DRUG INTERACTIONS
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Several case reports indicate that carbapenem antibiotics,
especially meropenem, may decrease the plasma concen-
trations of valproic acid (VPA), thus decreasing its thera-
peutic activity. To investigate the onset, severity, and dose
dependency of the interaction between meropenem and
VPA, the authors carried out a retrospective evaluation of
data collected during 24 months from patients hospital-
ized in a tertiary medical center. The analysis included
36 patients. VPA mean + SEM plasma concentration
decreased from of 50.8 + 4.5 ug/mkL to 9.9 £ 2.1 ug/mL
(P < .001) following meropenem administration. After dis-
continuation of meropenem, VPA plasma concentrations
remained low for 7 days and then gradually increased after
8 to 14 days, reaching values comparable to those before
meropenem initiation. Different daily VPA doses showed a

similar pattern of decreased VPA concentrations. The
mean decrease in individual plasma VPA concentration
was 82.1% * 2.7%. The mean VPA plasma concentration
of patients in whom samples were drawn within 24 hours
of meropenem initiation was 9.9 + 3.2 pg/mL. In conclu-
sion, the interaction between meropenem and VPA causes
a significant decrease in VPA plasma concentration, appar-
ently within 24 hours. As the therapeutic effects of VPA are
plasma concentration dependent, the data suggest that
these drugs should not be administered concomitantly.
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fter the discovery of its antiepileptic activity by

Meunier in 1963, valproic acid (VPA) has been
extensively used for treatment of different forms of
epilepsy,’ peripheral neuropathic pain,” migraine
prophylaxis,®® bipolar disorder, and other psychiat-
ric conditions.®
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For the treatment of simple or complex seizures,
VPA is usually initiated at doses of 10 to 15 mg/kg/d
and may be gradually increased to achieve optimal
clinical response up to a maximal dose of 60 mg/
kg/d. The dose for prophylaxis of migraine might be
somewhat lower than the antiepileptic dose, as sev-
eral studies showed efficacy at doses of 500 to 1500
mg/d.’ The target plasma concentrations of VPA for
the treatment of epilepsy are 50 to 100 pg/mlL,
whereas lower plasma concentration increases the
risk of breakthrough seizures.” Although not well
defined, several studies suggest that the target con-
centration for indications other than epilepsy is
approximately within the same range.®

Meropenem is a broad-spectrum, central nervous
system (CNS)—penetrating carbapenem antibiotic
used for the treatment of infections by gram-positive,
gram-negative, and anaerobic infections. Meropenem
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is given intravenously in daily doses of 3000 mg for
non-CNS infections or 6000 mg for CNS infections,
with reduction of dose in patients with impaired
renal function. During the study period, meropenem
was the drug of choice for the empiric treatment of
hospital-acquired meningitis in our institution, due
tohigh prevalence ofresistant species of Acinetobacter
baumannii. Imipenem, another CNS-penetrating car-
bapenem, is usually not used for treating meningitis,
as the reported incidence of carbapenem-induced
seizures appears to be higher with imipenem than
with meropenem.® For the same reason, meropenem
is also the drug of choice for patients in whom car-
bapenem antibiotics are indicated but who have an
active seizure disorder or are at high risk of develop-
ing seizures (eg, neurosurgical patients, patients with
head trauma or history of epilepsy). Several case
reports have been published lately indicating that
carbapenem antibiotics, especially meropenem, may
decrease the plasma concentrations of VPA, thus
decreasing its therapeutic activity.'*®

The mechanism of the interaction between VPA
and meropenem has been studied in different animal
models. Coadministration of meropenem was shown
to significantly decrease plasma concentrations of
VPA in a rabbit model."” The study showed that
meropenem accelerated the glucuronidation of VPA
to VPA glucuronide (VPA-G) and inhibited the hydro-
lysis (de-conjugation) of VPA-G back to the parent
compound, thus increasing the clearance of VPA and
VPA-G. The study showed no replacement of protein-
bound VPA from its binding sites or increase in
unbound VPA plasma fraction. Another study®®
clearly showed that panipenem, another carbapenem
antibiotic, causes neither enzyme induction nor
allosteric activation of UDP-glucuronosyltransferases
(UGT), enzymes responsible for the glucuronidation
of VPA. Further investigation of the interaction
mechanism between carbapenem and VPA, using
liver and kidney slices from monkeys and rats,'® also
showed an increase in VPA-G production. However,
contrary to others,' this study did not show a sig-
nificant increase in glucuronidation activity, thus
explaining this interaction by inhibition of VPA-G
de-conjugation. These results suggest that VPA-G
undergoes de-conjugation by beta-glucuronidase to
the parent compound VPA, and carbapenems increase
the clearance of VPA by specifically inhibiting this
step in hepatocyte cytosol.

