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Abstract

Obijective: The literature has described the inferaction between valproic
acid and carbapenems. This inferaction leads fo decreases in plasma
concentrations of valproic acid. The main objectives of this study were to
assess ifs relevance in clinical practice, to identify variables associated
with increased seizure episode rates, and fo analyse the impact of phar
maceutical intervention on avoiding the effects of this interaction.
Method: An observational refrospective study of inpatienfs with
epilepsy admitted between 2016 and 2020. Their pharmacological
treatment throughout admission was recorded, and the presence of other
interactions leading fo decreased plasma concentrations of valproic
acid was reviewed. The seizure rate during the year prior to admission
was compared fo that during the inferaction period. For every episode
in which the interaction was defected, an intervention was conducted by
providing the prescriber with information on the interaction and sugges-
ting a change of antibiotherapy as well as the pharmacokinetic monito-
ring of valproic acid.

Results: 37 episodes were included. 58.1% of the patients were male
and median age was 70 years. In total, 56.8% of the patients received
meropenem and 43.2% received erfapenem. The median duration of con-
comifant freatment with valproic acid and carbapenem was 4 days. The
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Resumen

Obijetivo: La interaccion entre cido valproico y carbapenems estd des-
crifa en la literatura y conlleva una disminucion de los niveles plasméticos
de dcido valproico. Los objetivos son evaluar su relevancia en la préctica
clinica, conocer las variables que se asocian a un incremento de crisis
epilépticas y analizar el impacto de la infervencién farmacéutica para
evitar las consecuencias de dicha inferaccion.

Método: En este esiudio observacional refrospectivo se estudiaron
pacientes con epilepsia hospitalizados entre 2016 y 2020. Se registré
el trafamiento farmacolégico prescrito en el ingreso y se revisé la presen-
cia de ofras inferacciones que redujeran la concentracion plasmatica de
4cido valproico. La frecuencia de crisis epilépticas durante el afio previo al
ingreso se compard con la correspondiente al periodo de interaccién. Se
realizé una intervencién en todos los episodios con la inferaccion detec-
tada informando al prescriptor sobre la interaccién y proponiendo susti-
fucién de la antibioterapia, asi como monitorizacion farmacocinética de
4cido valproico.

Resultados: Se incluyeron 37 episodios. El 58,1% eran varones y la
mediana de edad fue de 70 afios. El 56,8% de los pacientes recibié
meropenem y el 43,2% resfante, ertapenem. Para la duracion del fra-
famiento concomitante enfre &cido valproico y el carbapenem prescrito
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incidence rate ratio was 2.60 (95% confidence interval: 1.61-4.21). Thus,
this inferaction was associated with a higher seizure rate. A sfafistica-
lly significant association was found between higher seizure rates and
pafients freated with more than one anti-epileptic drug. Hospital phar-
macists detected 24 episodes (64.9%). In fofal, 17 interventions (70.8%)
were accepted and 13 combinations were discontinued. Pharmacokinetic
monitoring was conducted in 13 episodes (35.1%) and infratherapeutic
levels were found in all of them.

Conclusions: The interaction between valproic acid and meropenem or
ertapenem is clinically relevant. It is recommended that this combination
should be avoided provided that a viable alternative is available. Phar
maceutical infervention may confribute fo preventing seizures associated
with this combination.

Introduction

Valproic acid (VPA) is a firskgeneration antiepileptic drug (AED). Iis
effect is directly related to its plasma levels [current reference range:
50-100 pg/ml). Regarding disfribution, VPA exhibifs saturable plasma
profein binding even in the therapeutic range, which may explain the lack
of correlation between dose and plasma concentrations'?. The biotrans-
formation of VPA mainly occurs in the liver and is excreted in urine as glu-
curonide conjugate. This mefabolic pathway is reversible by acyl-peptide
hydrolase [APEH), which induces the deconjugation reaction. Carbapenem
antibiotics inhibit APEH, promoting the glucuronidation of VPA and ifs renal
clearance. Thus, concomitant treatment with a carbapenem and VPA leads
to a rapid decrease in plasma VPA levels and compromises its antiepileptic
effectiveness. In fact, previous studies have reported reductions in its plasma
concenfrations of more than 80%?7. This inferaction is classified by UpTo-
Date as risk D (i.e. it is generally recommended that therapy modification
be considered)®.

