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Background: Several case reports and retrospective studies have indicated that carbapenems decrease the 
plasma concentration of valproic acid (VPA). This retrospective study examines the effect of carbapenems on 
VPA levels, and explores whether the drug-drug interaction can influence the liver function of patients.
Methods: The data of 141 patients were collected from the Department of Neurosurgery at Shanxi 
Bethune Hospital from January 2018 to December 2019. We compared the VPA levels between the VPA 
monotherapy group and VPA + carbapenem group to evaluate the influence of carbapenem antibiotics on the 
plasma concentration of VPA. We also compared the liver injury rate of the VPA monotherapy group, VPA 
+ meropenem group, and VPA + imipenem group to evaluate the influence of concomitant use of VPA with 
carbapenem antibiotics on liver function.
Results: The VPA serum concentration in the VPA + meropenem group was 22.32±21.77 µg/mL, which was 
markedly lower than that in the VPA monotherapy group (i.e., without carbapenems) (65.17±21.49 µg/mL)  
(P<0.01). The rate of liver injury was significantly different between the VPA monotherapy, VPA + 
meropenem, and VPA + imipenem groups (χ2=30.13, P<0.01). Further comparisons showed that the liver 
injury rate of the VPA + meropenem group (35.42%) was higher than that of the VPA + imipenem (3.7%) 
and VPA monotherapy (1.52%) groups (P<0.01). Although no significant differences in liver injury rate 
were observed between the VPA + imipenem (3.7%) and VPA monotherapy (1.52%) groups, the alanine 
aminotransferase (ALT) value of the VPA + imipenem group after co-administration (65.22±48.01 U/L) was 
notably higher than before (40.48±24.97 U/L) (P<0.01).
Conclusions: In this study, the interaction between VPA and carbapenems resulted in decreased plasma 
concentrations of VPA as well as possible liver injury. Clinicians should be aware of this potential interaction, 
and closely monitor VPA concentrations and liver function. Different carbapenems combined with VPA 
showed different effects on both VPA concentration and liver function, indicating that the mechanisms of 
these two effects might be related.
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Introduction

Valproic acid (VPA) is a broad-spectrum antiepileptic drug 
(AED) that is highly effective both in adults and children. It 
is one of the first-line drugs in the treatment of epilepsy (1).  
VPA is extensively metabolized by the liver; the main 
metabolic pathways of VPA include N-glucuronidation, 
mitochondrial b-oxidation, and cytochrome P-450 (CYP) 
microsomal oxidation (2). VPA has a complex and nonlinear 
pharmacokinetic profile and a target therapeutic range 
of 50 to 100 µg/mL (1). In China, perioperative seizure 
prophylaxis with AEDs in neurosurgery, especially VPA, has 
been advocated by Chinese experts and is widely used. 

Carbapenems are a class of antibiotic agents with a 
wide spectrum of antimicrobial coverage (gram-positive, 
gram-negative, and anaerobic bacteria). The spread of 
extended-spectrum β-lactamase-caused infections and the 
proven efficacy of carbapenems against these organisms 
have led to its widespread use in practice. Meropenem has 
been shown to have a favourable safety profile, especially 
in central nervous system (CNS) tolerability. Therefore, 
for neurosurgical patients with active seizure disorder, 
or those who are at a high risk of developing seizures, 
meropenem is preferred when carbapenem antibiotics are 
indicated (3). However, a series of reports have indicated 
that the concomitant use of VPA and carbapenems, 
especially meropenem, can rapidly reduce the VPA plasma 
concentration (1,3-8). In our hospital, pharmacists found 
that the concomitant use of VPA and carbapenems was 
not completely avoided, and was accompanied decreased 
VPA concentration as well as a significantly higher alanine 
aminotransferase (ALT) value. 

In this study, a retrospective analysis of VPA therapeutic 
drug monitoring (TDM) records and liver function 
monitoring records from neurosurgery inpatients was 
performed to address the following: (I) the effect of 
concomitant use of VPA and carbapenems on VPA levels; 
(II) whether the drug-drug interaction can influence the 
liver function of patients; and (III) whether the influence 
on liver function is different for different carbapenems. To 
our knowledge, there is no study that has investigated liver 
injury in cases of VPA and carbapenem co-administration.

