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Abstract: Objective: Dose optimization of ceftazidime-sulbactam (CFP-SUL) and levofloxacin (LVFX) for pneumonia 
and urinary tract infections in patients with hepatic insufficiency. Methods: A total of 100 patients were recruited 
from the First People’s Hospital of Chun’an County and Hanchuan People’s Hospital between January 2018 and 
November 2024. It compared two groups, with primary endpoints (successful intention-to-treat, treatment failure, 
7-day clinical cure rate, time to cure, symptom improvement), secondary endpoints (reasons for treatment failure, 
free time (fT) > minimal inhibitory concentration (MIC) target achievement, adverse event incidence), and performed 
a subgroup analysis. Results: CFP-SUL’s MIC values against bacterial isolates ranged from 16 to 256 mg/L, with 
36.70% resistant and 63.60% susceptible. LVFX’s MIC ranged from 0.25 to 64 mg/L. Compared with the standard-
dose group, the model-guided group showed a significantly higher success rate (98.00% vs. 80.00%), a greater 
proportion of 7-day clinical cures (68.00% vs. 54.00%), a higher rate of achieving the CFP-SUL pharmacodynamic 
target (86.00% vs. 70.00%), and a higher rate of achieving targets for both drugs (74.00% vs. 61.00%, P<0.05). 
The incidence of treatment failures (8.00% vs. 19.00%) and adverse events (5.00% vs. 16.00%) was lower in the 
model-guided group (P<0.05). Compared with Child-Pugh Class B, Class C patients had a lower incidence of adverse 
reactions (3.75% vs. 15.00%, P<0.05) and a higher overall treatment success rate for pneumonia and urinary tract 
infections (92.50% vs. 82.50%, P<0.05). Conclusion: Model-guided CFP-SUL with LVFX dose optimization in pneu-
monia with urinary tract infection and hepatic dysfunction improves patient acceptance of intention-to-treat and 
treatment outcomes.
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Introduction

Patients with hepatic impairment are prone to 
life-threatening infectious diseases due to 
compromised immune function and metabolic 
abnormalities, particularly pneumonia and uri-
nary tract infections [1]. It has been reported 
that the mortality rate of patients with cirrhosis 
accompanied by infection increases four times 
[2]. Studies have also demonstrated that am- 
ong critically ill patients with liver disease, the 
30-day mortality rate associated with pneumo-
nia increases by 2.95 times [3]. Additionally, 
the incidence rate and mortality rate of urinary 
tract infections in patients with hepatic impair-
ment rise significantly, resulting in prolonged 

hospital stays and increased economic burdens 
[4]. These infections not only exacerbate the 
patients’ condition but also profoundly impact 
treatment outcomes and prognosis.

The liver, as a crucial organ for metabolism and 
detoxification in the body, when its function is 
impaired, not only affects drug metabolism and 
clearance but may also result in drug accumula-
tion in the body, thereby elevating the risk of 
adverse events [5]. Cefoperazone-sulbactam 
(CFP-SUL) and levofloxacin (LVFX) are widely 
employed broad-spectrum antibiotics in clinical 
practice for the treatment of various bacterial 
infections [6, 7]. CFP-SUL is primarily excreted 
via the biliary system, whereas LVFX is mainly 
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metabolized by the kidneys [8, 9]. However, 
severe hepatic dysfunction can substantially 
alter the metabolic pathways of these two 
drugs. Hepatic dysfunction may diminish the 
biliary excretion of CFP-SUL, prolonging its half-
life in the body, thereby heightening the risk of 
drug accumulation and toxicity reactions [10]. 
Additionally, the renal excretion of LVFX may 
also be influenced by reduced renal blood flow 
resulting from hepatic dysfunction, thereby fur-
ther complicating the drug clearance process 
[11]. These changes may not only result in a 
reduction of the efficacy of antimicrobial thera-
py but also augment the risk of serious adverse 
events for patients, especially when used in 
combination. Furthermore, the complexity of 
treating hepatic dysfunction combined with 
concurrent dual infections of pneumonia and 
urinary tract further exacerbates the difficulty 
and challenges of treatment. Traditional fixed-
dose antibiotic regimens often find it challeng-
ing to balance efficacy and safety, often falling 
short of meeting the individualized treatment 
needs of patients. Therefore, investigating 
more precise drug dosage adjustment strate-
gies has become an imperative issue to 
address.

In recent years, the utilization of model-guid- 
ed strategies for optimizing antibiotic therapy 
has witnessed substantial advancements, par-
ticularly among patients in the Intensive Care 
Unit (ICU). Through individualized dose adjust-
ments, these approaches have significantly 
enhanced clinical cure rates and curtailed the 
occurrence of adverse events [12, 13]. Model-
guided individualized dose optimization tech-
niques enable the dynamic adjustment of drug 
dosages. This is achieved by real-time monitor-
ing of patients’ blood drug concentrations or 
crucial physiological parameters. By doing  
so, they ensure optimal therapeutic drug expo-
sure while simultaneously minimizing the risk  
of toxic side effects [14]. At present, there is a 
dearth of systematic research on patients with 
hepatic dysfunction, especially those in high-
risk groups who have concurrent pneumonia 
and urinary tract infections. In light of this situ-
ation, we have devised a prospective random-
ized controlled trial. The aim of this trial is to 
validate the practical value of pharmacokinet-
ic/pharmacodynamic (PK/PD) models in pati- 
ents with hepatic dysfunction. It also seeks to 
optimize antibiotic dosage adjustment strate-

gies, elevate clinical cure rates, reduce adver- 
se events, and ultimately improve patients’ 
prognoses.

Methods

Research design

This single-blind, prospective, randomized con-
trolled clinical trial was designed to explore  
the dose optimization of a combined antibiotic 
regimen consisting of cefoperazone-sulbactam 
[National drug approval number H20084314, 
Shandong Weizhi Baike Pharmaceutical Co., 
Ltd.] and levofloxacin [National drug approval 
number H20060508, produced by FUAN Phar- 
maceutical (GROUP) Co., Ltd.] in patients with 
hepatic dysfunction (Child-Pugh class B or C) 
who also had concurrent pneumonia and uri-
nary tract infections. The dose optimization 
was guided by PK/PD modeling. A total of  
100 patients were recruited from the First 
People’s Hospital of Chun’an County and 
Hanchuan People’s Hospital between January 
2018 and November 2024. The study received 
formal approval from the Ethics Committee  
of Chun’an County First People’s Hospital 
(Approval Number: 2025-03-09-09), and all 
research procedures were carried out in strict 
compliance with the Declaration of Helsinki. 
Prior to randomization, written informed con-
sent was obtained from either all patients or 
their legal representatives. To safeguard pa- 
tient privacy and maintain data integrity, all 
research data were subjected to two rounds of 
rigorous review.

Participants

Inclusion criteria: (1) Aged 18 years and ab- 
ove. (2) Diagnosed with community-acquired  
or hospital-acquired pneumonia complicated 
with urinary tract infection according to Gui- 
delines for the Diagnosis and Management  
of Community-Acquired and Hospital-Acquired 
Pneumonia in Adults and Expert consensus on 
diagnosis and treatment of urinary tract infec-
tions [15, 16]. (3) Hepatic dysfunction (Child-
Pugh B or C grade) [17]. (4) Agreed to sign an 
informed consent form.

Exclusion criteria: (1) History of allergy or resis-
tance to CFP-SUL or LVFX. (2) Pregnant or lac-
tating women. (3) Severe renal insufficiency 
[Glomerular Filtration Rate (GRF) <30 ml/min]. 
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(4) Concurrent use of medications that may 
affect drug metabolism [such as potent cyclo-
phosphamide (CYP) inhibitors/inducers]. (5) 
Participation in other clinical trials. (6) Presen- 
ce of other severe complications. (7) History of 
drug abuse or dependence. (8) Presence of 
such complications as respiratory failure or 
sepsis.

