsequent doses. Simultaneously, effluent samples (2 mL each) were collected from the CRRT post-filter line. 
Following collection, blood samples underwent immediate centrifugation to obtain plasma samples, which were subse-
quently kept at −80°C. Effluent samples, on the other hand, were directly frozen at −80°C.

Quantification of Meropenem and Its CRRT Clearance
Meropenem concentrations in both plasma and effluent samples were quantified employing a validated ultra-performance 
liquid chromatography coupled with photodiode array (UPLC-PDA) method.20 Sc was determined by dividing the 
meropenem concentration in effluent samples by the corresponding plasma concentration at the same time point. 
Given the utilization of CVVH in our RICU, the calculation of CLCRRT for each patient involved the multiplication of 
the ultrafiltrate flow rate (Quf, mL/h) by Sc.21 In practical clinical settings, the effluent flow rate is typically adjusted 
based on body weight (measured in mL/h/kg). This weight-based adjustment is known as the CRRT dose.

Population Pharmacokinetic Modeling
The analysis of meropenem concentration data was performed using the first-order conditional estimation with interac-
tion (FOCE-I) algorithm in NONMEM® (Version 7.5). This process was facilitated by Perl-speaks-NONMEM (PsN) 
(version 5.3) and the Pirana workbench (version 3.0). Data processing and visualization were carried out using R® 

software (Version 4.0.5).

Structural Model Development
We assessed one- and two-compartment models to determine the optimal structural pharmacokinetic model. Total 
meropenem clearance (CLtotal) was characterized as the sum of endogenous clearance (CLbody) and CLCRRT. CLbody 

was estimated from the concentration data, while CLCRRT was calculated individually as detailed in the preceding section. 
Inter-individual variability (IIV) in typical population parameter estimates was modeled using a log-normal distribution. 
Residual unexplained variability was assessed using additive error, proportional error, and combined proportional and 
additive error models.

Covariate Analysis
Following the establishment of structural model, demographic data, clinical characteristics and laboratory examinations 
of the study population were assessed for potential inclusion as covariates in the population PK model. Continuous 
covariates evaluated included age, body weight, Cockcroft-Gault-based creatinine clearance (CLCR), APACHE II score, 
CRP and PCT. Categorical covariates tested included sex, sepsis or other infections, AKI or chronic renal failure, and 
urine output (anuric or non-anuric).
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Initially, we analyzed plots showing empirical Bayes estimates of PK parameters plotted against subjects’ covariates 
to detect any observable patterns. Following this, covariates demonstrating potential associations based on graphical 
analysis were further explored using a stepwise approach: forward addition (p<0.05) and backward elimination 
(p<0.001).

Model Evaluation and Validation
The model selection process considered various criteria such as the objective function value (OFV), relative standard error 
(RSE) of parameter estimates, condition number, and goodness-of-fit (GOF) plots.22 A decrease of 3.84 in the OFV was 
deemed statistically significant (p<0.05) for adding a single parameter. To validate the final PK model internally, prediction- 
corrected visual predictive check (pcVPC) was performed, evaluating its predictive accuracy across 1000 virtual datasets. 
Parameter uncertainty was evaluated through bootstrap analysis, which involved resampling the dataset 1000 times.

Probability of Target Attainment
The final PK model was reparametrized, and Monte Carlo simulations were conducted using the mrgsolve package 
(version 1.4.1) in R. These simulations aimed to assess the probability of target attainment (PTA) and the associated risk 
of toxicity for various extended infusion (3-hour infusion) meropenem dosing regimens (0.5 g q6h, 0.5 g q8h, 1.0 g q6h, 
1.0 g q8h, 1.0 g q12h, 2.0 g q6h, 2.0 g q8h, and 2.0 g q12h), stratified by retained covariates. Simulations were conducted 
for each scenario using 10,000 virtual subjects, all standardized to a fixed weight of 65 kg, representing the median 
weight of the study population. The CRRT dose was set at 25 mL/h/kg. PK/PD targets, indicative of efficacy, included 
achieving 100% fT>MIC and 100% fT>4×MIC. Toxicity was defined by a trough concentration ≥45 mg/L. Pathogen MIC 
values ranging from 0.25 to 16 mg/L were considered, based on distributions for Pseudomonas spp. and Acinetobacter 
spp. sourced from the European Committee on Antimicrobial Susceptibility Testing (EUCAST) database.23 The simula-
tions evaluated the PTA and potential toxicity risk based on predicted steady-state meropenem concentrations, aiming for 
≥90% PTA as the desired PK/PD target achievement.

