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Abstract. – OBJECTIVE: This study aimed to 
determine the minimum interaction between dif-
ferent antiepileptic drugs (AEDs) and meropen-
em (MEPM) for clinical treatment.   

PATIENTS AND METHODS: The data of 91 
patients enrolled in the neurology department 
from January 2020 to March 2023 for clinical tri-
als were measured and observed. Self-controlled 
studies were conducted to monitor the trough 
concentrations of valproic acid (VPA), carbamaz-
epine (CBZ) and levotiracetam (LEV) before and 
after MEPM usage. Relevant indicators of liver 
and kidney function were also monitored. 

RESULTS: The serum VPA trough concen-
trations were 36.25±8.22 μg/ml at 24±12 h and 
34.99±11.17 μg/ml at 96±12 h after MEPM use; the 
difference was significant (p<0.05). Decreased 
CBZ trough concentrations were also identi-
fied after MEPM usage (96±12 h), whereas LEV 
trough concentrations were not affected. An in-
creased liver injury rate (χ2 =8.744, p<0.05) and a 
decreased kidney injury rate (χ2 =5.393, p<0.05) 
were found in the VPA group only.

CONCLUSIONS: The interaction between 
VPA and MEPM decreased serum VPA concen-
trations, increased liver injury rates, and de-
creased kidney injury rates. In addition, the 
co-administration of MEPM and CBZ reduced 
serum CBZ concentrations. Clinicians should 
be aware of this potential interaction and close-
ly monitor the relevant biochemical indices and 
number of seizures.

Key Words:
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Meropenem, Liver injury, Kidney injury.

Introduction

Epilepsy, a common neurological disease, is a 
clinical syndrome characterized by a highly syn-
chronous abnormal discharge of brain neurons for 

a variety of reasons1,2. Epidemiological data have 
demonstrated that there are currently approxima-
tely 9 million epilepsy patients in China3. Epileptic 
seizures not only seriously reduce patient quality 
of life, but they affect their mental health, leading 
to increased mortality rates. The treatment of 
epilepsy includes surgery and the use of antiepi-
leptic drugs (AEDs), the main treatment method. 
However, AEDs have different chemical structures 
and mechanisms of action, and their effectiveness 
and correlation between multiple mechanisms of 
action are not fully understood4. The concomitant 
use of AEDs with other drugs may affect their 
pharmacokinetics, leading to poor seizure control 
or an increase in adverse clinical events. 

Valproic acid (VPA), carbamazepine (CBZ), and 
levetiracetam (LEV), the most commonly used 
AEDs in hospitals, are characterized by long me-
dication cycles, significant individual differences 
in effective doses, narrow treatment windows, and 
the potential for significant adverse reactions5-7. 
Their target concentrations are as follows: VPA, 
50-100 μg/mL; CBZ, 4-12 μg/mL; and LEV, 12-
46 μg/mL5. An insufficient concentration leads to 
epilepsy treatment failure, whereas an excessive 
concentration often leads to adverse reactions. 
Therefore, serum drug concentrations are typically 
monitored to ensure treatment safety and efficacy. 

Carbapenems are broad-spectrum antibacte-
rial agents that include meropenem (MEPM), 
biapenem, and imipenem, which have good an-
ti-infective effects against severe infections8,9. 
However, recent studies10,11 reported that MEPM 
can reduce serum VPA concentrations. In fact, 
MEPM reportedly relieves VPA poisoning12,13. A 
summary of product characteristics suggests that 
combination therapy with VPA and carbapenems 
is generally not recommended unless necessary. 
The sudden discontinuation of AEDs therapy is 
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dangerous and can lead to an increased risk of 
seizures. Moreover, different AEDs are given 
for different indications/epilepsy types and are 
not directly interchangeable. When simultaneous 
drug use is inevitable, it might be important for 
clinicians to add appropriate AEDs to ensure 
continued seizure control. However, there is in-
sufficient medical evidence regarding the inte-
raction between different AEDs and MEPM.  

This prospective and self-controlled study aimed 
to determine interactions between different AEDs 
(VPA, CBZ, or LEV) and MEPM to answer the fol-
lowing questions: A) whether the use of MEPM can 
affect the serum trough concentrations of AEDs; B) 
whether MEPM combined with AEDs can lead to 
clinical adverse events; C) which AEDs have the le-
ast serious interactions with MEPM; and D) if ME-
PM use affected the serum concentrations of AEDs, 
was the effect related to the daily dose of MEPM.  