Randomization and blinding

Patients were prospectively recruited and com-
pleted enrollment and randomization within 24 
hours of hospital admission. Randomization 
was conducted with a computer-generated ran-
dom number table with central randomization 
to ensure allocation concealment. Due to the 
personalized dose adjustments in the study, 
blinding was not feasible. To minimize mea- 
surement and assessment bias, an assessor-
blinded approach was adopted. Specifically, 
the evaluation of primary and secondary end-
points was conducted by an independent  
committee or researchers who were unaware 
of the patients’ group assignments. All statisti-
cians also remained blinded to the group allo-
cations until the final analysis was completed. 
During the research process, if a patient expe-
rienced severe adverse events, no longer met 
the inclusion criteria, or could not continue the 
trial due to changes in their condition, the 
researcher could decide to withdraw the pa- 
tient from the trial based on the specific cir-
cumstances, with detailed reasons for with-
drawal recorded. Patients who were lost to  
follow-up were considered as dropouts. All with-
drawals and dropouts were documented in the 
Case Report Form (CRF) or Electronic Data 
Capture system (EDC) to minimize bias and 
maintain the integrity of the study results.

Grouping and model selection

Grouping: (1) Model-guided group: Following 
randomization, a 7-day observation period was 
established. For each patient, blood samples 
were required to be collected within 24 hours 
after the initial administration to evaluate the 
practical implementation of early dose-adjust-
ment strategies for CFP-SUL and LVFX. Speci- 
fic collection times were designated to be with-
in the range of 15 to 30 minutes prior to the 
subsequent dose, in compliance with standard 
sampling procedures. The schedule for follow-
up blood sample collection was as follows: the 

first follow-up blood sample was to be collect- 
ed on day 3, followed by blood sample collec-
tion on day 5 and day 7. Blood samples were 
collected 30 minutes before and after the  
subsequent dose for the accurate determina-
tion of drug concentrations using high-perfor-
mance liquid chromatography-tandem mass 
spectrometry (HPLC-MS/MS) to monitor trou- 
gh and peak concentrations. (A). CFP-SUL  
Dose Adjustment: The JPKD program software  
(version 3.1, website: http://pkpd.kmu.edu.tw/
jpkd) served as the development platform. The 
User-defined Bayesian Model (UDBM) module 
within the JPKD software was employed for  
programming based on existing Population 
Pharmacokinetics (PPK) models to generate 
corresponding parameters for dose adjust- 
ment with the objective of achieving fT>MIC 
(the free drug time above the minimum inhibi-
tory concentration). Dose adjustments were 
made based on T>MIC values: increase dose 
when T>MIC≤90%, consider increasing dose 
when T>MIC=90%-100%, maintain dose when 
T>MIC=100% and steady-state minimum drug 
concentration <10MIC, and decrease dose 
when steady-state minimum drug concentra-
tion >10MIC. (B). LVFX Dose Adjustment:  
Dose adjustments were dynamically made 
based on the patient’s hepatic function status 
to ensure area under the curve (AUC)/minimal 
inhibitory concentration (MIC) >100. Dosage 
frequency or dose was adjusted promptly to 
maintain blood drug concentrations within  
the effective range: increase dose when AUC/
MIC≤113, consider increasing dose when  
AUC/MIC=113-125, maintain dose when AUC/
MIC=125-500, and decrease dose when AUC/
MIC≥500 [18].

(2) Standard-dose group: (A). CFP-SUL: Admi- 
nistered at a dose of 2 g/1 g via intravenous 
infusion every 12 hours. (B). LVFX: Given as 
500 mg through intravenous infusion once a 
day. The duration of treatment spanned from 5 
to 14 days, contingent upon the improvement 
in the patient’s clinical symptoms. Refer to 
Figure 1 for details regarding the flowchart.

Dose adjustments were performed by inputting 
the measured plasma drug concentrations, 
individual patient information, and other rele-
vant data into the JPKD software. The soft- 
ware generated individualized pharmacokinetic 
parameters and simulated the concentration-
time curve under the current dosing regimen, 
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as well as the attainment of the target PK/PD 
values. Based on the simulation results and 
predefined target goals, the JPKD software 
automatically calculated and provided dose 
adjustment recommendations. However, the 
software-generated dosing recommendations 
were not implemented automatically. Instead, 
they were reviewed and evaluated by an 
unblinded study physician.

Sample size estimation: The sample size calcu-
lation for this study was performed with “Z 
Tests for Two Proportions” module in PASS  
software (Version 2023; NCSS, LLC, Kaysville, 
Utah, USA) [19]. Based on relevant studies  
[12], assuming clinical cure rates of 90% in the 
model-guided group and 75% in the standard-
dose group, under the conditions of a two-sid-
ed significance level of α=0.05 and a test 
power (1-β) of 0.80, PASS calculations deter-
mined that approximately 90 subjects were 
needed in each group. To account for a poten-
tial 10% dropout rate, the sample size for each 
group was increased to 100 subjects.

Therapeutic drug monitoring: Plasma concen-
trations of both agents were quantified using a 

fully validated HPLC-MS/MS method. Whole 
blood samples collected from patients were 
promptly centrifuged at 3,000 rpm for 10 min-
utes to separate plasma, which was then stor- 
ed at -80°C until analysis. Prior to analysis, ali-
quots of plasma samples underwent protein 
precipitation. An internal standard working so- 
lution and a precipitating agent were added, fol-
lowed by vortex mixing and high-speed centrifu-
gation. The resulting supernatant was injected 
into the HPLC-MS/MS system for analysis.

Model selection: (1) Cefoperazone-sulbactam: 
The efficacy of this drug is related to the per-
centage of time the drug concentration not 
bound within the dosing interval exceeds the 
MIC (%T>MIC). For patients with severe infec-
tions, achieving a target of 100% T>MIC is rec-
ommended to ensure optimal therapeutic out-
comes [18]. Based on literature reports [20], 
for CFP-SUL, the following model was selected 
for use in the JPKD as an embedded calcula-
tion model:
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Where Vd is the volume of distribution (L), rep-
resenting the distribution of the drug in the 
body; CL is the clearance rate (L/h), the rate at 
which the drug is cleared through metabolism 
and excretion; t1/2 is the elimination half-life (h), 
the time required for the drug concentration to 
halve; eGFR is the estimated glomerular filtra-
tion rate (mL/min/1.73 m2) with the Schwartz 
formula; Weight is the weight (kg); Dose is the 
dosage (mg); AUC is the area under the con- 
centration-time curve (mg·h/L), used to assess 
drug exposure; MIC is the minimum inhibitory 
concentration (mg/L), the minimum effective 

Figure 1. Research process flowchart. Note: CFP-
SUL: Cefoperazone-sulbactam; LVFX: Levofloxacin.
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concentration of the antibiotic against the 
pathogen; eηVd is the random effect of the distri-
bution volume; eηCL is the random effect of the 
clearance rate; Q is the distribution rate con-
stant of the drug; f (Cef, Sulb) is the free drug 
concentration (active drug concentration not 
bound to proteins) measured at each sampling 
time.