We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/apm-21-795).

Methods

Patients and data collection

In this retrospective analysis, the study population 
consisted of hospitalized patients from the Department of 
Neurosurgery at Shanxi Bethune Hospital from January 
2018 to December 2019. This study was approved by the 
Shanxi Bethune Hospital Ethics Committee, and a waiver of 
informed consent was granted. All procedures performed in 
this study involving human participants were in accordance 
with the Declaration of Helsinki (as revised in 2013).

The inclusion criteria were as follows: (I) patients aged 
18–80 years, and weight >40 kg; (II) patients who received 
VPA monotherapy or concomitant therapy with meropenem 
or imipenem; (III) VPA, meropenem, and imipenem were 
administered via intravenous drip, and the daily dose of 
VPA was 1.2 mg/d; (IV) for patients who received VPA 
monotherapy, VPA TDM records were essential; whereas 
for patients who received concomitant therapy, VPA TDM 
records were nonessential. Prior to TDM, patients were 
treated with a constant VPA dose for at least five half-lives 
and attained a steady state of serum concentration; and 
(V) liver function testing records were required before and 
two weeks after administration of VPA monotherapy or 
concomitant therapy.

The exclusion criteria were as follows: (I) pregnant and 
breastfeeding women; (II) patients who used any known 
inducers or inhibitors of cytochrome p450 enzymes and 
UDP-glucuronosyltransferase during the study; (III) 
patients who used any known hepatotoxic drugs or liver 
protection drugs; (IV) patients receiving VPA irregularly; 
(V) patients with abnormal liver or renal function; and (VI) 
patients whose liver function testing records were missing 
or incomplete in the medical records.

A total of 141 inpatients satisfied the above criteria. The 
demographic characteristics, laboratory tests, prescription 
information, and VPA TDM data were obtained from 
electronic medical records (EMR) system.

Study design

Of the 141 inpatients, 75 patients with VPA TDM records 
were initially selected. Patients were divided into two 
groups based on whether they received VPA monotherapy 
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Table 1 The demographic and VPA serum concentrations of the VPA + carbapenem group (N=9)

No. Sex Age (years) Type of carbapenem 
Dose of carbapenem 

(g/d)
Concomitant day 

(days)
VPA serum concentration (μg/mL)

1 M 52 Imipenem 2.0 2 74.30

2 M 62 Imipenem 3.0 4 32.58

3 M 28 Imipenem 3.0 1 26.90

4 F 50 Meropenem 3.0 5 21.47

5 F 51 Meropenem 3.0 8 14.64

6 M 45 Meropenem 2.0 2 13.11

7 M 68 Meropenem 3.0 3 8.81

8 M 35 Meropenem 6.0 2 6.31

9 M 66 Meropenem 3.0 6 2.79

or concomitant treatment with carbapenem antibiotics: a 
VPA monotherapy group and a VPA + carbapenem group. 
We compared the VPA levels between the aforementioned 
groups to evaluate the influence of carbapenem antibiotics 
on the VPA plasma concentration.

Secondly, all 141 patients were divided into three groups 
according to whether they received VPA monotherapy or 
concomitant treatment with meropenem or imipenem: a 
VPA monotherapy group, a VPA + meropenem group, and 
a VPA + imipenem group. We compared the liver injury 
rate of the above three groups to evaluate the influence of 
concomitant use of VPA with carbapenem antibiotics on 
liver function. Hepatotoxicity was defined as a new alanine 
aminotransferase (ALT) >3 times the upper limit of normal 
(ULN) (>120 U/L), alkaline phosphatase >2 times the ULN 
(>234 U/L), total bilirubin two times the ULN (>2 mg/dL),  
or doubling of the baseline value for ALT, alkaline 
phosphatase, or bilirubin if abnormal prior to initiation of 
valproate (9).

Statistical analysis

Continuous data were expressed as a mean ± SD for 
normally distributed data or as a median ± quartile range 
(QR) for non-normally distributed data. Categorical data 
were expressed as a number (%). Independent samples t-test 
was used for comparison of the VPA plasma concentration 
between the VPA monotherapy and VPA + carbapenem 
groups, and a paired t test was used to compare the ALT 
value before and after concomitant therapy. The chi-squared 

test was used to assess differences in the liver injury rate 
between the VPA monotherapy group, VPA + meropenem 
group, and VPA + imipenem group. All data were analyzed 
using SPSS version 22.0 (SPSS Inc. IBM Company), and 
P<0.05 was considered statistically significant.

