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Abstract

Introduction: The administration of valproic acid (VPA) with a carbapenem antibiotic results in reduced VPA concentrations. This article aims
to examine the existing literature on the impact of the co-medication between VPA and carbapenem, and conduct VPA model-based dose
optimisation using simulated participants.

Methods: A literature review was conducted utilising Medline™ (via PubMed®), ResearchGate®, and Google Scholar™ (using the following
search terms: valproate, valproic acid, carbapenem, ertapenem, meropenem, imipenem, and valproate drug-drug interaction), to obtain
clinical studies and case reports reporting on the interaction between VPA and carbapenems. Additionally, a manual search of prominent
journals for articles cited in PubMed and Google Scholar was performed. Publications were included up to March 2025 with no lower limit
enforced. Model-based simulations for sodium valproate were conducted with RxODE2 (R package) using RStudio.

Results and discussion: Our analysis of 13 pharmacokinetics studies and 15 case reports indicates that carbapenem antibiotics, such as
meropenem, ertapenem, and imipenem, can reduce the serum levels of VPA, leading to subtherapeutic concentrations and seizures in
certain patients. About a 60-90% increase in VPA clearance was observed. Doses of 465-1 053 mg (10-15 mg/kg/day) were shown to be
subtherapeutic for patients taking carbapenems, with doses from 1 227-2 725 mg (25 mg/kg/day) only reaching therapeutic targets, and are
most likely to increase the drug’s side-effects profile.

Conclusions: In general, it is advisable to avoid the concurrent use of carbapenem antibiotics and VPA derivatives due to the possibility of a
drug-drug interaction that causes sub-therapeutic valproate serum levels. Alternative antimicrobial agents should be considered instead of

carbapenems; however, if the use of a carbapenem is necessary, an additional antiepileptic is suggested.
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Introduction

Valproic acid (VPA) is among the most commonly prescribed
antiepileptic medications globally." In addition to its use in
treating epilepsy, VPA is also indicated for managing migraines
and bipolar mood disorder."? Therapeutic drug monitoring (TDM),
which involves measuring the blood levels of a medication to
ensure its concentration remains within the therapeutic range,
is particularly important for VPA due to the significant variability
in dosage requirements and observed plasma concentration
among patients treated with VPA."** Moreover, use of VPA has
been associated with common early side-effects such as anorexia,
nausea, vomiting, and somnolence. Weight changes, jaundice,
and hypoglycaemia have also been reported.'*

The absorption of VPA is reported to be about 90-100% from the
gastrointestinal tract, with peak levels within 3-8 h.3- Literature
suggests that VPA is highly (90-95%) bound to plasma albumin
with dose-dependent kinetics at high doses.? In addition, its
apparent volume of distribution (Vd) is 0.1-0.5 L/kg.>* Moreover,
VPA is primarily eliminated via hepatic metabolism, mainly by
conjugation with glucuronic acid, 3-oxidation, and w-oxidation,

https://doi.org/10.36303/SAPJ.2836

with about 3-7% of VPA excreted in urine unchanged.® VPA
undergoes metabolism via glucuronidation and cytochrome P450
(CYPs) 2€9, 2C19, and 2A6 isoenzymes, therefore, VPA metabolism
can be altered by medicines that induce or inhibit these enzymes
(i.e. phenytoin, phenobarbital).>*¢ Following multiple dosing, oral
clearance (CL) is variable, ranging from 0.28 to 0.63 L/h, while half-
life (t, ,) is between 6 and 17 h.> Time needed to reach steady-state
is 1-3 days. Target VPA concentrations are associated with seizure
control, with optimal seizure control achieved with a VPA target
serum concentration between 30 and 100 mg/L.>” However, some
patients may benefit from concentrations greater than 120 mg/L
without experiencing adverse effects.®

Carbapenems doripenem, imipenem, and
ertapenem) are asubclass of antibiotics that belong to the f-lactam

(meropenem,

antibiotics, similar to penicillin and cephalosporins. Carbapenems
work as cell wall synthesis inhibitors,®® and have a wide spectrum
of antimicrobial coverage (Gram-positive, Gram-negative, and
anaerobic bacteria). The use of carbapenems has increased as
a result of the rising resistance to cephalosporin antibiotics in
Enterobacteriaceae (Escherichia coli, Klebsiella, Enterobacter,