(2) Levofloxacin: According to literature reports 
[21], for levofloxacin, the following model was 
selected for use in the JPKD as an embedded 
calculation model:
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General concentration prediction and dos- 
age adjustment formulas: (1) Cefoperazone-
sulbactam: a. Concentration prediction formula 
for multiple dosing:
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b. Dosage adjustment based on the T>MIC 
standard is as follows:
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c. At steady state, the formula for predicting 
blood drug concentration after multiple dosing 
is:

C C ess, trough ss, peak
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- $

Where C(t) is the drug concentration at time t 
(usually plasma concentration); D is the single 
dose (in mg or μg); V1 is the central compart-
ment distribution volume; ke is the drug elimina-
tion rate constant; k12 is the rate constant of 
transfer from the central compartment to the 
peripheral compartment; k21 is the rate con-
stant of transfer from the peripheral compart-
ment back to the central compartment; MIC is 
the minimum inhibitory concentration of the 
drug; CL is the drug clearance rate; Tint is the 
dosing interval; fu is the fraction of free drug 
(active drug not bound to proteins); f>MIC is the 
target percentage of time the blood drug con-
centration is above MIC; Css, trough is the trough 
concentration at steady state.

(2) Levofloxacin: a. Steady-state concentration 
prediction formula for single intravenous injec-
tion dosing:
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D e 1

1
V
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b. Dosage adjustment based on the AUC/
MIC>100 standard is as follows:

Required Dose = AUCtarget × CL

c. At steady state, the formula for predicting 
blood drug concentration after multiple dosing 
is:
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CL T= $
- $

Where Cpeak is the peak concentration; AUC is 
the area under the drug-time curve (mg·h/L), 
used to assess drug exposure; MIC is the  
minimum inhibitory concentration; AUC target 
is the target AUC (usually 100 times the MIC); 
Css, trough is the trough concentration at steady 
state.

Evaluation indicators

General information of patients and other  
clinical pathological factors: (1) General 
Information: Age, gender, body mass index 
(BMI), smoking history, alcohol history, liver 
function status (categorized as Child-Pugh 
score B or C), presence of diabetes, chronic 
obstructive pulmonary disease (COPD), pres-
ence of cardiovascular disease, type of pneu-
monia infection (including community-acquir- 
ed pneumonia, hospital-acquired pneumonia, 
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etc.), infecting pathogens. (2) Laboratory Ex- 
amination Indicators: White blood cell count 
(WBC), red blood cell count (RBC), hemoglobin 
(Hb), platelet count, alanine aminotransferase 
(ALT), aspartate aminotransferase (AST), total 
bilirubin (TBIL), creatinine (Cr), blood urea nitro-
gen (BUN), estimated glomerular filtration rate 
(eGFR), C-reactive protein (CRP), procalcitonin 
(PCT), urine white blood cell count, urine red 
blood cell count, urine bacterial culture resul- 
ts. (3) Bacterial Isolate MIC Values: For all 
patients, bacterial isolates would be obtained 
and the minimum inhibitory concentration 
(MIC) of each isolate would be determined. If 
pathogens are not isolated from a patient, the 
MIC values most sensitive to potential patho-
gens for that patient would be selected based 
on local bacterial epidemiological information 
at the research center.

Main endpoints: (1) Number of Patients Suc- 
cessfully Receiving Intended Treatment: The 
total count of patients who are capable of com-
mencing and adhering to the prescribed antibi-
otic treatment regimen as outlined. (2) Number 
of Treatment Failures: The aggregate number of 
patients who failed to attain the pre-estab-
lished treatment objectives within the study 
timeframe, or who were unable to proceed with 
the study protocol owing to severe adverse 
events, premature cessation of treatment, or 
other factors. (3) Time from Treatment to Clini- 
cal Cure Hospitalization: The time from the  
initiation of antibiotic treatment (i.e., time of 
first dose) to when the patient meets the clini-
cal cure criteria (i.e., complete resolution of 
pneumonia and urinary tract infection symp-
toms) in terms of hospitalization days. Clinical 
cure assessment criteria include: restoration  
of body temperature to the normal range 
(36.5°C-37.5°C); normalization of white blood 
cell count (4.00-11.00×109/L); absence of ral- 
es, wheezing, or other abnormal respiratory 
sounds upon auscultation; normal urine analy-
sis results with no leukocytes, red blood cells, 
or bacterial increase; imaging studies showing 
complete resolution of pulmonary inflamma- 
tory lesions without any new infiltrates or nod-
ules. Imaging recovery serves as an additional 
criterion, and all other indicators must be met 
concurrently. (4) Number of Patients with 
Clinical Cure within 7 Days: The count of 
patients who experience the complete resolu-
tion of pneumonia and urinary tract infection 

symptoms within 7 days following the initial 
antibiotic treatment. (5) Pneumonia Improve- 
ment Time: The time span needed for a signifi-
cant improvement in pneumonia symptoms 
from the commencement of antibiotic treat-
ment. This includes the restoration of body 
temperature to the normal range (36.5°C- 
37.3°C); the absence of rales, wheezing, or 
other abnormal respiratory sounds upon aus-
cultation; and a reduction of at least 50% in  
the area of pulmonary inflammatory lesions. (6) 
Urinary Tract Infection Improvement Time: The 
time taken for the restoration of body tempera-
ture to the normal range (36.5°C-37.3°C), the 
disappearance of urinary system symptoms, 
and the normalization of urine analysis results 
with no elevation in leukocytes, red blood cells, 
or bacteria.

Secondary endpoints: (1) Reasons for Treat- 
ment Failure: Reasons why the predetermined 
treatment goals were not achieved during or 
after antibiotic treatment, necessitating treat-
ment adjustment or discontinuation. All rea-
sons for treatment failure would be categoriz- 
ed and recorded in the Electronic Data Capture 
(EDC) system. (2) Attainment Rate of free time 
(fT)>MIC Target: Evaluation of whether each 
patient achieved the fT>MIC target throughout 
the entire treatment period based on fT>MIC 
targets (such as CFP-SUL fT>MIC≥50%, LVFX 
fT>MIC≥30%), calculating the proportion of 
patients in the model-guided group and stan-
dard-dose group who simultaneously achieved 
the CFP-SUL and LVFX fT>MIC targets. (3) In- 
cidence of Adverse Events: Incidence of chang-
es in liver function indicators (such as ALT, AST, 
bilirubin, etc.) and other drug-related toxic reac-
tions (such as allergic reactions, gastrointesti-
nal reactions, etc.) throughout the entire treat-
ment period. All adverse events would be 
meticulously documented in the EDC system, 
including event type, occurrence time, severity, 
and management measures.

Statistical analysis

The experimental data collected were analyzed 
with SPSS version 26.0. For normality testing, 
the Shapiro-Wilk test was employed. Among  
the continuous variables within the experimen-
tal dataset, those adhering to a normal distri-
bution were characterized using the mean ± 
standard deviation (

_
x±s) (including age, BMI, 
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clinical pathology, etc.). Continuous variables 
that did not conform to a normal distribu- 
tion were described using the median along 
with quartiles [M (Q25, Q75)] (such as time  
from treatment to clinical cure hospitalization). 
Categorical variables were presented in terms 
of frequency and corresponding percentages 
[n, (%)] (including main endpoints, etc.). A  
significance level of P<0.05 was deemed sta-
tistically significant for determining differenc- 
es.

Results

General information of patients and other clini-
cal pathological factors

A total of 200 eligible hospitalized patients 
were enrolled in this study. When comparing 
the two groups, it was found that there were no 
statistically significant differences in terms of 
general baseline characteristics, types of pneu-
monia infection, and predominant pathogens 
causing pneumonia (P>0.05). Among all the 
patients included, based on their liver function 
status, 120 patients were classified as having 
a Child-Pugh score of B, while 80 patients were 
classified as having a Child-Pugh score of C. 
The distribution of the Child-Pugh B/C ratios did 
not exhibit any statistically significant differ-
ences between the two groups (P>0.05), as 
detailed in Table 1. At the time of enrollment, 
the laboratory examination indicators did not 
show any significant differences between the 
two groups (P>0.05), as presented in Table 2. 
The results of drug sensitivity testing indicated 
that the Minimum Inhibitory Concentration 
(MIC) values of CFP-SUL against the bacterial 
isolates ranged from 16.00 to 256.00 mg/L. 
The resistance rate of CFP-SUL was 36.70%, 
while the sensitivity rate was 63.60%. For  
LVFX, the MIC range was 0.25 to 64.00 mg/L, 
with a resistance rate of 18.70% and a sen- 
sitivity rate of 81.30%. These findings were 
shown in Table 3 and Figure 2.