Previously published case reports, indicating that
interaction between VPA and meropenem occurs,
led us to perform a retrospective inpatient data
evaluation to estimate the incidence and severity of
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the pharmacokinetic interaction between mero-
penem and VPA in patients receiving the drug com-
bination. Our secondary objectives were to discover
whether the interaction is dose dependent and to
determine the time course of plasma VPA decrease
and recovery following meropenem treatment.

MATERIALS AND METHODS

Data Collection and Analysis

Data were collected from computerized charts of
patients hospitalized in a tertiary 1800-bed medical
center between January 2004 and January 2006, and
these patients met the criteria of receiving therapy
with VPA and meropenem during hospitalization.
The study protocol was approved by the Institutional
Review Board of Sheba Medical Center. Patients’
demographic data, clinical records, comorbidities,
concomitant medications, complete laboratory ana-
lyses data, and VPA plasma concentrations were
obtained throughout the hospitalization period. The
data were processed to discover the dose regimen,
the duration of VPA and meropenem administration,
and the overlapping period of treatment with both
medicines.

To elucidate whether the interaction occurs at all
dose regimens of VPA, we divided the patients into
4 subgroups for analysis, depending on VPA daily
dose:

Group 1: daily dose <1000 mg
Group 2: 1000 mg < daily dose < 2000 mg
Group 3: 2000 mg < daily dose < 3000 mg
Group 4: daily dose 23000 mg

The patients in our study received different dos-
age forms of VPA: sodium valproate solution for
injection (Orfiril, Desitin GmbH, Gronau, Germany),
sodium valproate tablets or oral solution (Depalept,
CTS Chemical Industries, Kiryat Malachi, Israel), or
valproic acid tablets (Valporal, Teva Pharmaceutical
Industries, Kfar Saba, Israel). The different dosage
forms have previously been shown to vary in the
rate of absorption of VPA but not in the extent
absorbed due to the high (90%-95%) bioavailability
of the drug.! Therefore, we calculated the daily dose
of VPA regardless of the dosage form administered.
We examined each dose group to find whether VPA
plasma concentration decreased following administra-
tion of meropenem and to investigate the time course
of VPA recovery after discontinuation of meropenem
treatment. To examine the onset of the interaction, we
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separately looked at VPA concentration from samples
that were obtained within 24 hours of meropenem
initiation. In addition, to investigate whether the
dose of meropenem influences the severity of the
interaction, we compared the percentage of decrease
in VPA concentration in patients who received high-
dose meropenem for the treatment of CNS infections
with patients who received low-dose meropenem for
non-CNS infections.

Inclusion and Exclusion Criteria

Inclusion criteria were as follows: patients receiv-
ing VPA and meropenem during the hospitalization
period between January 2004 and January 2006.

Exclusion criteria were as follows: patients in
whom VPA therapy was discontinued before the ini-
tiation of meropenem; patients whose VPA plasma
concentration data were lacking; patients whose
plasma samples for VPA concentration measurement
were drawn within 2 hours after VPA administration;
patients with severe liver impairment, measured by
an increase of the hepatocellular enzymes (aspartate
aminotransferase [AST] and alanine aminotrans-
ferase [ALT]) more than 3-fold of their normal values
(5-35 U/L and 8-36 U/L, respectively), which could
be responsible for the increased VPA plasma concen-
tration; and patients who received drugs potentially
interacting with VPA (phenobarbital, phenytoin,
carbamazepine,?**! topiramate,” acyclovir,” meflo-
quine, rifampin, ritonavir, ethosuximide, isoniazid,
felbamate, imipenem, and ertapenem®) in a way that
could affect VPA plasma concentrations relevant for
data analysis.