SAfrPharm J 2026 Vol 93 No 1


https://doi.org/10.36303/SAPJ.2836

REVIEW

and related genera).®® However, concomitant therapy between
VPA and carbapenems has been demonstrated to significantly
increase the CL of VPA due to CYP450 enzyme induction, inherent
to carbapenems.’ This interaction is particularly noteworthy as
a series of population analyses have consistently reported that
carbapenems enhance the metabolic CL of VPA by a significant
36-41%.'%'® Studies exploring this pharmacokinetic relationship
highlight the implications for therapeutic drug monitoring and
dosage adjustments in patients receiving both medications. The
increased VPA clearance can potentially lead to subtherapeutic
levels of VPA, necessitating careful management to ensure
optimal therapeutic efficacy while minimising VPA adverse effects
or breakthrough seizures.

The primary objective of this study was to conductacomprehensive
systematic review and analysis of the interactions between VPA
and carbapenems by aggregating data from relevant clinical
studies and detailed case reports. We aimed to understand the
pharmacokinetic and pharmacodynamic relationships between
these medications, with a particular focus on how carbapenems
may affect the serum levels and overall efficacy of VPA. Additionally,
our investigation included a thorough evaluation of model-based
simulations designed for optimising VPA dosing strategies in
patients concurrently receiving both VPA and carbapenems. This
exploration sought to determine whether increasing the VPA
dosage could facilitate the attainment of therapeutic levels while
ensuring safety and minimising the risk of toxicity and associated
adverse effects. Through this research, we aim to provide insights
that may guide clinical decision-making and enhance patient
outcomes in multi-drug therapies (VPA and carbapenem).

Method

A comprehensive review of population pharmacokinetic studies
and case reports involving VPA and carbapenems interaction was
conducted using the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) guidelines,” on databases
including PubMed®, ResearchGate®, and Google Scholar™. The
search strategy used a combination of specific keywords and
phrases designed to capture relevant literature. The search terms
utilised were: (‘valproic acid’ OR ‘sodium valproate’ OR ‘VPA’) AND
(‘carbapenems’ OR ‘imipenem’ OR ‘meropenem’ OR ‘ertapenem’
OR ‘drug-drug interaction’) AND (‘population pharmacokinetic’
OR ‘pharmacokinetic model* OR ‘nonlinear mixed effect* OR
‘NONMEM’) and many more.

Inclusion and exclusion criteria

Identified studies (case reports and articles) were eligible if
treatment of VPA and carbapenems was indicated for participants,
and the full-text/articles included a published population
pharmacokinetic model using nonlinear mixed effect modelling
approaches reporting carbapenems as a significant covariate for
VPA studies. Studies were excluded from this review if the articles
were systematic reviews or focused on methodology/algorithm
or software/program considerations and did not report any new

data. In addition, studies were excluded if they were conducted
in animals, information on methodology or pharmacokinetics
on VPA-carbapenem interaction was insufficient, or articles/case
reports were incomplete (only abstract available or accessible).

Data extraction

The following information was extracted from each included
article or case report: study characteristics (e.g. types of study,
sampling time, number of collected samples, dosage regimen and
VPA formulations), target population (patients or healthy subjects),
population characteristics (e.g. age and weight range, gender,
disease, concomitant medication). In addition, information on
population pharmacokinetic analyses such as structural models,
statistical models (i.e. inter-individual and residual variability),
parameter estimates, covariates retained in the model, as well as
their criteria for significance, and approaches employed for model
evaluation (e.g. internal or external validation).

Simulations for dose selection

Monte Carlo simulations (n = 30 000) were utilised to predict
plasma VPA concentrations in patients with typical characteristics
under various dosing regimens (10-60 mg/kg/day, children and
adults) across paediatric and adult population using RxODE2, an
R package (version 3.6). Each simulation followed a 24-h dosing
interval. The therapeutic range for VPA is defined as 30-100 mg/L
as per South African guidelines” The simulated dataset was
generated based on published population pharmacokinetic
studies'1618-20 with participants’ characteristics summarised in
Supplementary Table SI.