Main endpoints

(1) Number of patients successfully receiv- 
ing intended treatment: In the model-guided 
group, 92 patients successfully received the 
intended treatment, representing 92.00% of 
the group. In the standard-dose group, 81 
patients achieved the same, accounting for 
81.00% of their group. The disparity between 

the two groups was statistically significant 
(P<0.05). Number of Treatment Failures: The 
model-guided group experienced 8 cases of 
treatment failure, which is 8.00% of the group. 
In contrast, the standard-dose group had 19 
treatment failures, amounting to 19.00% of the 
group. This difference between the two groups 
was statistically significant (P<0.05). The pri-
mary causes of treatment failure included 
severe adverse events, premature discontinua-
tion of treatment, and inadequate control of  
the infection. Time from Treatment to Clinical 
Cure Hospitalization: The median hospitaliza-
tion time for the model-guided group was  
15.50 (7.00, 19.00) days, while for the stan-
dard-dose group, it was 15.50 (7.25, 20.00) 
days. There was no statistically significant dif-
ference between the two groups (P>0.05). 
Most patients demonstrated marked improve-
ment in symptoms following antibiotic treat-
ment and were able to attain clinical cure within 
the specified timeframe, which included nor-
malizing body temperature, white blood cell 
count, imaging results, and urine analysis, 
among other indicators. Number of Clinical 
Cures within 7 Days: In the model-guided  
group, 68 patients (68.00%) achieved clinical 
cure within 7 days after the first dose. In the 
standard-dose group, 54 patients (54.00%) 
reached this milestone. The difference between 
the two groups was statistically significant 
(P<0.05). For detailed information, refer to 
Table 4.

(2) Pneumonia improvement time: There was 
no significant difference in the time required  
for significant improvement in pneumonia- 
related symptoms from the start of antibiotic 
treatment between the two groups [model-
guided group mean (12.54±2.15) days vs. 
Standard-dose group (12.65±2.84) days, P> 
0.05]. Urinary Tract Infection Improvement 
Time: The time required for improvement in  
urinary tract infection symptoms was similar 
between the two groups (model-guided group 
mean (13.54±3.21) days vs. Standard-dose 
group mean (13.34±3.17) days, P>0.05). The 
majority of patients had normal urine analysis 
results within the specified time frame. See 
Figure 3 for details.

Secondary endpoints

(1) Reasons for treatment failure: The main rea-
sons for treatment failure in both groups includ-
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ed severe adverse events (0 cases in the mod-
el-guided group vs. 3 cases in the standard- 
dose group), premature treatment discontinua-
tion (2 cases in the model-guided group vs. 7 
cases in the standard-dose group), disease 
progression or the need for a change in treat-
ment plan (6 cases in the model-guided group 
vs. 9 cases in the standard-dose group). There 
was a statistically significant difference in the 
distribution of reasons (P<0.05), and all failure 
reasons have been recorded in the EDC sys-
tem. Attainment Rate of fT>MIC Target: Thr- 

oughout the treatment process, 86 patients 
(86.00%) in the model-guided group and 70 
patients (70.00%) in the standard-dose group 
achieved the fT>MIC≥50% target with CFP- 
SUL (P<0.05). The attainment rates for LVFX 
fT>MIC≥30% were 80.00% vs. 72.00% (P> 
0.05). The proportion of patients simultane-
ously achieving the CFP-SUL and LVFX fT>MIC 
targets had a statistically significant differen- 
ce (P<0.05) (model-guided group 75.00% vs. 
standard-dose group 61.00%, P<0.05). Incid- 
ence of Adverse Events: The incidence of 

Table 1. Comparison of general information for patients in model-guided group and standard-dose 
group

Indicator Total Model-Guided  
Group (n=100)

Standard-Dose  
Group (n=100) t/χ2 Value P Value

Age (years) 200 (100.00%) 71.54±3.45 70.94±3.33 1.251 0.212
Gender 0.084 0.772
    Male 122 (61.00%) 60 (60.00%) 62 (62.00%)
    Female 78 (39.00%) 40 (40.00%) 38 (38.00%)
BMI (kg/m2) 21.29±1.52 21.29±1.54 21.30±1.51 0.046 0.963
Smoking History 0.874 0.350
    Yes 58 (29.00%) 26 (26.00%) 32 (32.00%)
    No 142 (71.00%) 74 (74.00%) 68 (68.00%)
Alcohol-Drinking History 0.092 0.762
    Yes 64 (32.00%) 33 (33.00%) 31 (31.00%)
    No 136 (68.00%) 67 (67.00%) 69 (69.00%)
Child-Pugh Score 0.750 0.386
    B Grade 120 (60.00%) 57 (57.00%) 63 (63.00%)
    C Grade 80 (40.00%) 43 (43.00%) 37 (37.00%)
Diabetes 0.023 0.879
    Yes 63 (31.50%) 32 (32.00%) 31 (31.00%)
    No 137 (68.50%) 68 (68.00%) 69 (69.00%)
Chronic Obstructive Pulmonary Disease 0.157 0.692
    Yes 30 (15.00%) 14 (14.00%) 16 (16.00%)
    No 170 (85.00%) 86 (86.00%) 84 (84.00%)
Cardiovascular Disease 0.094 0.760
    Yes 62 (31.00%) 30 (30.00%) 32 (32.00%)
    No 138 (69.00%) 70 (70.00%) 68 (68.00%)
Pneumonia Infection Type 0.331 0.565
    Community-Acquired 118 (59.00%) 57 (57.00%) 61 (61.00%)
    Hospital-Acquired 82 (41.00%) 43 (43.00%) 39 (39.00%)
Pneumonia Pathogen 0.790 0.940
    Klebsiella Pneumoniae 84 (42.00%) 41 (41.00%) 43 (43.00%)
    Streptococcus Pneumoniae 51 (25.50%) 24 (24.00%) 27 (27.00%)
    Hemophilus Influenzae 26 (13.00%) 11 (11.00%) 15 (15.00%)
    Escherichia Coli 29 (14.50%) 14 (14.00%) 15 (15.00%)
    Others 18 (9.00%) 10 (10.00%) 8 (8.00%)
Note: BMI: Body mass index.
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adverse events throughout the treatment pro-
cess was 5.00% (5/100) in the model-guided 
group and 16.00% (16/100) in the standard-
dose group, with a statistically significant dif- 
ference (P<0.05). The most common adverse 
events included mild to moderate liver function 
abnormalities (elevated ALT, AST), gastrointes-
tinal reactions, and rashes, all of which were 
reversible or controllable. Severe adverse 
events (SAEs) like severe allergic reactions to 
drugs, acute liver failure, were rare. See Table 5 
and Figure 4 for details.

(2) Child-Pugh B/C subgroup analysis: When 
stratifying by liver function, there was little 
overall difference between Child-Pugh B and C 
patients in the main endpoints. However, fur-

ther subgroup analysis revealed that after ad- 
justing individualized drug doses, the incidence 
of adverse reactions significantly decreased in 
Child-Pugh C patients (3.75% vs. 15.00%, P< 
0.05) in both the model-guided and standard-
dose groups. This reduction was mainly attrib-
uted to a decrease in liver function-related 
events and a faster resolution of pneumonia 
and urinary tract infections. The number of  
successfully treated patients also increased 
accordingly (92.50% vs. 82.50%, P<0.05). See 
Table 6 for details.