Patients and Methods

Study Legitimacy
This prospective self-controlled study was 

conducted at a single tertiary hospital in China 
between January 2020 and March 2023. This 
study was conducted in the the neurological de-
partment of the Tongling People’s Hospital and 
approved by the hospital ethics committee. All 
procedures involving human participants were 
performed in accordance with the Declaration of 
Helsinki and its latest amendments14.

Study Patients
Potential study participants were required to 

meet the following inclusion criteria: age 18-80 
years; weight > 40 kg; ability to act independently; 
documented history of seizures; currently taking 
oral VPA, CBZ, or LEV monotherapy at regular 
intervals; current severe infection; and stable se-
rum AED concentrations upon admission. 

The exclusion criteria were as follows: cur-
rently pregnant or lactating; requirement for pa-
renteral nutrition support; hemodynamic insta-
bility; alanine aminotransferase (ALT), alkaline 
phosphatase (ALP), urea nitrogen (BUN), and 
total bilirubin (TBil) levels > 2× the upper limit 
of normal (ULN), and creatinine clearance rate 
(CCR) < 60 mL/min. Patients who did not re-
quire anti-infective therapy with MEPM during 
the hospitalization according to the treatment 
guidelines or who discontinued the AEDs during 
the hospitalization were also excluded from the 

study. Before enrollment, each patient provided 
written consent after being fully informed of the 
study purpose and procedures.

Study Protocol
This study was designed to compare the effects 

of MEPM on serum concentrations of VPA, CBZ, 
and LEV. Clinical response data (including liver 
and kidney functions and number of seizures) 
were also collected. The doses of AEDs varied 
among patients and were not standardized. Prior 
to therapeutic drug monitoring (TDM), patients 
were treated with VPA, CBZ, or LEV for at least 
five half-lives and attained a steady-state serum 
concentration. To ensure stable serum trough 
concentrations among the enrolled patients, they 
underwent TDM twice on admission with AEDs, 
and those with a serum trough concentration dif-
ference (>20%) outside the therapeutic window 
have been withdrawn from this study. Whether 
a patient needed to receive MEPM anti-infective 
therapy was determined by the clinician accor-
ding to the treatment guidelines and actual si-
tuation without interference from clinical trials. 
The mean value of the two initially monitored 
serum trough concentrations was designated the 
baseline level (point 1). After the use of MEPM, 
subsequent serum trough concentration periods 
were scheduled at 24±12 h intervals (point 2) 
and 96±12 h intervals (point 3). Clinical response 
data, including liver and kidney functions, were 
collected at the corresponding points (48 h before 
and after MEPM use). Serum ALT, ALP, BUN, 
TBil, and CCR levels were monitored using blood 
biochemical analyses. Clinically, liver injury was 
defined as an ALT ≥ 3× or 5× the ULN or an ALP 
≥ 2× the ULN (>200 U/L), or an ALT ≥ 3× ULN 
(>120 U/L) and TBil ≥ 2× ULN (>42 μmol/L)15. 
Kidney injury was defined as CCR<90 ml/min16.

Statistical Analysis
The sample size was estimated by a prelimi-

nary experiment. Continuous data are expressed 
as mean ± standard derivation for normally di-
stributed data or as median (quartile range) for 
skewed distributed data. Paired t-test were perfor-
med for comparison when normally distributed. 
The Wilcoxon rank-sum test was also used to 
compare the differences between two paired sam-
ples when skewed. Serum ALT, AST, BUN, and 
CCR levels were measured 48 h before and after 
MEPM administration. All data were analyzed 
using SPSS 26.0 (IBM Corp, Armonk, NY, USA), 
and statistical significance was set as p < 0.05.
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Results

Demographic Data and Drug Interactions 
in 91 Patients

The demographic data of all enrolled patients 
who completed the TDM are presented in Table I. 
Interactions between VPA and MEPM, CBZ and 
MEPM, and LEV and MEPM were explored sepa-
rately throughout this study. The mean patient ages 
were 58.68±10.62 (range, 37-79) years in the VPA 
and MEPM group, 58.94±14.48 (range, 30-76) ye-
ars in the CBZ and MEPM group, and 59.04±10.00 
(range, 38-79) years in the LEV and MEPM group. 
Severe pulmonary infection was the prevailing 
type of infection observed in all three groups. 
Furthermore, hypertension was the predominant 
underlying disease in all three groups. 