Two models were used for dose optimisation and simulation.
Model 1 was published by Zhang et al.'® as a one-compartment
model with CL as a parameter affected by six significant covariates:
weight (WT), creatinine (Cr), albumin (ALB), gender, carbapenem
(CBP), and inducers (IND2), with nCL representing the between-
subject variability on clearance amongst the participants (See
equations 1 and 2 below).

0.787 -0.253 0873
WT cr ALB
CL =043 x (5) p (—’) p (—) X @Gender 3 gCBF 5 oIND2 5 onCL Py ]

50.3 39

0.751

WT
vd = 8.66 x (—) Eq.2

60

Model 2 is published in a paper by Botha et al.'" Botha et
al. conducted their study in children and developed a one-
compartment model, however, with fewer covariates on CL, with
only WT and carbapenem (M) (See equation 3 below).

ClL = e(ﬂ.ﬂzz~wr—1.33) X M Eq.3

where M = 1.6 for VPA for participants taking carbapenem
Results

Description of the studies

A total of 200 articles and 19 case reports were identified through
a database search (Figure 1). From the 200, 52 (26%) duplicate
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Figure 1: PRISMA diagram for valproic and carbapenem articles and case reports. VPA, valproic acid, PK, pharmacokinetics, n, number of articles or case
reports.

articles were removed at the title/authors screening stage. In Impact of VPA-carbapenem interaction
addition, 135 (91.2%) were removed through abstract and full-

text screening. Of the 19 case reports, 4 (21.1%) were excluded A total of 24 patients were included from the 15 case reports.?'->
as they only reported on VPA, and the patients were not tak|ng The case reportS were publlshed from 1987—2012, with a total
a carbapenem. A total of 13 articles and 15 case reports were of 88 VPA samples measured from these patients. Of the 88
included for analysis. VPA samples, 50 (56.8%) were below target concentrations
VPA only (before VPA and Carbapenem VPA only (after carbapenem
carbapenem was started) was discontinued)
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Figure 2: Valproic acid (VPA) and carbapenem interaction: impact on measured plasma concentrations. The horizontal grey dotted lines represent the
VPA target concentrations (40-100 mg/L). The X-axis represents time in days: In the VPA-only strata, day 1 corresponds to the day when the first VPA
sample was taken prior to initiating carbapenem. In strata 2, which includes both VPA and carbapenem, the days indicate the periods (VPA samples)
during which both VPA and carbapenem were administered together. Strata 3 (VPA only-carbapenem discontinued), reflects the days of VPA sampling
following the cessation of carbapenem therapy.
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A. Model 1 (Weight, gender, serum creatinine, albumin, and carbapenem)

Model-based simulations and dose optimisation

The simulated dose of 10-20 mg/kg/day of VPA was
shown not to reach the target concentrations in
individuals receiving carbapenems, compared to those
not on carbapenems, in both models 1 and 2 (See Figure
3A and B). For individuals not taking carbapenem and
administered 10 mg/kg/day, dose ranges were seen to
be between 465-1 053 mg/day, with targets reached.
For individuals taking carbapenem, targets were
reached at higher doses of 25 mg/kg/day (1 227-2 725

mg/day) (See Figure S1, stratified according to patient
demographics: weight, sex, age, and serum creatinine).

Discussion

This systematic review and meta-analysis evaluated
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B. Model 2 (Weight and carbapenem)

>70 the impact of VPA with concomitant administration of

carbapenems. We have reported results from 15 case
reports and 13 articles. The impact of carbapenems

Without carbapenems With carbapenems

on VPA plasma target concentration is significant, with

200

150

more than 80% of the samples measured during this
concomitant administration not reaching the target
(40-100 pg/ml). The pharmacological treatments of
epilepsy have been empirical.*® The population-based
therapeutic range of VPA (40-100 pg/ml) is only a guide
to efficacy’®'®3” and these measurements are also used
for assessing adherence.® Though these measured
or monitored plasma concentrations and doses of

Valproic acid concentration (mg/L)

VPA are highly correlated,"'® there is still notable
variability in the optimal VPA concentrations among
individuals treated with VPA for epilepsy. In clinical
practice, VPA can also be used alone or in combination

with other antipsychotic agents to treat mania in

i

bipolar mood disorders®*#° and to treat aggression
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Figure 3: Model-based simulations for participants taking both valproic acid and
carbapenem. The horizontal grey dotted lines for both models A and B represent the

VPA target concentrations (40-100 mg/L).