Discussion

Pneumonia complicated by a concurrent uri-
nary tract infection represents a prevalent and 
intricate infectious disease in clinical settings, 
particularly presenting substantial treatment 
hurdles for patients with compromised liver 
function [22]. The combined administration of 
CFP-SUL and LVFX is a frequently employed 
therapeutic approach. However, hepatic dys-
function can significantly disrupt drug metabo-
lism and clearance, resulting in drug accumula-
tion within the body and an elevated risk of 
adverse reactions [23]. This, in turn, may 

Table 2. Comparison of other clinical pathological factors for patients in model-guided group and 
standard-dose group

Indicator Total Model-Guided  
Group (n=100)

Standard-Dose  
Group (n=100) t/χ2 Value P Value

WBC (×109/L) 5.49±1.72 5.54±1.76 5.44±1.77 0.401 0.689
RBC (×1012/L) 4.89±0.51 4.93±0.56 4.85±0.50 1.066 0.288
Hb (g/L) 140.66±10.64 142.00±10.54 139.50±10.57 1.675 0.096
ALT (U/L) 18.47±5.33 18.90±5.97 18.00±5.93 1.070 0.286
AST (U/L) 15.76±2.43 15.40±3.08 16.00±2.81 1.439 0.152
TBIL (μmol/L) 8.53±1.19 8.55±1.18 8.52±1.93 0.133 0.895
Cr (μmol/L) 118.23±10.02 119.87±9.20 117.98±10.20 1.376 0.170
BUN (mmol/L) 9.71±2.03 9.55±2.11 9.84±2.64 0.858 0.392
eGFR (ml/min/1.73 m2) 49.13±7.22 48.90±7.26 49.57±10.31 0.531 0.596
CRP (mg/L) 47.49±10.31 47.66±10.61 46.97±11.21 0.447 0.655
PCT (%) 0.24±0.11 0.24±0.05 0.25±0.10 0.894 0.372
Urine White Blood Cell Count 0.142 0.707
    Positive 34 (17.00%) 16 (16.00%) 18 (18.00%)
    Negative 166 (83.00%) 84 (84.00%) 82 (82.00%)
Urine Red Blood Cell Count 0.035 0.852
    Positive 35 (17.50%) 18 (18.00%) 17 (17.00)
    Negative 165 (82.50%) 82 (82.00%) 83 (83.00%)
Note: WBC: White blood cell; RBC: Red blood cell; Hb: Hemoglobin; ALT: Alanine aminotransferase; AST: Aspartate amino-
transferase; TBIL: Total bilirubin; Cr: Creatinine; BUN: Blood urea nitrogen; eGFR: Estimated glomerular filtration rate; CRP: 
C-reactive protein; PCT: Plateletcrit.

Table 3. Results of drug sensitivity testing for 
all participants (mg/L)

Indicator
MIC (mg/L)

R/% S/%
MICrange MIC50 MIC90

CFP-SUL 16-256 64 256 36.4 63.6
LVFX 0.25-64 0.25 0.5 18.7 81.3
Note: MIC: Minimum inhibitory concentration; S: Suscep-
tibility; R: Resistance.
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adversely affect the overall treatment efficacy. 
Consequently, investigating model-guided dose 
optimization strategies holds paramount clini-
cal importance. This study revealed that, in 
patients with impaired liver function suffering 
from pneumonia and concurrent urinary tract 
infections, the dose optimization of CFP-SUL 
combined with LVFX, when guided by a model, 
led to enhanced patient compliance with the 
intended treatment regimen and superior  
treatment outcomes. The findings of this study 
demonstrate that the model-guided group out-
performed the standard-dose group across 
several key metrics. These include the number 
of patients who successfully adhered to the 
intended treatment, the number of patients 
achieving clinical cure within 7 days, the attain-
ment rate of the fT>MIC (time above the 
Minimum Inhibitory Concentration) target, and 
the incidence of adverse events. Specifically, 
the attainment rate in the model-guided group 
reached 75.00%, in contrast to 61.00% in the 
standard-dose group. Moreover, the adverse 
event rate in the model-guided group was a 
mere 5.00%. These disparities were found to 
be statistically significant when compared to 
the standard-dose group. Additionally, patients 

broader [24]. In the model-guided group, pre-
cise dose adjustments are made based on indi-
vidual patient characteristics (such as liver 
function status, drug metabolism capacity, 
etc.) using accurate PK/PD models. This en- 
sures that the drug achieves more effective 
concentrations in the body, thereby rapidly  
controlling the infection and enhancing treat-
ment efficacy [25]. This personalized dosing 
approach increases patient tolerance and  
compliance with treatment, thereby improving 
the likelihood of successful acceptance of 
intended treatment and clinical cure within 7 
days [26]. In contrast, standard fixed-dose  
regimens do not account for individual patient 
differences, which can lead to some patients 
receiving inadequate drug doses, rendering  
the infection inadequately controlled, or exces-
sive drug doses, increasing the risk of adverse 
reactions, thereby impacting treatment effi- 
cacy and patient willingness for treatment. 
Previous research by Zhang et al. [27] has  
also explored drug dosing optimization, with 
findings consistent with those of the current 
study, demonstrating improved treatment out-
comes following dose optimization. The model-
guided group, utilizing PK/PD models, can 

Figure 2. Urine bacterial culture results for all participants. Note: (A) rep-
resents Gram-negative bacteria, among which Pseudomonas aeruginosa 
accounts for the highest proportion at 57.00%, Escherichia coli accounts 
for 20.00%, Klebsiella pneumoniae accounts for 18.00%, and the rest ac-
counts for less than 5.00%. (B) represents Gram-positive bacteria. Strepto-
coccus pneumoniae accounts for the highest proportion is 84.00%, and the 
rest are less than 10.00%.

classified as Child-Pugh C (in- 
dicating severe liver dysfunc-
tion) exhibited lower rates of 
adverse events and higher 
rates of successful treatment 
under the model-guided dose 
regimen.

Previous studies have shown 
that cefoperazone is not only 
effective against Gram-posi- 
tive aerobic bacteria but also 
against a variety of Gram-
negative aerobic bacteria. 
However, its minimum inhibi-
tory concentration is affect- 
ed by the organisms that  
produce β-lactamase. When 
used in combination with sul-
bactam, it can overcome the 
effect of cefoperazone on ba- 
cteria and increase the addi-
tional coverage of anaerobic 
bacteria. Combined with the 
inherent antimicrobial activity 
of shu ba, both together, the 
sterilization effect is stronger 
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more accurately predict the pharmacokinetic 
processes of drugs in the patient’s body, ad- 
justing drug doses to maintain drug concentra-
tions above the MIC level for a longer duration, 
thus increasing the attainment rate of the 
fT>MIC target. Prior research by Lin et al. [28] 
has similarly shown that model-guided dos- 
ing improvements impact the fT>MIC target 
attainment rate in patients with impaired liver 
function, aligning closely with the findings of 
this study. By increasing the target attainment 
rate of fT>MIC, the success rate of treatment 
can be effectively enhanced. This might be 
because β-lactam antibiotics exhibit time-
dependent bactericidal activity. When the time 
percentage of the free portion concentration 
(%fT>MIC) of CFP-SUL in the body remaining 
above MIC is relatively large, its antibacterial 
effect is significant. This is consistent with the 

doses, there were no significant differences 
between the two groups in terms of time from 
treatment to clinical cure hospitalization, pneu-
monia improvement time, and urinary tract 
infection improvement time. This outcome may 
be attributed to multiple factors. On one hand, 
infection treatment is a complex process influ-
enced by underlying patient conditions, infec-
tion severity, pathogen characteristics, and 
drug dosing [31]. Even with personalized dosing 
regimens, these factors can lead to variations 
in treatment duration among different patients 
[32]. Research of Chakraborty et al. [33] indi-
cates that patients with liver dysfunction often 
suffer from malnutrition, weakened immune 
function, and compensatory changes in multi-
ple organ functions. These factors can affect 
the treatment process and prognosis of 
patients, suggesting that the basic liver func-