Results
Patient Characteristics
The population PK analysis included 21 critically ill patients undergoing CRRT, for whom 94 serum concentrations were 
collected to construct the model. The patients’ demographic information, clinical profiles, and laboratory test results are 
summarized in Table 1. The cohort predominantly comprised male patients (76.2%). Patients exhibited an average age of 
58 years, a body weight of 65 kg, an APACHE II score of 19, and a CLCR of 13.6 mL/min. Most patients were 

Table 1 Summary of Patient Characteristics Presented as Median and 
Interquartile Range (IQR) or Number of Subjects (%)

Baseline Characteristics Median IQR/ Number of  
Subjects (%)

Age (years) 58.0 54.0–71.0

Body weight (kg) 65.0 60.0–70.0

Sex

- Male 16 76.2%

- Female 5 23.8%

Main diagnose

- Sepsis/sepsis shock 5 23.8%
- Severe pneumonia 5 23.8%

- Uremia 3 14.3%

- Others (eg, renal failure) 8 38.1%

(Continued)
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diagnosed with AKI (n=7) or chronic renal failure (n=13), except for one young male patient exhibiting normal renal 
function. Sepsis or pneumonia constituted the primary infections, but only 5 patients exhibited a negative microbiological 
response following meropenem therapy. The median dose of CRRT administered was 25.76 mL/h/kg.

Population Pharmacokinetic Analysis
A one-compartment model with linear elimination effectively captured the concentration profile of meropenem, incor-
porating log-normal inter-individual variability in endogenous clearance. Residual variability was effectively captured by 
a combined proportional and additive error model. Due to limitations in our dataset, we were unable to precisely estimate 

Table 1 (Continued). 

Baseline Characteristics Median IQR/ Number of  
Subjects (%)

Renal function
- Chronic renal failure 13 61.9%

- AKI 7 33.3%

- Normal 1 4.8%

APACHEII score 19 15–26

Cockcroft–Gault creatinine clearance (mL/min) 13.6 6.9–22.2

Meropenem administration
- 1 g q8h 10 47.6%

- 1 g q12h 8 38.1%

- 1 g q6h 2 9.5%
- 0.5 g q8h 1 4.8%

Pathogen identified
- Acinetobacter baumannii 5 23.8%

- Klebsiella pneumoniae 2 9.5%
- Staphylococcus aureus 1 4.8%

- Staphylococcus capitate 1 4.8%

- Staphylococcus hominis 1 4.8%
- Escherichia coli 1 4.8%

- Enterococcus faecalis 1 4.8%

- Stenotrophomonas maltophilia 1 4.8%
- Candida cerevisiae 1 4.8%

- Unknown 7 33.3%

MIC value

- 0.25 mg/L (sensitive) 3 14.3%

- 16 mg/L (resistant) 7 33.3%
- unknown 11 52.4%

CRRT settings
- Ultrafiltrate (mL/h) 2477.5 2406.6–2559.0

- Sc 0.75 0.72–0.88

Time to negative micrological response (n=5)(days) 9.2 2.0–13.0

Clinical composite outcome
- Worse 12 57.1%

- better 8 38.1%

- cure 1 4.8%

Time to death (n=4) (days) 2.25 1.0–3.0
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IIV on the distribution volume (V). Therefore, to maintain the numerical stability of the model, the variability of this 
population parameter was fixed at zero, resulting in an increase of 9.94 points in the OFV.

In the univariable analysis, CLCR, age and sex were found to be significant covariates affecting CLbody (p<0.05). 
Through rigorous scrutiny employing forward addition and backward deletion, it was determined that age and sex did not 
remain significant covariates for CLbody after accounting for creatinine clearance. Consequently, CLCR emerged as the 
sole significant covariate retained for CLbody using an exponential model. Equation 1 in the final PK model characterized 
the CLtotal.