(40-100 mg/L), with 44 (88%) of these measured during the co-
medication with carbapenems (See Figure 2). Seizures were
reported in 7 (29.2%) of the patients receiving carbapenems
with measured VPA concentrations below the target (< 40 mg/L).
Interestingly, all the 19 patients had VPA levels reaching the target
(40-100 mg/L) after carbapenem was discontinued (See Figure 2).

For the 14 population pharmacokinetics articles reporting the
interaction of carbapenems and valproic acid, all had sufficient
sample size (See Table I). Other significant covariates reported
by these articles included age, gender, enzyme induction, co-
medication with phenobarbitone, phenytoin, and VPA dose. All of
these articles reported that carbapenem increases the CL of VPA
(Table ).

in children with attention deficit hyperactivity
disorder (ADHD), and chorea.’ There is also evidence
on the use of VPA as treatment and prophylaxis for
migraine,*'*? and potential VPA neuroprotective effects
in Alzheimer’s patients.” However, research is still being
conducted for conclusive use and inclusion in package
insert or labelling of VPA in migraine and Alzheimer’s.
Consequently, personalised dosing through therapeutic
drug monitoring will be essential for determining the optimal
serum VPA concentration necessary to achieve therapeutic targets
in all the conditions mentioned above where VPA will be used.

Our analysis of the case reports demonstrated that 29.2% of
the patients who received VPA and a carbapenem had poorly
controlled seizures. In addition, the attempts to increase the VPA
dose failed to achieve target plasma concentrations (40-100
mg/L) for this patient group, and the target plasma concentration
was only reached after the carbapenems were discontinued. The
literature provides several evidence-based recommendations for
managing patients receiving both VPA and carbapenems. Some
of the approaches include (i) for low-risk patients, continued VPA
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monitoring, while limiting the duration of carbapenem therapy,*
(ii) keep VPA, but add a second antiepileptic (e.g. levetiracetam),
selected based on seizure type, potential adverse effects,
interactions with other medications, and comorbid medical
conditions * (jii) discontinue VPA and consider an alternative anti-
epileptic such as phenytoin, phenobarbital or levetiracetam,* and
(iv) review microbiological susceptibility profile and consider an
alternative antibiotic for the carbapenems.® In resource-limited
facilities (government hospitals in South Africa), there are limited
antibiotic options the clinicians can choose from for the treatment
of multidrug-resistant Gram-negative (i.e. extended-spectrum
B-lactamases) infections. Therefore, carbapenems eventually
become the only available and considered antibiotic of choice for
the treatment of these infections.

Carbapenems are stable against hydrolysis by most 3-lactamases
produced by drug-susceptible organisms. However, the
interaction between carbapenem with VPA limits carbapenem
use in individuals taking VPA. Carbapenems’ mechanism or effect
on clearance is said to be related to the hepatic metabolism of
VPA. According to Blanco-Serrano et al.,' carbapenems enhance
the glucuronidation of VPA by increasing uridine diphosphate-
glucuronicacid levels, which in turn resultin a 60-80% reductionin
VPA plasma concentrations. A population pharmacokinetic study
by Zhang et al. investigated the influence of coadministration of
carbapenems on the CL of VPA, and about 4.9% of participants
were co-administered carbapenems (4.1% with meropenem and
0.6% with ertapenem) and VPA. A significant 448.2% increase
in VPA CL was observed in participants with carbapenem co-
medication.’® Other studies have reported similar findings, with
VPA serum concentrations decreasing significantly by 69.1% with
ertapenem and 65.2% with meropenem. #4748

Our meta-analysis showed that the onset of the interaction can be
rapid, as a significant reduction in the serum VPA concentration
was observed within 1 to 30 days of co-administration and
recovery of plasma levels was noted within 3 days to 2 weeks
after carbapenem discontinuation. This suggests that there is a
possibility of this interaction being facilitated through multiple
mechanisms other than enzyme induction, as enzyme induction
may take days to weeks to occur.?' Other reported mechanisms
include absorption (increased perfusion of VPA from the luminal
to the vascular perfusate and inhibition of the absorption of VPA
at the basolateral membrane of intestinal epithelial cells),***° and
distribution (increased erythrocyte distribution of VPA, and the
efflux of VPA from erythrocytes inhibited by multidrug resistant-
associated proteins).>"2