The interaction probability was estimated using
the Drug Interaction Probability Scale (DIPS),? previ-
ously used to estimate the interaction between VPA
and meropenem.** We defined the interaction “event”
as a drop in VPA plasma concentration of more than
50%. When no plasma VPA concentration was avail-
able before meropenem initiation at the current hos-
pitalization but the patient had prior documented
50- to 100-mcg/mL VPA plasma concentration, the
“event” was defined as VPA concentration below the
lower threshold of the therapeutic window after
administration of meropenem. To eliminate insig-
nificant changes, we defined this lower threshold as
40 pg/mL instead of 50 pg/mL, which is accepted in
the literature. When the patient received one of the
drugs that could be responsible for low VPA plasma
concentration (as used in exclusion criteria), we
graded (—1) on the “reasonable alternative causes for
the event” question, even when the affecting drug was
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administered chronically with no dose changes dur-
ing the treatment period.

Statistics

All results are presented as mean + SEM. One-way
analysis of variance (ANOVA) method was used to
compare among the groups, and intergroup signific-
ance was tested using the Tukey multiple-comparisons
test. The Instat (GraphPad Software, San Diego,
California) program was used to calculate the inter-
group statistical differences and the P values. The
differences were considered significant at P < .05.

RESULTS

Study Population

Over a 24-month period of the study, 68 patients
who received both VPA and meropenem during the
hospitalization period were identified by a compu-
terized file system. Thirty-two patients met the
exclusion criteria and therefore were not included in
the analysis. Thirty-six patients met the inclusion
criteria. Their mean age was 58.7 £ 3.1, and mean
weight was 78.3 + 4.3 kg (29 men and 7 women).
Twenty-two patients were hospitalized in the neuro-
surgery department, 7 patients in internal medicine
departments, 3 patients in the neurology depart-
ment, 3 patients in the surgical department, and
1 patient in the hematology department. The mean
daily dose of VPA was 2.04 = 0.07 g. The mean daily
dose of meropenem was 4.88 + 0.25 g. Twenty-four
patients received high-dose meropenem for CNS
infections, and 12 patients received low-dose mero-
penem for non-CNS infections. As a rule, the blood
samples for VPA concentration measurement were
obtained in the morning, prior to the first morning
VPA administration. Two patients had significantly
increased ALT/AST levels, as determined by exclu-
sion criteria, at 1 occurrence each. Both of them
were under combined meropenem and VPA treat-
ment at that point. The VPA concentrations were
very low: 1.5 mcg/mL for 1 patient and 2.9 mcg/mL
for the other patient. As the patients were under
meropenem treatment at that point and because
hepatic failure may cause an increase and not a
decrease in VPA plasma concentration, those
2 patients were not excluded from the analysis
because they did not have increased VPA concentra-
tion due to severe liver failure.

Figure 1 summarizes the data on the mean trough
VPA concentration in all patients before initiation of
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Figure 1. Mean valproic acid (VPA) plasma concentrations
before (n = 49), during (n = 41), and at 3 periods after meropenem
(MER) treatment in all patients. The 3 periods are 1 to 7 days after
meropenem discontinuation (post-MER) (n = 29), 8 to 14 days
post-MER (n = 19), and more than 14 days post-MER (n = 22). The
bars indicate the SEM. ***P < .001. ns, no significant difference
(P > .05). n, number of VPA samples.

meropenem, during meropenem treatment, and at 3
time periods after discontinuation of meropenem,
regardless of VPA daily dose. These time periods
were chosen as 1 to 7 days, 8 to 14 days, and more
than 14 days after meropenem discontinuation.
This division was chosen as some data show that
VPA concentrations recover within an average of
8 days,* whereas other data indicate that the influ-
ence of meropenem on VPA levels can last more
than 2 weeks.’® The mean trough VPA plasma con-
centrations decreased from 50.8 + 4.5 pg/mL to 9.9 +
2.1 pg/mL (P < .001) following administration of
meropenem. During 1 to 7 days after meropenem dis-
continuation, the concentrations remained low
(18.6 + 3.4 ug/mL, P> .05). Eight to 14 days after dis-
continuation of meropenem, the VPA plasma con-
centrations reached a level comparable to the
pretreatment values (44.7 £ 5.2 pg/mL; P > .05) and
were higher than during the 1- to 7-day period (P <
.001). The VPA concentrations measured >14 days
after meropenem discontinuation did not differ from
the pretreatment group or 8- to 14-day group (P > .05).