Despite theoretical knowledge of this interaction, there are few publis-
hed studies analysing its relevance in routine clinical practice”®!°. However,
these studies have not addressed factors inherent to antiepileptic freatment
that, in practice, could influence seizure control. These factors include the
number of AEDs prescribed for each patient, potential alterations in liver
function, or the form of administration of VPA.

Hospital pharmacists are highly competent in the correct management
of pharmacotherapy and thus have a relevant professional role in the review of
inpatient reatment. Within the pharmaceutical care of inpatients, the review
of interactions is included as one of the actions to guarantee the pharma-
cotherapeutic safety of patients'.

The main objective of this study was to assess the relevance of this inte-
raction in roufine clinical practice by quantifying differences in the frequency
of seizures experienced by epileptic patients under treatment with VPA when
exposed to any carbapenem marketed in Spain. The secondary objectives
were to determine which variables are associated with a higher incidence
of epileptic seizures and to analyse the impact of pharmaceutical inferven-
tion in the prevention of this inferaction.

Methods

A refrospective observational study conducted in a Group 5 hospital
graded according to the Spanish Minisiry of Health 2008 DRG classifica-
tion'2. The study was approved by the ethics committee of the hospital in
which the study was conducted.

We assessed all patients admitted between January 2016 and July
2020 who had received concomitant treatment with VPA and a carbape-
nem marketed in Spain [i.e. imipenem/cilastatin, meropenem, or ertape-
nem|. Inclusion criteria were as follows: 18 years or older, a diagnosis of
epilepsy with chronic treatment with VPA (i.e. for at least 3 months prior fo
admission), and the absence of infections or neoplasms involving the central
nervous system.

We recorded concomitant pharmacotherapeutic treatment for each
patient during the VPA-carbapenem interaction period, and the presence
or absence of other interactions that decreased VPA plasma concentrations.
These were determined using Lexi-Interact®, with special attention placed on
the detection of interactions widely described in the literature®.

se obfuvo una mediana de 4 dias. Se hallé una razén de tasas de inci-
dencia de 2,60 |intervalo de confianza del 95%: 1,61-4,21), por lo que
esta inferaccién se asocia a una mayor frecuencia de crisis epilépticas.
Se asocié una mayor frecuencia de crisis estadisticamente significativa
en los pacientes tratados con mds de un farmaco antiepiléptico. Los far
macéuticos hospitalarios detectaron 24 episodios (64,9%). Se aceptaron
17 infervenciones farmacéuticas [7/0,8%) y se suprimieron 13 combinacio-
nes. Se realizd monitorizacién farmacocinética en 13 episodios (35,1%) y
en fodos se hallaron niveles infraterapéuticos.

Conclusiones: La interaccion entre écido valproico y meropenem o
ertapenem es clinicamente relevante y se recomienda evitarla siempre
que existan alternativas viables. La intervencion farmacéutica puede con-
fribuir a prevenir las crisis epilépticas favorecidas por esta combinacion.

In order fo differentiate inferactionree seizures and interaction-based
seizures, two periods were defined: the year prior to admission and the
admission period itself, during which period patients were prescribed con-
comitant treatment with VPA and a carbapenem.

Hospital and primary care electronic medical records were used to
determine the pharmacological treatment prescribed and the frequency of
seizures during the admission period under study and during the previous
year.

If concomitant treatment was detected, pharmaceutical intervention was
conducted in writing via the electronic prescription and by telephone to the
prescribing physician. Information was provided on the available evidence
on the inferaction, pharmacokinefic monitoring of VPA was recommended,
and, if feasible, changeover from the antibiofic to a safer alternative was
proposed'®’®. In our centre, the pharmacokinetic monitoring of VPA levels is
measured as total plasma concentrations.