We also evaluated the effectiveness of increasing the dose
using model-based simulations in the cohort co-administered
carbapenems. A comparable study by Zhang et al. used NONMEM.
In Zhang's model, a male weighing 60 kg, aged 33 years, with 50.3
pmol/L Cr and 39 g/L ALB, not taking CBP and IND2, requires a
VPA dose ranging from 903 mg (target of 50 mg/L) to 1 795 mg
(100 mg/L) every 24 h. These results were also reproducible in our
application of the same model by Zhang et al., across individuals

weighing 38.8-125kg and 2-70 years of age (See Figure 3A). In
contrast, simulations using the model by Botha et al. (model
2, Figure 3B), a different prediction was observed with the high
weight category and older participants (showing a significant
underprediction), and this can be due to that the model was
developed using only children.

Our dose recommendations using both models for individuals
taking VPA and carbapenems were similar to those by Zhang et al.,
and were high (as shown in Figure 3A and B). This can increase the
likelihood of VPA side-effects when targets are unattainable and
no benefits are observed."'¢ In addition, VPA clearance is correlated
significantly with the VPA daily dose. 171418205354 An improvement
in model fit obtained with the inclusion of the VPA dose has been
observed in many pharmacokinetic studies,'>4182053-5¢ \which
showed that a patient receiving a higher dose has a higher CL rate
than a patient receiving a lower dose. In two recent studies that
used the same methodology,'>*> a non-linear relationship was
established between CL and the VPA daily dose. Similar findings
were also reported by Blanco-Serrano et al.*® Therefore, increased
VPA dose leads to increased total concentration of the drug,
consequent increase in its free fraction, and associated increased
CL.>® This indicates that it may be more effective to consider
alternative or dual antiepileptic therapy if carbapenems are
administered, rather than continuing to increase the VPA dose, as
increasing the VPA dose may lead to consistently subtherapeutic
levels because of the increased CL of VPA.

Our analysis is based solely on reported VPA concentrations
from case reports, which consist of a single post-dose sample.
While this sampling method is recommended, it restricts our
ability to examine the effect of carbapenem on the entire plasma
concentration profile of VPA, from absorption to elimination.
Furthermore, the model developed by Botha et al. was specifically
designed for the paediatric population, which means it primarily
accounts for this demographic. As a result, it tends to underpredict
VPA levels in adults, the elderly, and individuals with higher body
weights.

Conclusion

Based on our analysis of data from clinical studies and published
case reports, the combination of VPA and carbapenem antibiotics
should be avoided whenever possible.The reductioninVPA plasma
concentration observed in these cases is significant, and this
pharmacokinetic interaction may lead to uncontrolled seizures.
Increasing the dose VPA, increases VPA plasma concentration:
however, VPAs CL also increases. It is advisable to consider
alternative antimicrobial agents instead of carbapenems when
susceptibility results allow. Additionally, replacing VPA with a non-
interacting antiepileptic medication or prescribing an additional
antiepileptic agent may be appropriate. When carbapenem-VPA
combination therapy is deemed necessary, therapeutic drug
monitoring of valproate levels is strongly recommended.
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Supplementary Table Sl: Simulated participants characteristics

Age (years), median [min, max] 37.0[2.00, 70.0]
Male, n (%) 15960 (53.2%)
Weight (kg), median [min, max] 72.4[38.8,125]
Albumin (g/L), median [min, max] 37.0[24.0,52.0]
Enzyme inducers 1, n (%) 15420 (51.4%)
Serum creatinine (micromol/L), median [min, max] 227 [14.0, 446]
On carbapenems, n (%) 15300 (51.0%)
A. Weight (kg) B. Serum creatinine (micromol/l)
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Figure S1: Dose optimisation for 25 mg/kg/day for virtual participants using Model 1. The horizontal dotted lines represents the target valproic acid
concentration (40-100 mg/L).
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