Figures 2 to 4 summarize the data on mean VPA
concentrations measured following administration of
up to 1000 mg (Figure 2), 1000 to 2000 mg (Figure 3),
and 2000 to 3000 mg (Figure 4) daily VPA doses,
along the same time periods. Figure 2 compares only
4 time periods because VPA plasma concentrations
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Figure 2. Mean valproic acid (VPA) plasma concentrations
before (n = 4), during (n = 4), and at 2 periods after meropenem
(MER) treatment in patients receiving up to 1000 mg VPA/d. The
2 periods are 1 to 7 days after meropenem discontinuation (post-
MER) (n = 5) and more than 14 days post-MER (n = 4). The bars
indicate the SEM. *P < .05. ns, no significant difference (P > .05).
n, number of VPA samples.

were not measured at 8 to 14 days after meropenem
discontinuation in group 1. A significant decrease in
VPA plasma concentration is shown in all dose
groups as a result of meropenem administration. In
the first period of less than 8 days after meropenem
discontinuation, all groups showed a small and insig-
nificant increase in VPA concentration compared
with the concentrations measured under meropenem
therapy. After 8 or more days following meropenem
discontinuation, VPA plasma levels in all groups
were not different from VPA concentrations before
meropenem initiation. They were significantly higher
than the concentrations under meropenem treatment,
except in group 1, where after more than 14 days, a
4-fold numerical but statistically insignificant
increase in VPA concentration was observed. VPA
concentration in the 1000- to 2000-mg and 2000- to
3000-mg groups recovered within 8 to 14 days of
meropenem discontinuation.

Figure 5 compares plasma VPA concentration
during treatment and 1 to 7 days after discontinua-
tion of meropenem therapy in patients who received
daily doses of 3000 mg VPA or more. There are no
data on VPA plasma concentrations before mero-
penem initiation in this group, as no patient needed
such high doses to achieve therapeutic levels of
VPA. No difference was observed between the mean
plasma VPA concentration of 10.4 + 5.3 ug/mL
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Figure 3. Mean valproic acid (VPA) plasma concentrations
before (n = 36), during (n = 19), and at 3 periods after meropenem
(MER) treatment in patients receiving 1000 to 2000 mg VPA/d.
The 3 periods are 1 to 7 days after meropenem discontinuation
(post-MER) (n = 13), 8 to 14 days post-MER (n = 9), and more than
14 days post-MER (n = 12). The bars indicate the SEM. *P < .05.
**P < .01. ***P < .001. ns, no significant difference (P > .05). n,
number of VPA samples.
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Figure 4. Mean valproic acid (VPA) plasma concentrations
before (n = 10), during (n = 13), and at 3 periods after meropenem
(MER) treatment in patients receiving 2000 to 3000 mg VPA/d.
The 3 periods are 1 to 7 days after meropenem discontinuation
(post-MER) (n = 8), 8 to 14 days post-MER (n = 10), and more than
14 days post-MER (n = 7). The bars indicate the SEM. *P < .05. ns,
no significant difference (P > .05). n, number of VPA samples.

achieved by administration of these VPA daily doses
during meropenem therapy and 13.5 + 3.3 pg/mL
(P > .05) achieved within 1 to 7 days after discon-
tinuation of meropenem.

DRUG INTERACTIONS

Figure 5. Mean valproic acid (VPA) plasma concentrations dur-
ing (n = 6) and 1 to 7 days after (n = 4) meropenem (MER) treat-
ment in patients receiving > 3000 mg VPA/d. The bars indicate
the SEM. ns, no significant difference (P > .05). n, number of VPA
samples.

We calculated the percentage of decrease in trough
VPA concentration of individual patients following
meropenem addition. The mean decrease was 82.1%
* 2.7% (range, 70.1%-91.5%). Five patients had
VPA concentrations obtained within 24 hours of
meropenem initiation. The VPA plasma samples
were drawn 14.7 * 2.2 hours after the first mero-
penem dose. The mean VPA dose of these patients
was 1670 £ 220 mg, and the mean time these patients
received the same dose of VPA prior to meropenem
initiation was 4.6 + 2.1 days. Their mean VPA plasma
concentration was 9.9 + 3.2 ug/mL. The mean
decrease in VPA plasma concentration was 83.4% *
3.8% in patients receiving high-dose meropenem
for CNS infections and 81.0% + 4.8% in patients
receiving low-dose meropenem for non-CNS infec-
tions (P > .05).