Fluid Volume (L) Changes 48 h Before 
and After MEPM Usage

To eliminate the potential confounding ef-
fects of f luid volume changes on serum drug 
concentrations and related biochemical indices 
caused by MEPM administration, we calcu-
lated the average intravenous f luid intake 48 
h before and after MEPM treatment. An exa-
mination of kurtosis and skewness revealed 
that the three groups of data were normally 
distributed. A paired t-test showed no signifi-
cant difference (p>0.05) in the average amount 
of intravenous f luid input among the three 
groups. Therefore, the statistical results elimi-
nated the effects of the differences in venous 
f luid intake. The average intravenous f luid 
volume is shown in Table II.

Table I. Demographic data of 91 patients treated with an AEDs (VPA, CBZ, LEV) and MEPM.

Characteristics VPA Group  CBZ Group  LEV Group 

Sex, N (%)   
Male/Female (Total) 25/22 (47) 12/4 (16) 19/9 (28)
Age (Y) 58.68 ± 10.42 58.94 ± 14.48 59.04 ± 10.00
Weight (Kg) 57 (53-66) 58.55 (48.82-68.38) 58.00 (54.12-65.75)
Type of infection, N (%)   
Unidentified site infection 4 (8.51) / 1 (3.57)
Pneumonia 19 (40.43) 11 (68.75) 12 (42.86)
CNS 14 (29.79) 2 (12.50) 9 (32.14)
UTI 1 (2.13) / 1 (3.57)
Pneumonia + UTI 4 (8.51) / 1 (3.57)
Pneumonia + CNS 4 (8.51) 3 (18.75) 4 (14.29)
Pneumonia + CNS+UTI 1 (2.13) / /
Underlying disease, N (%)
None 20 (42.55) 5 (31.25) 15 (53.57)
HTN 18 (38.30) 6 (37.50) 6 (21.43)
HLP 5 (10.64) 4 (25.00) 4 (14.29)
DM 1 (2.13) / /
HTN + DM 2 (4.26) 1 (6.25) 3 (10.71)
HTN + CHD 1 (2.13) / /
Outcome, N (%)   
Death 2 (4.26) 3 (18.75) 1 (3.57)

Table II. The average intravenous fluid intake 48 h before and after MEPM usage.

                   Venous fluid volume (L) 
 
Groups Before MEPM usage After MEPM usage p-value 

VPA group (n=47) 3.07±1.01 3.10±1.19 0.763
CBZ group (n=16) 2.57±0.84 2.75±0.93 0.572
LEV group (n=28) 3.07±1.04 3.10±1.12 0.860

Underlying diseases mainly included hypertension, diabetes, hyperlipidemia, and coronary heart disease. AEDs, antiepileptic 
drugs; VPA, valproic acid; CBZ, carbamazepine; LEV, levetiracetam; CNS, central nervous system; UTI, urinary tract infection; 
HTN, hypertension; HLP, hyperlipidemia; DM, diabetes; CHD, coronary heart disease.

LEV, levetiracetam; MEPM, meropenem; VPA, valproic acid.
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Interactions Between VPA and MEPM 
An examination of kurtosis and skewness re-

vealed that the three groups of data were normal-
ly distributed. As shown in Figure 1, the mean 
serum VPA trough concentrations (n=47) were 
69.08±8.57 μg/mL at point 1 (before MEPM usa-
ge), 36.25±8.22 μg/mL in point 2 (24±12 h after 
VPA + MEPM usage), and 34.99±11.17 μg/mL 
at point 3 (96±12 h after VPA + MEPM usage). 
Compared with point 1, the serum trough concen-
trations of VPA decreased significantly (p < 0.05) 
at points 2 and 3. However, there was no signifi-
cant difference (p > 0.05 ) in levels between points 
3 and 2. All results showed that the serum VPA 
trough concentrations decreased significantly after 
MEPM usage and remained stable within 96 h. 

Since the data were normally distributed, paired 
t-test was performed to compare the effects of dif-
ferent daily doses of MEPM on the serum trough 
concentrations of VPA. No matter the daily doses 
(unlimited dose/d: 3.0 g/d or 6.0 g/d) of MEPM, the 
VPA trough concentrations decreased significant-
ly (p<0.05) when administered with MEPM. No 
statistically significant differences (p>0.05) were 
found between the different daily doses at any time 
point (Figure 2). Therefore, the results showed that 
the reduction in serum VPA trough concentration 
had little correlation with the daily dose of MEPM.