Where θCLbody is the typical value of endogenous clearance, and θCLCRCG represents exponential factor of CLCR on CLbody. 
ηCLbody 

is the IIV of θCLbody .
Table 2 presents the population PK parameter estimates obtained from the final model. The typical values for CLbody 

and V were determined to be 2.89 L/h and 26.0 L, respectively. These population parameters were accurately estimated, 
and their precision was confirmed by the non-parametric bootstrap analysis, detailed in Table 2.

The GOF plots of the final model are illustrated in Figure 1. Clearly, the scatterplots depicting observed concentra-
tions against both population and individual predicted concentrations showed a consistent alignment with the line of 
identity. Additionally, conditional weighted residuals (CWRES) exhibited symmetric distribution around zero across the 
entire population predictions and time after dose range. Figure 2 displays the pcVPC plot assessing the model’s 
predictive performance, illustrating close alignment between the 5th, 50th, and 95th percentiles of observed and simulated 
concentrations. These diagnostic plots affirm the robustness and predictive accuracy of our final model. The solid black 
line signifies the correlation between observations and predictions, with dashed lines indicating the unity reference line or 
CWRES boundary.

Simulations and Dosing Recommendations
Influence of Creatinine Clearance on Target Attainment
Since CLCR stood as the sole covariate included in the final population PK model, simulations were performed for 
virtual patients with stratified CLCR values of 10, 25, and 50 mL/min. Among patients with CLCR of approximately 
10 mL/min, all investigated prolonged infusion regimens demonstrated the ability in achieving >90% PTA against 
MICs≤4 mg/L for the 100% fT>MIC target (Figure S1). Similar observations were found for patients whose CLCR is 
25 mL/min, except for the 1 g q12h regimen (Figure 3). However, for patients with CLCR of 50 mL/min, the regimens 
0.5 g q8h, 1 g q12h, and 2 g q12h resulted in unacceptable attainment (PTA<70%) at an MIC of 4 mg/L (Figure S2).

Table 2 Population Pharmacokinetic Estimates for the Final Model and Bootstrap Results

Parameter Base Model 
Estimate (RSE%) 

[Shrinkage%]

Final Model 
Estimate (RSE%) 

[Shrinkage%]

Bootstrap Median 
(95% CI)

Fixed effects
θCLbody L=hð Þ 3.17 (13.0) 2.89 (10.4) 2.88 (2.39–3.39)

θCLCR – 0.0183 (19.1) 0.016 (0.0065–0.030)

θV Lð Þ 26.1 (12.8) 26.0 (12.7) 26.78 (19.51–32.41)
Inter-individual variability

ηCLbody 
(%CV) 62.8 (45.6) [3.7] 42.1 (37.4) [6.7] 40.2 (21.4–59.0)

ηV (%CV) – – –

Residual variability

Proportional error (%CV) 28.4 (17.4) [8.4] 28.6 (18.0) [8.0] 26.3 (0.018–0.103)
Additive error (mg/L) 0.129 (11.3) [8.4] 0.128 (9.8) [7.9] 0.132 (0.12–33.06)

Notes: θCLbody , typical value of endogenous clearance; θV , typical value of volume of distribution; %CV, coefficient of 
variation (calculated according to: CV %ð Þ ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
exp ω2ð Þ � 1

p
� 100%, ω2 is the variance of inter-individual variability). 

Abbreviations: RSE, relative standard error; CI, confidence interval.
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When considering 100% fT>4×MIC as the efficacy marker, only dosage schedules of 1 g q6h, 2 g q6h, and 2 g q8h 
attained the desired PTAs near or above 90% against an MIC at 4 mg/L for patients whose CLCR ranges from 
10 mL/min to 25 mL/min (Figures S1 and 3). However, only the 2 g q6h regimen achieved the anticipated PTA for 
an MIC of 4 mg/L for patients with CLCR of 50 mL/min (Figure S2). Overall, the regimens of 1 g q6h, 2 g q6h, and 2 
g q8h demonstrated desirable target achievement for patients across the studied range of creatinine clearance 
(10–50 mL/min) for an MIC of 2 mg/L.