Interaction Probability Evaluation

DIPS** was used to assess whether the decline of
VPA plasma concentration is, in fact, due to an inter-
action with meropenem. The VPA-meropenem inter-
action “event” was recorded in 32 patients. The
mean DIPS score for the interaction was 5.2, a value
that is defined as “probable.” Specifically, 1 patient
was categorized as “highly probable” (DIPS score of
9-10 points), 17 patients as “probable” (5-8 points),
and 14 patients as “possible” (2-4 points). No patient
received a “doubtful” (less than 2) DIPS score.
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DISCUSSION

The results show that regardless of the daily dose, a
meaningful decrease in trough VPA plasma con-
centration to subtherapeutic values occurred in all
our patients due to administration of meropenem.
The trough plasma concentration of VPA decreased
at least by 70% following initiation of meropenem
therapy. Increasing the daily dose of VPA to 3000 mg
or more while under treatment with meropenem or
1 to 7 days after meropenem discontinuation did not
raise the plasma concentration of VPA above 20 pg/
mL. Because the optimal target VPA plasma concen-
tration range is accepted to be 50 to 100 pg/mL,* we
suggest that even tight monitoring of plasma VPA
concentration throughout meropenem therapy, as
previously proposed,'* or even up to 7 days after its
discontinuation might not succeed in maintaining
therapeutic concentration of the drug.

Although one would have expected to have some-
what higher initial VPA concentrations in patients
on a higher VPA dose, in fact, only insignificant dif-
ferences between the different dose groups were
observed. It can be explained by the significant inter-
patient variability and a poor correlation between the
dose of VPA and its plasma concentration.?®*” Because
the dose of VPA is mainly guided by the plasma con-
centrations, we believe that similar initial VPA con-
centrations in the different dose groups were the
result of plasma concentration-targeted individual-
ization of the patient’s VPA dose.

Our results show that the onset of the interaction
is rapid, as a significant decrease of VPA to subthera-
peutic concentration was observed in all patients who
had VPA concentration recorded within 24 hours of
meropenem initiation. This result may suggest that
the increase in clearance of VPA by meropenem does
not involve enzyme induction but more probably
enzyme inhibition, as discussed earlier. Our results,
as well as previously published results, indicate
slow recovery of VPA concentrations after adminis-
tration of carbapenem antibiotics, which is longer
than kinetically dictated by the carbapenem half-life.
Although there are no in vitro data to support it, we
think that the inhibition of beta-glucuronidase by
meropenem is irreversible; therefore, recovery of
VPA plasma levels is dependent on the rate of the
enzyme turnover and not meropenem plasma half-
life. Enzyme induction by carbapenem, though pre-
viously proposed,”® does not seem to be a probable
mechanism in this interaction because the enzyme
induction process usually takes days to weeks to
occur.”® As meropenem increases the clearance of VPA
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and rapidly decreases its plasma concentration, we
suggest it might be of value in the management of
VPA overdose or toxicity, which is usually managed
by extracorporeal therapies such as hemodialysis
and hemoperfusion.

A retrospective study by Spriet et al** showed an
interaction between meropenem and VPA, leading to
a significant decrease in the plasma concentration of
VPA that recovered within an average of 8 days. The
results of our study similarly showed a decrease of
VPA plasma levels following meropenem administra-
tion, with recovery occurring 8 to 14 days after mero-
penem discontinuation. Moreover, we performed a
subgroup analysis of different VPA daily doses, which
showed that the decrease and the subsequent increase
in VPA plasma concentration followed similar behav-
ior in all dose groups. The patients in group 1 (VPA
dose <1000 mg/d) had a 4-fold numerical increase in
VPA concentration more than 14 days after mero-
penem discontinuation, but the difference did not
reach statistical significance, probably because of the
small sample size in this group. We also assessed
whether meropenem daily dose affected the decrease
in VPA plasma and found no difference between the
3000-mg/d and 6000-mg/d groups, indicating that the
decrease of VPA plasma concentration is significant
and not affected by the meropenem dose adminis-
tered. The pharmacokinetic interaction between VPA
and meropenem is significant and has a rapid onset.
As the therapeutic effect of VPA is considered con-
centration dependent, when meropenem treatment is
essential, we recommend substituting VPA with
another antiepileptic drug; otherwise, its therapeutic
effect may be compromised.

Financial disclosure: None declared.
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