Since the data were normally distributed, the 
Wilcoxon rank-sum test was performed to compare 
differences in ALT, ALP, BUN, TBil, and CCR 

levels 48 h before and after MEPM usage. All data 
were expressed as median (interquartile ranges). 
There was a statistically significant difference in 
the ALT, ALP, and CCR levels 48 h before and after 
MEPM administration (Table III). Liver and kidney 
injury occurred in 8/47 (17.02%) and 9/47 (19.15%), 
respectively, at 48 h after MEPM administration. 
The chi-squared test was also used to compare the 
liver and kidney injury rates before and after ME-
PM usage. As shown in Table IV, the liver injury 
rate was significantly different (χ2 =8.744, p<0.05) 

Figure 1. Trend of serum VPA trough concentrations 
before and after MEPM usage (n=47). Compared to point 
1, *p <0.05, #p <0.05. Compared to point 2, ∆p >0.05. VPA, 
valproic acid.

Table III. Changes in ALT, ALP, BUN, TBil, and CCR levels before and after VPA + MEPM usage (n=47).

                   Median (quartile range) 
 
Index Before MEPM usage After MEPM usage Z p-value 

ALT (U/L) 25.0 (16.0-39.3) 41.0 (25.0-61.5.0) -3.991 0.000* 
ALP (U/L) 64.0 (47.0-78.0) 75.0 (47.0-96.0) -3.166 0.002* 
TBil (μmol/L) 9.8 (7.0-14.5) 10.4 (7.1-12.9) -0.18 0.857 
BUN (mmol/L) 5.2 (3.7-6.9) 5.5 (4.4-7.1) -0.305 0.761 
CCR (ml/min) 89.7 (73.5-111.6) 106.9 (88.4-129.2) -3.622 0.000* 

Compared to before MEPM usage, *p <0.05. ALP, alkaline phosphatase; ALT, alanine aminotransferase; BUN, blood urea 
nitrogen; CCR, creatine clearance rate; MEPM, meropenem; TBil, total bilirubin.

Table IV. Chi-squared test of pairwise comparison of the liver and kidney injury rates before and after VPA + MEPM usage (n=47).

 Liver injury Non-liver injury Kidney injury Non-kidney injury 

Before MEPM usage 0 47 16 31
After MEPM usage 8 39 9 38
χ2 8.744  5.393  
p  0.003*  0.020* 

Compared to before MEPM usage, *p <0.05. MEPM, meropenem; VPA, valproic acid.
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from the kidney injury rate (χ2 =5.393, p<0.05). The 
results indicated that the liver injury rate significant-
ly increased but the kidney injury rate decreased 
after VPA administration with MEPM. 

Risk Factors for Interactions between 
VPA and MEPM

A significant reduction in serum VPA trough 
concentration after MEPM usage was observed in 
each patient. Of the 47 patients in the VPA group, 
serum VPA trough concentrations decreased by 
more than 50% in 19/47 (40.43%) patients. Binary 
logistic regression analysis was used to explore 
sex, age, MEPM dosage, infection type, and un-
derlying disease that may be related to the percen-
tage of serum VPA trough levels that decreased by 
over 50% within 24 h after MEPM administration 
(Table V). Age was an independent risk factor 
related to the percentage of serum VPA trough 
levels, which decreased by more than 50%. 

Interaction between CBZ and MEPM or 
LEV and MEPM 

A statistical analysis of the detection data 
revealed that the serum CBZ trough concentra-
tion (n=16) and serum LEV trough concentration 
(n=28) data were not normally distributed. On a 
Wilcoxon rank-sum test, the serum CBZ trough 
concentrations were 5.36 (4.75-6.92) μg/mL at 
point 1, 6.12 (4.68-7.15) μg/mL at point 2, and 
4.48 (4.16-6.19) μg/mL at point 3 (Table VI). 
Decreased serum CBZ trough concentrations 
(-16.42%) were found at 96±12 h after MEPM 
usage (p=0.039, Z=-2.068). Simultaneously, the 
serum LEV trough concentrations were 21.60 
(19.11-24.90) μg/mL at point 1, 21.35 (18.75-25.30) 

μg/mL at point 2, and 20.24 (18.48-23.03) μg/mL 
at point 3. There was no statistically significant 
difference in serum LEV trough concentrations 
before and after MEPM usage.