Data were recorded and analysed in a pseudoanonymised data collec-
fion nofebook. Regarding the descriptive analysis, quantitative variables
are expressed as medians (interquartile range) and qualitative variables are
expressed frequency distributions (%).

The main study objective was assessed by calculating the seizure inci-
dence rates (IR) during the year prior fo admission and during the VPA-
carbapenem interaction period. The seizure incidence rates were used
fo calculate the incidence rafe ratios (IRR) for the fofal sample with their
respective 95% confidence intervals (95% Cl) and compared by calcula-
fing the absolute risk difference'®. The number needed fo harm was also
calculated’.

Associafions between different pharmacotherapeutic variables and
seizure rates were also assessed by calculating the IRs and the IRRs with
their respective 95%Cls. To this end, patients were grouped by the car
bapenem prescribed and the number of antiepileptic drugs administe-
red. We calculated the IRRs for each subgroup and compared the IRRs
associated with the same variable with each other. Cases in which the
confidence infervals did not overlap were considered to be statistically
significantly different.

We assessed the acceptance and impact of the pharmaceutical infer-
vention by recording the actions taken by the prescribers after they received
information and recommendations from the pharmacists. Episodes were dis-
fributed according to whether VPA pharmacokinetic monitoring had been
initiated or not. For each group, we counted the number of episodes where
carbapenem or VPA had been disconfinued and the number of episodes in
which both prescriptions remained unchanged.

Results

We included 37 episodes in 31 patients (see Table 1 for the main datal.
None of our patients were freated with imipenem,/cilastatin.

It is noteworthy that during the search for interactions other than VPA-
carbapenem, we dlso found one episode involving VPA-darunavir and
VPA-ritonavir inferactions that may have potentially decreased the plasma
concentrations of the antiepileptic. Both could be implicated in a potential
reduction of antiepileptic drug levels and are classified by UpToDate as risk
C: thus, monitoring is recommended. However, the patient did nof expe-
rience an increase in the seizure rate during this period.
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Table 1. Main data of the patients comprising the total number of episodes and their respective pharmacological prescriptions
during hospital admission. Qualitative variables are expressed as absolute values (%) and quantitative variables as medians

(interquartile range).

Male

Female
Age, years

Liver function
1 or no liver enzyme > 3 times ULN
2 or more liver enzymes > 3 times ULN

Carbapenem prescribed
Meropenem
Ertapenem

Carbapenem dose
Adjusted to renal function
Higher than recommended for renal function

Duration of VPA-carbapenem combination, days

VPA treatment modality
Antiepileptic monotherapy
Antiepileptic polytherapy

VPA administration route
Oral
Immediate-release tablets or oral solution
Delayed-release tablets
Intravenous

18 (58.1%)
13 (41.9%)

70 (50.579.0)

35 (94.6%)
2 (5.4%)

21 (56.8%)
16 (43.2%)

36 (97.3%)
1(2.7%)

4(1-6)

15 (40.5%)
22 (59.5%)

33 (89.2%)
31 (83.8%)
2 (5.4%)
4(10.8%)

ULN, upper limit of normal; VPA, valproic acid.

In 13 episodes (35.1%), pharmacokinetic monitoring of VPA was perfor-
med during the drug-combination period. During all episodes, sub-therapeu-
fic levels of VPA were found with a mean total plasma drug concentration
of 15.5 £ 12.1 pg/mL.

During the VPA-carbapenem interaction period, the seizure incident rate
was 8.56% (8.56 seizures per 100 patient-days), whereas in the previous
year, without inferaction, it was 3.28%. Thus, the IRR was 2.60 (95% CI:
1.61-4.21), the absolute risk difference was 5.28%, and the number needed
to harm was 19 combinations.