Table 4. Comparison of treatment intention and treatment outcomes for patients in model-guided 
group and standard-dose group

Indicator Total Model-Guided  
Group (n=100)

Standard-Dose  
Group (n=100)

Z/χ2  
Value

P  
Value

Intention to Treat 16.547 <0.001
    Successful 178 (89.00%) 98 (98.00%) 80 (80.00%)
    Failed 22 (11.00%) 2 (2.00%) 20 (20.00%)
Treatment Outcome 5.181 0.023
    Successful 173 (86.50%) 92 (92.00%) 81 (81.00%)
    Failed 27 (13.50%) 8 (8.00%) 19 (19.00%)
Time from Treatment to Clinical Cure (days) 15.50 (7.00, 20.00) 15.50 (7.00, 19.00) 15.50 (7.25, 20.00) -0.053 0.958
Clinical Cure within 7 Days 4.119 0.042
    Yes 122 (61.00%) 68 (68.00%) 54 (54.00%)
    No 78 (39.00%) 32 (32.00%) 46 (46.00%)

Figure 3. Comparison of improvement time for patient symptoms. Note: (A) 
represents pneumonia improvement time, and (B) represents urinary tract 
infection improvement time. NS: No significance.

research results of Tannous et 
al. [29]. In contrast, the stan-
dard-dose group, due to the 
lack of consideration for indi-
vidual patient differences, may 
result in some patients’ drug 
concentrations not reaching 
effective levels, thereby reduc-
ing the fT>MIC target attain-
ment rate. fT>MIC is a crucial 
indicator affecting the efficacy 
of antimicrobial therapy, with  
a higher attainment rate of 
fT>MIC targets aiding in im- 
proving treatment outcomes 
and reducing the develop- 
ment of resistant bacteria 
[30]. Although the model- 
guided group optimized drug 
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tion status may be a key common factor influ-
encing the treatment duration, rather than 
being independently changed by dose opti- 
mization. On the other hand, sample size limi- 
tations may also influence the results. A small-
er sample size may fail to fully capture differ-
ences in treatment duration between the two 
groups.

Studies have shown that the activity of liver 
metabolic enzymes (such as cytochrome P450 
enzyme system and glucuronosyltransferase) 
in patients with liver dysfunction significantly 
decreases, leading to an extended clearance 

half-life of antibacterial drugs metabolized by 
the liver and making them prone to adverse 
reactions such as drug accumulation [34, 35]. 
Thus, in the model-guided group, adverse 
events caused by drug overdose, especially 
those related to liver function impairment, 
could be avoided by precision drug dose adjust-
ment. By optimizing drug doses, the incidence 
of other adverse reactions stemming from  
inadequate or excessive dosing is also reduced 
[36]. In contrast, the standard dose group fails 
to account for individual patient differences, 
potentially resulting in inappropriate drug dos- 
es for certain patients. This is particularly prob-

Table 5. Comparison of other treatment outcomes for patients in model-guided group and standard 
dose group

Endpoints/Indicators Total Model-Guided 
Group (n=100)

Standard-Dose 
Group (n=100) Z/χ2 Value P Value

Treatment failure 27 (13.50%) 8 (8.00%) 19 (19.00%) 7.985 0.046

    SAEs 5 (18.52%) 0 (0.00%) 5 (26.32%)

    Early treatment discontinuation 8 (29.63%) 2 (25.00%) 6 (31.58%)

    Disease progression or need for a change in treatment regimen 14 (51.85%) 6 (75.00%) 8 (42.11%)

Incidence of adverse events 22 (11.00%) 5 (5.00%) 17 (17.00%) 10.009 0.040

    Mild to moderate hepatic dysfunction 6 (27.27%) 2 (40.00%) 4 (23.53%)

    Gastrointestinal reactions 5 (22.73%) 2 (40.00%) 3 (17.65%)

    Skin rash 3 (13.64%) 1 (20.00%) 2 (11.76%)

    SAEs 8 (36.36%) 0 (0.00%) 8 (47.06%)
Note: SAEs: Serious adverse events.

Figure 4. Comparison of achievement of fT>MIC target in patients. Note: 
(A) The number of patients who achieved the target of fT>MIC≥50% during 
CFP-SUL treatment (P<0.05); (B) The number of patients who achieved the 
target of fT>MIC≥30% during LVFX treatment (P>0.05); (C) The number of 
patients who simultaneously achieved both CFP-SUL and LVFX fT>MIC tar-
gets (P<0.05). CFP-SUL: Ceftazidime-sulbactam; fT: Free time; MIC: Minimal 
inhibitory concentration; NS: No significance. ***P<0.05.
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lematic for individuals with hepatic dysfunction, 
who exhibit lower tolerance to medications. 
Even minor variations in drug doses can trigger 
adverse reactions in these patients. Therefore, 
personalized dose adjustments are crucial for 
minimizing the incidence of adverse events 
[37]. Subgroup analysis revealed that patients 
classified as Child-Pugh B experienced a higher 
frequency of adverse reactions, indicative of 
more severe liver damage and compromised 
drug metabolism and tolerance. Conversely, 
the model-guided group, through individualized 
drug dose adjustments, was better able to 
accommodate the physiological status of 
patients with Child-Pugh C classification. This 
approach reduced drug-induced liver damage 
and subsequently lowered the incidence of 
adverse events. Moreover, appropriate drug 
doses facilitated more effective infection con-
trol, leading to a more rapid resolution of pneu-
monia and urinary tract infections, and conse-
quently, an increase in the number of suc- 
cessfully treated patients [38]. In summary, 
this study represents a pioneering effort in  
optimizing drug doses using PK/PD models for 
patients with hepatic dysfunction suffering 
from dual infections, thereby addressing a sig-
nificant gap in the existing literature. By com-
paring the effects of model-guided dosing regi-
mens with standard fixed-dose regimens, the 
study unequivocally demonstrates the superi-
ority of model-guided dosing in enhancing treat-
ment outcomes and reducing the incidence of 
adverse events. The findings of this research 
provide a more scientific and precise treatment 
approach for patients with hepatic dysfunc- 
tion and dual infections, ultimately contributing 

to improved treatment success rates and 
enhanced quality of life for these patients.

This study has certain limitations. Firstly, due  
to individualized dose adjustments, blinding of 
the researchers was not feasible, and only 
independent assessors conducted blinded 
assessments of endpoints. This design may 
introduce investigator bias, especially in sub-
jective aspects such as dose adjustments and 
adverse event recording. Secondly, the sample 
size was relatively small, which could impact 
the accuracy and reliability of the study results. 
Moreover, the study only included patients  
from selected hospitals, potentially introducing 
selection bias, limiting the generalizability of 
the study results. Additionally, while the model-
guided dose optimization strategy showed ad- 
vantages in this study, such practical consider-
ations as drug costs and patient compliance 
need to be taken into account. Future re- 
search could expand the sample size, conduct 
multicenter studies with larger samples to vali-
date the effectiveness and safety of model-
guided dose optimization strategies. Mean- 
while, although the model has been construct-
ed, its validity requires further evaluation, 
which will be a key focus of our subsequent in-
depth research. Furthermore, exploring addi-
tional pharmacokinetic/pharmacodynamic in- 
dicators, optimizing models, and increasing  
the precision of dose adjustments could be 
beneficial. Additionally, studying the applica- 
tion effects of model-guided dose optimization 
strategies in patients with different pathogens 
and varying disease severity levels could pro-