As shown in the CBZ group (Table VII), ALT 
and ALP levels increased significantly at 48 
h after MEPM administration, whereas BUN, 
TBil, and CCR levels were unaffected. The 
trends of the relevant indicators were similar in 
the LEV and CBZ groups.

In the CBZ group (Table VIII), liver and kid-
ney injuries occurred in 4/16 (25.00%) and 6/16 
(37.50%), respectively, at 48 h after MEPM ad-
ministration. The liver and kidney injury rates 
were analyzed using the chi-squared test. The liver 
injury rate did not differ significantly (χ2 =4.571, 
p>0.05), nor did the kidney injury rate (χ2 =2.000, 
p>0.05). The liver and kidney injury rates were not 
affected by the combination use of CBZ + MEPM. 

In the LEV group (Table VIII), liver and ki-
dney injuries occurred in 1/28 (3.57%) and 7/28 
(25.0%) at 48 h after MEPM administration, 
respectively. Similar to the CBZ group, the liver 
and kidney injury rates were not affected by the 
combination use of LEV + MEPM.

Discussion

This study found that serum VPA trough con-
centrations decreased significantly (-47.52%, 
p<0.05) and almost remained stable within 96±12 
h when combined with MEPM. Although this 
study showed that the serum VPA trough con-
centrations decreased significantly after its com-
bination use with MEPM was consistent with 

Figure 2. Trend of changes in serum VPA 
trough concentrations when administered 
with MEPM at different daily doses. 
Compared with unlimited dose/d of MEPM 
group, *p >0.05, #p >0.05. Compared to 3.0 g/d 
of MEPM group, ∆p >0.05. VPA, valproic acid; 
MEPM, meropenem.
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previous literature reports, the range of decrease 
was lower than that of previous literature reports 
of -65.75%17, -76.06%18, and -67.7%19. Compa-
red to our study, the TDM periods of the above 

studies varied, which may have led to differences 
in the results. Simultaneously, serum VPA trough 
concentrations showed little correlation with the 
daily dose of MEPM, an important conclusion 

Table V. Factors related to the percentage of serum VPA trough levels that decreased >50%.

Factors p OR 95% CI 

Sex 0.368  2.339  0.368-14.848
Age 0.013* 0.870  0.780-0.971
Dose of MEPM  0.200 0.318  0.121-0.834
Type of infection   
Unidentified site infection 0.999  >100 0.000 
Pneumonia 0.712   
CNS 0.246  5.087  0.325-79.610
UTI 1.000  >100 0.000 
Pneumonia + UTI 0.267  7.992  0.204-312.537
Pneumonia + CNS 0.057  41.623  0.894-1938.339
Pneumonia + CNS+UTI 1.000  >100  0.000 
Underlying disease   
HTN 0.870   
DM 1.000  >100  0.000 
HLP 0.999  0.000  0.000 
HLP + DM 0.566  3.603  0.045 
HTN + CHD 0.999  0.000  0.000 
None 0.300  0.303  0.032 

*p <0.05. CNS, central nervous system; UTI, urinary tract infection; HTN, hypertension; HLP, hyperlipidemia; DM, diabetes; 
CHD, coronary heart disease.

Table VI. Trend of serum CBZ trough concentrations (n=16) and serum LEV trough concentrations (n=28) before and 
after MEPM usage. 

 Serum CBZ trough concentrations Serum LEV trough concentrations

Point 1 5.36 (4.75-6.92) 21.60 (19.11-24.90)
Point 2 6.12 (4.68-7.15) 21.35 (18.75-25.30)
Point 3 4.48 (4.16-6.19)* 20.24 (18.48-23.03)

Compared to point 1, *p = 0.039, Z= -2.068. CBZ, carbamazepine; LEV, levetiracetam.

Table VII. Trend of changes in ALT, ALP, BUN, TBil, and CCR levels before and after MEPM usage. 