Results

VPA plasma levels with and without carbapenem co-
administration

Seventy-five patients with VPA TDM records were initially 
chosen from the 141 patients, with ages ranging from 25 
to 70 years. Patients were most commonly admitted for 
cerebral hemorrhage (41, 54.6%), craniocerebral trauma 
(13, 17.3%), and aneurysm (12, 16.0%). 

Patients were divided into two groups based on whether 
they received VPA therapy with or without carbapenem 
antibiotics: a VPA monotherapy group (N=66) and a VPA 
+ carbapenem group (N=9). The demographics, type 
of carbapenem, and VPA serum concentrations of nine 
patients in the VPA + carbapenem group are shown in  
Table 1; eight cases exhibited subtherapeutic VPA levels 
only after few concomitant days, and one case reached 
therapeutic levels (50–100 µg/mL).

As shown in Table 2 and Figure 1, the VPA concentration 
of the VPA + carbapenem group (22.32±17.75 µg/mL) 
was much lower than that of the VPA monotherapy group 
(65.17±21.49 µg/mL) (P<0.01), suggesting that concomitant 
therapy with carbapenem could greatly reduce the VPA 
serum concentration.
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Liver injury rates of VPA therapy with and without 
carbapenem co-administration

The ages of all 141 included patients ranged from 19 to  
80 years, and they were most commonly admitted for 
cerebral hemorrhage (80, 56.7%), craniocerebral trauma 
(28, 19.9%), and aneurysm (29, 20.6%). 

Patients were divided into three groups based on whether 
they received VPA therapy with or without carbapenem 
antibiotics: a VPA monotherapy group (N=66), a VPA + 
imipenem group (N=27), and a VPA + meropenem group 
(N=48).

Table 3 displays the liver injury rate of patients who 
used VPA concomitantly with different types and doses of 
carbapenems. Since the dominating dose was 3.0 g in the 
meropenem or imipenem groups, the other doses were 
scattered and fewer in number. Thus, it was difficult to 
investigate the effects of different doses of carbapenem on 
liver function, and the different doses of meropenem or 
imipenem groups were respectively combined. As shown 
in Table 3, the liver injury rate was 3.70% and 35.42% in 

the imipenem and meropenem groups, respectively, and 
the liver injury rate of the VPA monotherapy group was 
1.52%. The chi-squared test was used to compare the liver 
injury rate among three groups. The results showed that 
the liver injury rate of the three groups was significantly 
different (χ2=30.13, P<0.01, Table 4). Therefore, further 
pairwise comparisons were carried out according to the 
level of α'=0.0125. The results indicated that the liver injury 
rate of patients in the meropenem group (35.42%) was 
higher than that of patients in the imipenem (3.7%) or VPA 
monotherapy (1.52%) groups (P<0.01, Table 5). However, 
the difference between the imipenem group (3.7%) and 
VPA monotherapy group (1.52%) was not statistically 
significant (P>0.05).

The ALT values of the VPA + imipenem group were 
compared both before and after co-administration with 
imipenem. As shown in Table 6, the ALT values after co-
administration (65.22±48.01 IU/L) were markedly higher 
than before (40.48±24.97 IU/L) (P<0.01).

Discussion

VPA plasma concentrations with and without carbapenem 
co-administration 

In this study, the plasma concentration of VPA in 
patients who received VPA with carbapenem was 22.32± 
21.77 µg/mL, which was significantly lower than that of 
patients who received VPA monotherapy (i.e., without 
carbapenem) (65.17±21.49 µg/mL). This indicates that 
carbapenem greatly reduced the serum concentration of 
VPA and increased risk of seizures. Nagai et al. was first to 
report that the serum concentration of VPA was decreased 
during the concomitant treatment with carbapenems, 
leading to epilepsy recurrence (10). The interaction between 
these medications has since been extensively reported, 
and the pharmacokinetic characteristics, as well as the 
clinical consequences of the interaction, have been further 
investigated (4,7,11,12). Some studies reported an increase in 