Table 6. Comparison of treatment outcomes in child-pugh B/C subgroups

Indicator Total Child-Pugh  
B (n=120)

Child-Pugh  
C (n=80)

t/Z/χ2 
Value P Value

Incidence of Adverse Events 25 (12.50%) 22 (18.33%) 3 (3.75%) 10.021 0.040
    Mild to Moderate Hepatic Abnormalities 8 (32.00%) 7 (31.82%) 1 (33.33%)
    Gastrointestinal Reactions 5 (20.00%) 4 (18.18%) 1 (33.33%)
    Skin Rash 5 (20.00%) 4 (18.18%) 1 (33.33%)
    SAEs 7 (28.00%) 7 (31.82%) 0 (0.00%)
Treatment Outcome 4.110 0.043
    Successful 173 (86.50%) 99 (82.50%) 74 (92.50%)
    Failed 27 (13.50%) 21 (17.50%) 6 (7.50%)
Pneumonia Improvement Time (days) 12.64±2.29 13.54±2.21 11.13±2.34 7.379 <0.001
Urinary Tract Infection Improvement Time (days) 13.54±3.19 14.25±3.15 11.84±3.05 5.368 <0.001
Note: SAEs: Serious adverse events.
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vide more comprehensive insights for clinical 
treatments.

Conclusion

In conclusion, the model-guided optimization of 
CFP-SUL combined with LVFX in patients with 
hepatic dysfunction suffering from pneumonia 
and concurrent urinary tract infections leads to 
improved patient compliance with intended 
treatment, better treatment outcomes, and 
lower incidence of adverse events. This dose 
optimization strategy holds significant clinical 
value and provides a new approach and meth-
od for the treatment of patients with hepatic 
dysfunction facing pneumonia and urinary  
tract infections. However, further research and 
refinements are needed for practical applica-
tions to enhance treatment efficacy and 
safety.

Disclosure of conflict of interest

None.

Abbreviations

CFP-SUL, Cefoperazone-sulbactam; LVFX, Le- 
vofloxacin; fT, Free time; MIC, Minimal inhibi- 
tory concentration; ICU, Intensive care unit;  
PK/PD, Pharmacokinetic/pharmacodynamic; 
GRF, Glomerular Filtration Rate; CYP, Cyclo- 
phosphamide; AUC, Area Under the Curve;  
CRF, Case report form; EDC, Electronic data 
capture system; HPLC-MS/MS, High-perfor- 
mance liquid; chromatography-tandem mass 
Spectrometry; UDBM, User-defined Bayesian 
Model; CL, Clearance rate; BMI, Body mass 
index; WBC, White blood cell count; ALT, Alan- 
ine Aminotransferase; AST, Aspartate amino-
transferase; TBIL, Total bilirubin; Cr, Blood  
creatinine; BUN, Blood urea nitrogen; eGFR, 
Estimated glomerular filtration rate; CRP, 
C-reactive protein; PCT, Procalcitonin.

Address correspondence to: Zhirou Wang, General 
Practice Department, The First People’s Hospital  
of Chun’an County, 23-2-101 Qiandaohu Jiayuan, 
Qiandaohu Town, Chun’an County, Hangzhou 
311700, Zhejiang, China. E-mail: 178268674- 
21@163.com; caxdyrmyy@163.com

References

[1]	 Bonnel AR, Bunchorntavakul C and Reddy  
KR. Immune dysfunction and infections in pa-

tients with cirrhosis. Clin Gastroenterol Hepa-
tol 2011; 9: 727-738.

[2]	 Arvaniti V, D’Amico G, Fede G, Manousou P, 
Tsochatzis E, Pleguezuelo M and Burroughs 
AK. Infections in patients with cirrhosis in-
crease mortality four-fold and should be used 
in determining prognosis. Gastroenterology 
2010; 139: 1246-1256, 1256, e1-5.

[3]	 Hung TH, Tseng CW, Hsieh YH, Tseng KC, Tsai 
CC and Tsai CC. High mortality of pneumonia in 
cirrhotic patients with ascites. BMC Gastroen-
terol 2013; 13: 25.

[4]	 Leber B, Spindelboeck W and Stadlbauer V. In-
fectious complications of acute and chronic 
liver disease. Semin Respir Crit Care Med 
2012; 33: 80-95.

[5]	 Armani S, Geier A, Forst T, Merle U, Alpers DH 
and Lunnon MW. Effect of changes in meta-
bolic enzymes and transporters on drug me-
tabolism in the context of liver disease: impact 
on pharmacokinetics and drug-drug interac-
tions. Br J Clin Pharmacol 2024; 90: 942-958.

[6]	 He YY, Sun J, Wu YE, Wang YB, van den Anker 
J, Hao GX, Sun DQ and Zhao W. Population 
pharmacokinetics and dose optimization of le-
vofloxacin in elderly patients with pneumonia. 
Br J Clin Pharmacol 2024; 90: 1213-1221.

[7]	 Ji XW, Xue F, Kang ZS, Zhong W, Kuan IH, Yang 
XP, Zhu X, Li Y and Lv Y. Model-informed drug 
development, pharmacokinetic/pharmacody-
namic cutoff value determination, and antibac-
terial efficacy of benapenem against entero-
bacteriaceae. Antimicrob Agents Chemother 
2020; 64: e01751-19.

[8]	 Dong Y, Li Y, Zhang Y, Zhang T, Zhu L, Dong Y 
and Wang T. Cefoperazone/sulbactam thera-
peutic drug monitoring in patients with liver  
cirrhosis: potential factors affecting the phar-
macokinetic/pharmacodynamic target attain-
ment. Basic Clin Pharmacol Toxicol 2019; 125: 
353-359.

[9]	 Fish DN and Chow AT. The clinical pharmacoki-
netics of levofloxacin. Clin Pharmacokinet 
1997; 32: 101-119.

[10]	 Verbeeck RK and Horsmans Y. Effect of hepat-
ic insufficiency on pharmacokinetics and drug 
dosing. Pharm World Sci 1998; 20: 183-192.

[11]	 Yano I, Ito T, Takano M and Inui K. Evaluation of 
renal tubular secretion and reabsorption of le-
vofloxacin in rats. Pharm Res 1997; 14: 508-
511.

[12]	 Ewoldt TMJ, Abdulla A, Rietdijk WJR, Hunfeld 
N, Muller AE, Endeman H and Koch BCP; DOL-
PHIN study group. Which patients benefit from 
model-informed precision dosing of beta-lac-
tam antibiotics and ciprofloxacin at the ICU? 
Int J Antimicrob Agents 2023; 62: 106931.

[13]	 Van Wynsberge G, Grootaert V, Buyle F, Van 
Praet J, Colman R, Moors I, Somers A, Huis In’t 

mailto:17826867421@163.com
mailto:17826867421@163.com
mailto:caxdyrmyy@163.com



Dose optimization of anti-infective drugs in patients with hepatic insufficiency

1661	 Am J Transl Res 2026;18(2):1647-1662

Veld D and De Cock P; VANC-DOS Consortium. 
Impact of model-informed precision dosing in 
adults receiving vancomycin via continuous in-
fusion: a randomized, controlled clinical trial. 
Trials 2024; 25: 126.

[14]	 Sanz-Codina M, Bozkir HO, Jorda A and 
Zeitlinger M. Individualized antimicrobial dose 
optimization: a systematic review and meta-
analysis of randomized controlled trials. Clin 
Microbiol Infect 2023; 29: 845-857.

[15]	 Gupta D, Agarwal R, Aggarwal AN, Singh N, 
Mishra N, Khilnani GC, Samaria JK, Gaur SN 
and Jindal SK; Pneumonia Guidelines Working 
Group. Guidelines for diagnosis and manage-
ment of community- and hospital-acquired 
pneumonia in adults: Joint ICS/NCCP(I) recom-
mendations. Lung India 2012; 29 Suppl 2: 
S27-62.