                 Median (quartile range) 
 
Group Index Before MEPM usage After MEPM usage Z p-value 

CBZ group ALT (U/L) 29.0 (21.5-43.2) 49.0 (39.5-72.2) -3.518 0.000* 
(n=16) ALP (U/L) 85.0 (67.5-142.8) 137.0 (86.2-196.2) -2.43 0.015* 
 TBil (μmol/L) 11.8 (9.1-20.4) 10.6 (8.8-13.8) -1.345 0.179
 BUN (mmol/L) 6.0 (3.9-8.3) 7.1 (4.8-10.6) -1.758 0.079
 CCR (ml/min) 83.4 (66.1-107.0) 93.7 (70.4-119.3) -0.569 0.569
LEV group ALT (U/L) 23.0 (17.2-50.0) 40.5 (33.5-71.2) -3.326 0.001* 
(n=28) ALP (U/L) 74.0 (55.2-107.2) 102.5 (62.0-135.5) -2.722 0.006* 
 TBil (μmol/L) 12.2 (7.3-15.2) 9.4 (7.1-13.6) -0.661 0.509
 BUN (mmol/L) 5.3 (4.1-6.7) 5.7 (4.1-6.4) -0.228 0.82
 CCR (ml/min) 86.4 (77.6-106.0) 103.53 (80.2-124.6) -1.799 0.072

Compared to before MEPM usage, *p <0.05. ALT, alanine aminotransferase; ALP, alkaline phosphatase; BUN, blood urea 
nitrogen; CBZ, carbamazepine; CCR, creatine clearance rate; LEV, levetiracetam; MEPM, meropenem; TBil, total bilirubin.
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of our research. The binary logistic regression 
analysis showed that age was an independent risk 
factor related to the percentage of serum VPA 
trough concentrations, which decreased by over 
50% after combination therapy with MEPM.

To date, the exact mechanism of the drug inte-
raction between VPA and MEPM is not well un-
derstood. Earlier research20 reported no differen-
ces between VPA and carbapenems in hepatecto-
mized rats. Researchers21 reported that hydrolytic 
activity was inhibited by VPA-d6β-D-glucuronide 
(VPA-G) and inhibited by dolipenem in the rat 
liver cytoplasm. Further studies22 identified acyl-
peptide hydrolase (APEH) as a VPA-G hydrolase 
in the human liver, where VPA-G hydrolytic 
activity was achieved. The absence of APEH 
may result in loss of VPA-G hydrolytic activity. 
VPA-G is an important VPA metabolite that can 
be regenerated by VPA-G hydrolases. Therefore, 
decreased VPA-G deglucuronidation due to the 
inhibition of APEH by MEPM may be a key 
mechanism. However, this mechanism was not 
explored in this study, and the exact mechanism 
of action was the focus of our follow-up research.

We also found decreased serum CBZ trough 
concentrations (-16.42%) at 96±12h after MEPM 
administration (p<0.05, Z =-2.068), which was 
not reported until now. Although the sample 
size was estimated through a preliminary stu-
dy, the actual sample size of the 16 patients 
included in the CBZ group was small, and the 
study’s statistical power was relatively poor. 
Thus, the result of the interaction between CBZ 
and MEPM in this study is for reference only 
and requires further validation in large samples. 
These findings suggest that LEV trough concen-
trations may not be affected by MEPM usage. 

Of the above three groups, an increased liver 
injury rate (χ2 =8.744, p<0.05) and decreased kid-
ney injury rate (χ2 =5.393, p<0.05) occurred only 
in the VPA group. The results predicted that the 

risk of clinical liver injury would increase after 
combination therapy with MEPM, a finding that 
is consistent with that of a previous retrospective 
study17. A recent study23 showed that augmented 
renal clearance is a frequent phenomenon in the 
intensive care unit, with an increased incidence 
during the first week’s stay. All patients enrolled in 
our study had severe infections. This may explain 
the reduction in the clinical kidney injury rate after 
combination use with MEPM in our study.

Conclusions

The following conclusions can be drawn from 
the questions raised at the beginning of this study. 
First, the VPA trough concentrations decreased 
47.52% and remained stable within 96±12 h after 
MEPM usage. The CBZ trough concentrations 
decreased 16.42% 96±12 h after MEPM usage, 
but further studies are required to validate our 
findings. The LEV trough concentrations were 
not affected by MEPM. Second, an increased 
liver injury rate (χ2 =8.744, p<0.05) and decrea-
sed kidney injury rate (χ2 =5.393, p<0.05) were 
found in the VPA group only. Third, LEV trough 
concentrations and liver and kidney injury rates 
were not affected by MEPM usage. Fourth, the 
reduction in serum VPA trough concentrations 
did not correlate with the daily dose of MEPM.

In conclusion, our findings suggest that, when 
VPA and MEPM are used in combination, it is 
necessary to closely monitor the relevant bioche-
mical indices and number of seizures. If the VPA 
trough level falls below the therapeutic levels 
during MEPM treatment, the addition of other 
AEDs, such as LEV, might be warranted.
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