Table 2 T-test of VPA levels in the VPA monotherapy and VPA + carbapenem groups

No. of samples VPA serum concentration (μg/mL)

VPA monotherapy group 66 65.88±17.75

VPA + carbapenem group 9 22.32±21.77

F −6.777

P 0.001

Figure 1 VPA plasma levels with and without carbapenems. Mean 
plasma VPA concentration in the VPA monotherapy (n=66) and 
VPA + carbapenems (n=9) groups. Triangles represent patients 
with VPA + meropenem (n=6), and circles represent patients with 
VPA+ imipenem (n=3). **P<0.01.
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Table 3 The liver injury rate of VPA + imipenem and VPA + meropenem groups

Group Dose of carbapenem (g/d) No. of liver injuries Number of non-injured livers Total Liver injury rate (%)

VPA + imipenem 2.0 0 4 4 0.00

3.0 1 15 16 6.25

4.0 0 2 2 0.00

6.0 0 5 5 0.00

Subtotal 1 26 27 3.70

VPA + meropenem 1.5 2 6 8 25.00

2.0 1 4 5 20.00

3.0 12 11 23 52.17

4.0 1 1 2 50.00

4.5 0 0 1 0.00

6.0 1 8 9 11.11

Subtotal 17 31 48 35.42

Total 18 57 75 24.00

Table 4 Chi-squared test of the liver injury rate among the three groups

Group Number of liver injuries Number of non-injured livers 

VPA + meropenem 17 31

VPA + imipenem 1 26

VPA monotherapy 1 65

χ2 30.13

P 0.000

seizures during VPA-carbapenem combination therapy (5,13). 
Similar study shows comparable results in children who were 
treated with VPA for various seizures. All but two children in 
whom levels were monitored suffered a dramatic decline in 
levels when simultaneous treatment with carbapenems. Low 
plasma levels sometimes led to seizures (14).

The reduction of VPA serum concentration had 
the following characteristics. Firstly, the VPA plasma 
concentration decreased rapidly and could not be reversed 
by increasing the VPA dose. Carbapenem antibiotics may 
provide a new avenue for managing VPA overdose and 
toxicity. Dreucean et al. presented a case of utilization of 
meropenem to acutely lower VPA serum concentrations after 
an intentional overdose. In their study, the VPA level reduced 
from 278 to 193 µg/mL 3 h after intravenous administration 
of meropenem 1 g. Another 1 g dose of meropenem was 

given 8 h after the first dose, and the VPA levels reduced to 
62 µg/mL approximately 1 h after the second dose (15).

Secondly, at least 7 days were required for the recovery 
of the VPA plasma concentration after discontinuation 
of carbapenem. Haroutiunian et al.  found that the 
concentration of VPA significantly decreased within  
24 hours (from 50.8±4.5 to 9.9±2.1 µg/mL) after continuous 
or intermittent use of meropenem. After discontinuation 
of meropenem, VPA plasma concentrations remained low 
for 7 days, and then gradually increased after 8–14 days, 
reaching values comparable to those before meropenem 
initiation. Different daily doses of VPA exhibited a similar 
pattern of decreased VPA concentrations (4).

Thirdly, all carbapenems demonstrated this interaction, 
however, the extent of VPA lowering appears to be lowest 
with imipenem (6,13). Wu et al. compared the interaction 



5422 Li et al. Interaction between VPA and carbapenems 

© Annals of Palliative Medicine. All rights reserved.   Ann Palliat Med 2021;10(5):5417-5424 | http://dx.doi.org/10.21037/apm-21-795

effect on VPA serum concentrations with different 
carbapenems. There was a significant decrease (P<0.001) in 
VPA concentrations with concomitant use of carbapenems: 
72%±17%, 42%±22%, and 67%±19% in the ertapenem 
(N=9), imipenem/cilastatin (N=17), and meropenem (N=26) 
groups, respectively. The effect of ertapenem and meropenem 
on VPA was significantly more expressed than that of 
imipenem/cilastatin (P<0.005) (6). In present study, although 
there was no statistical comparison between the meropenem 
and imipenem groups (due to the limited samples), the VPA 
concentrations of six patients with meropenem were lower 
than those of three patients with imipenem.