[16]	 Wagenlehner F, Nicolle L, Bartoletti R, Gales 
AC, Grigoryan L, Huang H, Hooton T, Lopardo G, 
Naber K, Poojary A, Stapleton A, Talan DA, 
Saucedo JT, Wilcox MH, Yamamoto S, Yang SS 
and Lee SJ. A global perspective on improving 
patient care in uncomplicated urinary tract in-
fection: expert consensus and practical guid-
ance. J Glob Antimicrob Resist 2022; 28: 18-
29.

[17]	 Tsoris A and Marlar CA. Use Of The Child Pugh 
Score In Liver Disease. StatPearls. Treasure 
Island (FL) ineligible companies. Disclosure: 
Clinton Marlar declares no relevant financial 
relationships with ineligible companies; 2025.

[18]	 Ewoldt TMJ, Abdulla A, Rietdijk WJR, Muller AE, 
de Winter BCM, Hunfeld NGM, Purmer IM, van 
Vliet P, Wils EJ, Haringman J, Draisma A, Rijps-
tra TA, Karakus A, Gommers D, Endeman H 
and Koch BCP. Model-informed precision dos-
ing of beta-lactam antibiotics and ciprofloxacin 
in critically ill patients: a multicentre ran-
domised clinical trial. Intensive Care Med 
2022; 48: 1760-1771.

[19]	 Wang X and Ji X. Sample size estimation in 
clinical research: from randomized controlled 
trials to observational studies. Chest 2020; 
158: S12-S20.

[20]	 Ji XW, Zhu X, Li Y, Xue F, Kuan IHS, He QF, Meng 
XR, Xiang XQ, Cui YM and Zheng B. Model-in-
formed drug development of new cefopera-
zone sodium and sulbactam sodium combina-
tion (3:1): pharmacokinetic/pharmacodynamic 
analysis and antibacterial efficacy against en-
terobacteriaceae. Front Pharmacol 2022; 13: 
856792.

[21]	 Setiawan E, Abdul-Aziz MH, Cotta MO, Susani-
wati S, Cahjono H, Sari IY, Wibowo T, Marpaung 
FR and Roberts JA. Population pharmacokinet-
ics and dose optimization of intravenous levo-
floxacin in hospitalized adult patients. Sci Rep 
2022; 12: 8930.

[22]	 Duarte J, Máximo C, Costa P, Oliveira V, Gomes 
NCM, Romalde JL, Pereira C and Almeida  
A. Potential of an isolated bacteriophage to in-
activate klebsiella pneumoniae: preliminary 
studies to control urinary tract infections. Anti-
biotics (Basel) 2024; 13: 195.

[23]	 Ayub A, Zamir A, Rasool MF, Arshad U and 
Alqahtani F. A PBPK modeling approach for 
personalized dose optimization of nicardipine 
in renal and hepatic dysfunction. Sci Rep 
2025; 15: 19752.

[24]	 Lai CC, Chen WC, Kuo LK, Wang YT, Fu PK, Ku 
SC, Fang WF, Chen CM, Tu CY, Cheng WC and 
Chen CH. The clinical efficacy of cefoperazone-
sulbactam versus piperacillin-tazobactam in 
the treatment of severe community-acquired 
pneumonia. Medicine (Baltimore) 2023; 102: 
e34284.

[25]	 Barton CA. Treatment of coagulopathy related 
to hepatic insufficiency. Crit Care Med 2016; 
44: 1927-1933.

[26]	 Huang C, Lin L and Kuo S. Comparing the  
outcomes of cefoperazone/sulbactam-based 
and non-cefoperazone/sulbactam-based ther-
apeutic regimens in patients with multiresis-
tant acinetobacter baumannii infections-A 
meta-analysis. Antibiotics (Basel) 2024; 13: 
907.

[27]	 Zhang SH, Zhu ZY, Chen Z, Li Y, Zou Y, Yan M, 
Xu Y, Wang F, Liu MZ, Zhang M and Zhang BK. 
Population pharmacokinetics and dosage opti-
mization of linezolid in patients with liver dys-
function. Antimicrob Agents Chemother 2020; 
64: e00133-20.

[28]	 Lin XB, Lui KY, Guo PH, Liu XM, Liang T, Hu XG, 
Tong L, Wu JJ, Xia YZ, Chen P, Zhong GP, Chen 
X and Cai CJ. Population pharmacokinetic 
model-guided optimization of intravenous vori-
conazole dosing regimens in critically ill pa-
tients with liver dysfunction. Pharmacotherapy 
2022; 42: 23-33.

[29]	 Tannous E, Lipman S, Tonna A, Hector E, Hus-
sein Z, Stein M and Reisfeld S. Time above the 
MIC of piperacillin-tazobactam as a predictor 
of outcome in Pseudomonas aeruginosa Bac-
teremia. Antimicrob Agents Chemother 2020; 
64: e02571-19.

[30]	 Fuhs DT, Cortés-Lara S, Tait JR, Rogers KE, 
López-Causapé C, Lee WL, Shackleford DM, 
Nation RL, Oliver A and Landersdorfer CB. The 
effects of single and multiple resistance mech-
anisms on bacterial response to meropenem. 
Clin Microbiol Infect 2024; 30: 1276-1283.

[31]	 Qadri U, Zaffar S, Wani SJ, Roohi S, Aman M, 
Bhat S and Majid U. Evaluating the in vitro ac-
tivity of cefoperazone-sulbactam against Gram 
negative pathogens in blood stream infections 
using automated systems. Iran J Microbiol 
2024; 16: 732-736.



Dose optimization of anti-infective drugs in patients with hepatic insufficiency

1662	 Am J Transl Res 2026;18(2):1647-1662

[32]	 Li Y, He XF and Wang R. Neutropenia possibly 
caused by cefoperazone/sulbactam. Eur J 
Hosp Pharm 2025; 32: 485-487.

[33]	 Chakraborty R, Sharma D, Kapoor DU, Dwivedi 
A, Khabiya R and Sen S. Implications of meta-
bolic dysfunction associated fatty liver disease 
in COVID-19. World J Clin Cases 2023; 11: 
1275-1286.

[34]	 Liu S, Miao J, Li H, Ge G, Yang Q, Zhao S and 
Guo C. The regulatory roles of pparα on hepat-
ic drug-metabolizing enzymes in primary scle-
rosing cholangitis Syrian hamsters. Biochem 
Pharmacol 2025; 242: 117339.

[35]	 Zheng C, Zhang X, Ma Y and Zhang Y. Voricon-
azole in the management of invasive pulmo-
nary aspergillosis in patients with severe liver 
disease: balancing efficacy and hepatotoxicity. 
J Mycol Med 2025; 35: 101549.

[36]	 Stupin VA, Basarbolieva ZhV, Agapov MA, Lai-
panov BK, Khokonov MA, Klimiashvili AD and 
Rodoman GV. Treatment of hepatic insufficien-
cy in benign mechanical jaundice. Klin Med 
(Mosk) 2013; 91: 53-56.

[37]	 Xu C, Zhu J, Tu K, Tang H, Zhou X, Li Q, Chen K, 
Yang X and Huang Y. The clinical features  
and risk factors of coagulopathy associated 
with cefoperazone/sulbactam: a nomogram 
prediction model. Front Pharmacol 2025; 15: 
1505653.

[38]	 Li SH, Tao Y, Yang ZC, Fu HZ, Lin HY, Peng  
XX and Li H. Valine potentiates cefopera- 
zone-sulbactam to kill methicillin-resistant 
Staphylococcus aureus. mSystems 2025; 10: 
e0124424.