Figure 1 Goodness-of-fit plots for the final population pharmacokinetic model of meropenem. Top left panel: Observed concentrations versus population predictions of 
meropenem. Top right panel: Observed concentrations versus individual predictions of meropenem. Bottom left panel: Conditional weighted residuals (CWRES) versus 
population predicted meropenem concentrations. Bottom right panel: CWRES versus time after dose. Gray crosses represent meropenem concentrations or CWRES 
values.
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Toxicity Risk Evaluation Across Dosing Regimens
Table 3 displays the probability of reaching the toxicity threshold for various meropenem dosing regimens in CRRT 
patients across varying levels of renal function. Among the dosing regimens considered, the following led to a risk 
exceeding 15% of reaching the toxicity threshold: 1 g q6h, 2 g q6h, and 2 g q8h for patients with a CLCR of 10 mL/min; 
2 g q6h and 2 g q8h for patients with a CLCR of 25 mL/min; and 2 g q6h for patients with a CLCR of 50 mL/min. 
However, for all other cases, the risk of toxicity is negligible.

Overall, the regimens of 0.5 g q6h and 1 g q8h could achieve desirable attainment of the 100% fT>MIC target against 
an MIC≤4 mg/L with negligible risk of toxicity for CRRT patients with a CLCR of 10–50 mL/min.

Discussion
In this study, we developed a population PK model for extended meropenem infusion in 21 critically ill patients 
undergoing CRRT. We systematically evaluated optimal dosing strategies for patients with varying degrees of renal 
impairment, assessing the likelihood of achieving PK/PD targets and potential toxicity risks. To our knowledge, this is 
the first population PK model of meropenem specifically tailored for extended infusion in CRRT patients.

Our final meropenem PK model embraced a one-compartment structure, deviating from the commonly reported two- 
compartment model. Similar to other one-compartment models derived from prolonged or continuous infusion data, the 
extended infusion method in our patient cohort potentially obscured the distribution phase and hindered the capture of 
a peripheral compartment.24,25 Although the early profile of the concentration–time curve varied between the one- and 
two-compartment models, simulation-based PTA predictions may show comparable results between the two models, 
considering meropenem’s time-dependent killing mechanism.

In our population PK analysis, we found that the typical CLbody of meropenem in CRRT patients is 2.89 L/h, with a typical 
distribution volume of 26.0 L. These values closely align with previously reported parameters from a two-compartment PK 

Figure 2 Prediction-corrected visual predictive check plot for the final population pharmacokinetic model of meropenem in CRRT patients. The black dots represent the 
observed meropenem concentrations. The solid and dashed lines represent the 5th, 50th, and 95th percentiles for the observed and simulated data, respectively. The shaded 
area represents the 90% prediction interval.
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model in CRRT patient population given short-term infusion of meropenem, which indicated a 3.03 L/h for endogenous 
clearance and 28.8 L for total distribution volume.26 Notably, in our study, the endogenous clearance is significantly lower than 
healthy subjects (15.5 L/h) and critically ill patients not undergoing CRRT (9.25 to 9.89 L/h).19,27,28 The observed decrease in 
endogenous clearance in our study can be attributed to a substantial decline in renal function (a median CLCR of 13.6 mL/min) 
among critically ill CRRT patients, highlighting the impact of renal impairment on meropenem pharmacokinetics.

Our covariate analysis revealed CLCR as the sole covariate influencing meropenem clearance, consistent with the findings of 
the majority of previously published meropenem population PK models in critically ill patients.24,29–32 However, incorporating 
the covariate effect of CLCR on CLbody only resulted in a reduction of IIV of CLbody from 62.8% to 42.1%, indicating persistent 
variability. This variability, documented in other meropenem population PK reports,33,34 is likely attributed to dynamic and 
complex pathophysiological changes whose impact on meropenem PK is challenging to capture.28,35

Our model-based simulation analysis demonstrated that 0.5 g q6h and 1 g q8h could achieve a balanced attainment of 
100% fT>MIC target against an MIC≤4 mg/L, while minimizing the risk of toxicity for critically ill CRRT patients with CLCR 
ranging from 10 mL/min to 50 mL/min. Furthermore, 1 g q6h is also a feasible treatment option for CRRT patients having 