The effect of concomitant use of VPA and carbapenem on 
liver function

In this study, there was a significant difference in the liver 
injury rates of the VPA + meropenem, VPA + imipenem, 
and VPA monotherapy groups. The liver injury rate of the 

VPA + meropenem group was 35.42%, which was higher 
than that of the VPA + imipenem group (3.7%) and VPA 
monotherapy group (1.52%). Although no significant 
differences were observed in the liver injury rate between 
the VPA + imipenem and VPA monotherapy groups, 
the ALT value of patients after co-administration with 
imipenem was markedly higher than before. Therefore, 
the data indicated that carbapenems might magnify the 
hepatotoxicity of VPA, and the effect of meropenem was 
significantly more expressed than that of imipenem.

The relationship between decreased VPA plasma 
concentration and liver injury

The interaction mechanism between VPA and carbapenem 
is complex, involving all aspects of absorption, distribution, 
metabolism, and excretion (1,16). The exact mechanism 
of the interaction has not yet been elucidated. The 
proposed mechanisms are as follows: inhibition of valproate 
glucuronide (VPA-G) hydrolysis (17), induction of 
valproate hepatic glucuronidation (17, 18), increased renal 
clearance of VPA-G (19,20), and increased distribution of 
VPA into red blood cells. At present, decreased VPA-G 
deglucuronidation due to inhibition of acylpeptide 
hydrolase (APEH) by carbapenem antibiotics may be the 
key mechanism in this drug–drug interaction (21-23).

Yamamura et al. performed experiments using rats to 
determine the site and mechanism of this drug interaction. 
In their study, panipenem treatment resulted in a 

Table 5 Chi-squared test of pairwise comparison of the liver injury rate among the three groups

Group No. of liver injuries No. of non-injured livers 

VPA + meropenem (A) 17 31

VPA monotherapy (B) 1 65

VPA + imipenem (C) 1 26

A vs. B

χ2 24.02

P 0.000

A vs. C

χ2 9.528

P 0.002

B vs. C

χ2 0.436

P 0.509

Table 6 T-test of ALT value before and after concomitant use of 
imipenem (n=27)

ALT (U/L)

Before imipenem 40.48±24.97

After imipenem 65.22±48.01

F −3.002

P 0.006
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significant reduction in biological half-life and a notable 
increase in total body clearance of VPA in normal and 
nephrectomized rats; meanwhile, hepatectomy abolished 
the interaction completely (19). Furthermore, Spriet  
et al. reported on a patient with severe liver impairment. 
However, they presented a unique situation in which VPA 
plasma concentrations were achieved and maintained 
within the therapeutic range of 50–100 mg/L, probably 
due to cirrhosis. The VPA concentrations were measured 
daily starting on day 8, and were 86, 79, 76, 77, 84, and  
105 mg/L on days 8–13 during concomitant treatment with 
meropenem, and 100, 105, 99, 78, and 72 mg/L on days 
14–18 after cessation of meropenem (24). Thus, the site of 
interaction was identified as the liver.

In our results, when VPA was concomitantly used with 
carbapenems, the VPA serum concentration was decreased, 
and at the same time, the liver function was impaired or 
the ALT value was increased. In addition, meropenem 
drug interaction analysis showed a higher reduction in 
VPA concentration compared with imipenem. Similarly, 
the hepatotoxicity of the meropenem drug interaction was 
significantly more expressed compared to imipenem. Our 
results revealed that mechanisms of the two effects caused 
by the concomitant use of VPA and carbapenem might be 
dependent.

This study had some limitations: it is a retrospective 
study leading to data loss, especially blood levels. the VPA 
concentrations of six patients with meropenem were lower 
than those of three patients with imipenem, but there was 
no statistical comparison of VPA blood levels due to the 
limited samples.

The interaction between VPA and carbapenems 
resulted in a decreased plasma concentration of VPA as 
well as possible liver injury. Clinicians should be aware 
of this potential interaction, and closely monitor VPA 
concentrations and liver function. Different carbapenems 
combined with VPA showed different effects on both VPA 
concentration and liver function, which revealed that the 
mechanisms of the two effects might be related.
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