In the subgroup analysis, no statistically significant differences were
found between patients receiving meropenem and those receiving ertope-
nem. In contrast, a stafistically significant increase in the IRR was found for
patients freafed with antiepileptic polytherapy (PAE) versus patients treated
with VPA as antiepileptic monotherapy [MAE) (Table 2).

The Pharmaceutical Care department for inpatients detected 24 episo-
des (64.9%) and conducted inferventions in all of them. These pharmaceu-
fical interventions prompted clinical decisions that led to the disconfinuation
of 13 combinations (Figure 1).

Discussion

This study obtained pharmacokinetic results that are in line with those
described in the previous literature. We found that the inferaction between

Figure 1. Actions faken by prescribing physicians after pharmaceutical inferven-
tion (n = 24). VPA: valproic acid.

7 (29.17%)

No pharmacokinetic monitoring 7 (29.17%)

B 1z

4 (16.67%)
Pharmacokinetic monitoring 5 (20.83%)

0 (0%)

0 2 4 6 8 10

No subsequent modifications B Carbapenem discontinued

M VPA discontinued

Table 2. Incidence rates and incident rate ratios for the study groups, calculated as number of seizures per 100 patient-days

Study group

Total sample (n = 37)

. Meropenem (n = 21)
Concomitant carbapenem
Ertapenem (n = 16)

. Patients receiving AEM (n = 15)
Number of AEDs prescribed

Patients receiving AEP (n = 22)

IR during th:e r:i%t;-interacﬁon IR during ::ki)r;teracﬁon IRR (95% Cl)
328856“260(16]42]) ....... "
2.10 531 2.62 (1.27-5.44)
4.86 15.00 3.10 (1.65-5.81)
0.02 0.00 0.00
5.52 17.02 3.09 (1.92-4.95)

AED: antiepileptic drugs; AEM: antiepileptic monotherapy; AEP: antiepileptic polytherapy; 95% Cl: 95% confidence interval; IR: incident rate; IRR: incident rate ratio.
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VPA and meropenem or erfapenem is clinically relevant and potentially
severe. These results were obtained not only because the study patients
exposed fo meropenem or erfapenem had sub-therapeutic plasma concen-
trations of VPA, but also because there was a significant increase in the
seizure episode rate compared fo that during the period in which VPA was
prescribed without associated carbapenem therapy. Moreover, strategies
based on increasing the dose of VPA have been shown to be ineffective in
resforing plasma VPA levels”01¢.

The relevance of the inferaction is such that studies are currently
underway on the clinical applicability of the use of carbapenems in VPA
poisoning”'8. However, more information is needed on their efficacy and
safety in this seffing.

We found a marked difference in seizure rates between the anfiepi-
leptic monotherapy and antiepileptic polytherapy groups. This finding may
have been obtained because patients requiring more than one AED have
a history of poorer seizure control and their condition is more resistant fo
pharmacological treatmenf''?. This factor is also a limitation since we did
not estimate what proportion of the increase in seizures could be related fo
it. Given that antiepileptic polytherapy is associated with increased seizure
rafes, we recommend that patients receiving this type of treatment should
be closely monitored.

Due to the significant predominance of the use of immediate-release oral
forms in the sample, no analysis was performed of the different forms of VPA
administration in these patients. It would be of inferest o include this variable
in future studies, especially to understand the impact of the interaction in
patients receiving confinuous infusion VPA.

This study was conducted in a single centre with a small sample, which
might explain the lack of significant differences by carbapenem adminis-
tered. Previous studies have found this type of difference and shown that
the reduction in VPA levels was less in patients receiving imipenem than in
patients receiving meropenem or erfapenem’.

This study is also limited by its retrospective design: for example, the
potential omission of seizure episodes prior to admission that may not have
been recorded in the clinical history.

This study has demonstrated the relevance of this interaction and ifs
pharmacokinetic impact. Based on these results, we recommend that the
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may cause severe interactions. Their prevention should be prioritised.
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