Figure 3 PTA versus MIC profiles for different meropenem dosing regimens (3h infusion) in critically ill patients (CLCR=25 mL/min) receiving a CRRT dose of 25 mL/h/kg 
based on the PK/PD targets of 100% fT>MIC (upper panel) and 100% fT>4×MIC (lower panel). The dashed horizontal line represents a PTA of 90. 
Abbreviations: PTA, probability of target attainment; MIC, minimum inhibitory concentration; CLCR, creatine clearance; fT>MIC, the time fraction of dosing interval that 
free concentration of the drug remains above the MIC.
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a CLCR of 50 mL/min. This finding is consistent with the study by Lan et al, where they showed that 1 g q6h with a 2-hour 
infusion duration was adequate to achieve 100% fT>MIC target in their critically ill population. In their cohort, which included 
16 out of 48 patients receiving CRRT, the mean CLCR was 45.9 mL/min.36 It is important to highlight that critically ill CRRT 
patients with varying degrees of renal functions may yield different dosing recommendations across reported studies. For 
instance, Seyler et al demonstrated 1 g q12h with a 0.5 h infusion is adequate for targeting 100% fT>MIC for an MIC≤4 mg/L in 
CRRT patients with AKI.37 In contrast, our study revealed that a regimen of 1 g q12h with a 3-hour infusion failed to achieve 
a desirable attainment of 100% fT>MIC in CRRT patients having a CLCR of 50 mL/min. Furthermore, varying proposed 
infusion durations can introduce additional considerations when comparing recommended regimens across studies (eg, 
2 hours versus 3 hours). For example, Padulles et al suggested a regimen of a 0.5 g q8h with a 2-hour infusion for CRRT 
patients with AKI,38 while our study focused on a 3-hour prolonged infusion. In recent years, a 24-hour continuous infusion of 
meropenem has also been reported for critically ill patients.14 While continuous infusion is expected to offer significant 
advantages in achieving PK/PD targets, the susceptibility of meropenem to degradation at room temperature should not be 
overlooked. Fawaz et al declaimed meropenem could be administered continuously for a minimum of 7 hours under 
conditions where the temperature does not exceed 22°C, and for 5 hours if the temperature remains below 33°C.39

Choosing different PK/PD targets, for example 100% fT>MIC versus 100% fT>4×MIC, could also yield distinct dosing 
recommendations, as demonstrated in our simulations. Despite in vitro studies demonstrating that 100% fT>4×MIC is 
associated with maximal bacterial killing,40 the microbiological response does not necessarily translate to clinical 
outcome benefits. In a sepsis rat model, our previous study showed that the treatment groups attaining 100% fT>MIC 

and 100% fT>4×MIC did not exhibit a significant difference in survival outcomes.41 Once again, our multistate survival 
model in critically ill patients administered meropenem revealed that attaining 100% fT>4×MIC target does not provide 
additional survival benefits compared to achieving 100% fT>MIC.42 Considering these facts, our dosing recommendation 
for CRRT patients was mainly based on the target of 100% fT>MIC.

Several limitations warrant note in this study. First, the limited sample size impedes our ability to correlate the computed 
fT>MIC with the microbiological and clinical outcomes. Second, this was a single-center study involving meropenem 
administration to CRRT patients with minimal residual renal function. As a result, the dosing recommendations derived 
from our model may not be generalizable to other CRRT patients with preserved renal function.

Conclusion
In summary, we developed a population PK model for extended meropenem infusion in critically ill Chinese patients 
undergoing CRRT. Creatinine clearance was identified as the only factor influencing endogenous clearance. According to 
our simulations, we recommend administering 0.5 g every 6 hours or 1 g every 8 hours as a 3-hour infusion to achieve 
adequate plasma exposure for patients infected with non-resistant pathogens.

Table 3 Risk of Toxicity for Different Prolonged Infusion (3 h) 
Dosing Regimens of Meropenem in CRRT Patients with 
Different Creatinine Clearance (CLCR)

Dosing Regimens CLCR

10 mL/min 25 mL/min 50 mL/min

0.5 g q6h 0 0% 0%

0.5 g q8h 0 0 0%

1 g q6h 19.07% 6.06% 0.36%
1 g q8h 0.88% 0.13% 0

1 g q12h 0 0 0

2 g q6h 85.31% 64.66% 22.45%
2 g q8h 45.19% 21.11% 2.62%

2 g q12h 2.00% 0.34% 0
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