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Concentrations: Their Relationship to
Seizure Control, Liver Enzymes and

Plasma Ammonia in Children
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ABSTRACT: The relationships between total and free serum valproate (VPA) concentrations and seizure control,
serum liver enzyme activity and plasma ammonia concentration were studied in 61 epileptic children. Enzyme-
immunoassay (EMIT)® methods gave higher values of total VPA concentration than gas-liquid chromatography
(GLC) methods. In over 80% of children with complete seizure control the ranges of total VPA concentration were
140-420 umol/L with GL.C methods and 210-560 umol/L with EMIT methods. The range of free VPA concentrations in
78% of children with complete seizure contro! was 8.8-26.4 umol/L.. Increased liver enzyme activity was observed in 6
of the 61 children and raised plasma ammonia concentration in 11 of 50 children. Plasma ammonia concentration was
related to total serum VPA but was not related to free serum VPA. Increased serum liver enzyme activity was related
to VPA dose per kg but not to free or total serum VPA concentration. Thus free VPA concentrations do not appear to
be more useful than total VPA concentrations in predicting seizure control and do not correlate with liver enzyme
activity or plasma ammonia concentration.

RESUME: Rapport entre la concentration sérique de valproate libre et total et le contréle des crises convulsives, le taux
des enzymes hépatiques et de I’ammoniaque plasmatique chez V’enfant. Nous avons étudié la relation entre la
concentration sérique de valproate (VPA) libre et total et le contrdle des crises convulsives, ’activité des enzymes
hépatiques du sérum et la concentration de I’ammoniaque dans le plasma, chez 61 enfants épileptiques. Les valeurs
obtenues pour la concentration totale de VPA étaient supérieures par la technique immuno-enzymatique (EMIT)®
que par la technique de chromatographie gaz-liquide (CGL). Chez plus de 80% des enfants dont les crises convulsives
étaient parfaitement contrdlées, 'intervalle de la concentration totale de VPA était de 140-420 umol/L avec la
technique de CGL, alors qu’il était de 210-360 umol/L avec la technique EMIT. Chez 78% des enfants dont les crises
convulsives étaient parfaitement contrdlées, 'intervalle pour la concentration de VPA libre était de 8.8-26.4 umol/L.
Nous avons observé une augmentation de I’activité des enzymes hépatiques chez 6 enfants parmi les 61 enfants
étudiés et une augmentation de la concentration plasmatique de I’'ammoniaque chez 11 enfants parmi les 50 étudiés.
La concentration plasmatique de I’'ammoniaque était en relation avec le VPA sérique total, mais n’était pas reliée au
VPA sérique libre. L’augmentation de I'activité des enzymes hépatiques dans le sérum était en relation avec la dose
de VPA par kg, mais n’était pas reliée a la concentration sérique de VPA libre ou totale. Donc, il ne semble pas que la
concentration de VPA libre soit plus utile que la concentration totale de VPA pour la prédiction du contréle des crises
convulsives et qu’il n’y a aucune corrélation avec I'activité des enzymes hépatiques ou la concentration plasmatique
de 'ammoniaque.
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The therapeutic range for total serum valproate (VPA) is
often reported as 350 to 700 umol/L."'? However, in some
patients seizures may be controlled at concentrations of 210
umol/L. while in others VPA concentrations in excess of 700
umol/L. are required.>* The relationship between side effects

and serum total VPA concentrations is even less well established.’
Thus, although raised liver enzyme activity has been reported
in 3-66% of patients on VPA and occurs more commonly at
higher VPA dosages,®’ liver enzyme activity does not corre-
late with total VPA concentration. Furthermore, although
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hyperammonemia has been reported in 53-73% of patients tak-
ing VPA %2 only two studies have shown a correlation between
plasma ammonia and total VPA concentration.'"?

Valproate is highly bound to plasma protein and the extent of
this binding is affected by a wide variety of endogenous and
exogenous factors.'>!'* Because only the unbound drug reaches
the brain, the clinical effect of VPA may correlate better with
the free rather than the total VPA concentration in the blood.
Thus, we determined the ranges of total VPA and free VPA
concentration in the serum of children in whom seizures were
controlled. In addition, we examined the relationship between
serum glutamic oxaloacetic transaminase (SGOT) and ammo-
nia with total and free valproate concentrations.

METHODS

The study population comprised 61 children receiving a non-
enteric coated formulation of VPA and 25 children who were
receiving a different anticonvulsant. Thirty of the children on
VPA were also receiving carbamazepine, phenytoin, ethosuxi-
mide, phenobarbital or acetazolamide. The children were 9
months to 18 years in age and were being seen regularly by a
neurologist in the Seizure Clinic. They had no known renal,
gastroenterological, hepatic or recent intercurrent illness and
their medication had not been changed in the previous two
weeks. A fasting blood sample was obtained before the morn-
ing dose and approximately 12 hours after the evening dose. All
patients receiving VPA had total VPA concentrations mea-
sured by enzyme immnoassay techniques (EMIT)R on the day
of sampling. In 50 patients, an aliquot was stored at — 18°C until
total and free VPA concentrations were measured within three
months by gas-liquid chromatography (GLC). "’ Plasma ammo-
nia was measured in 50 patients receiving VPA and in 25 patients
who were receiving a different anticonvulsant. Plasma samples
were centrifuged immediately and an aliquot frozen until the
ammonia level was measured within three days. '® Serum glutamic
oxaloacetic transaminase, BUN and creatinine were measured
in all patients by standard methods with an Abbott Bi-Chromatic
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Figure I — Serum total and free valproate concentration measured by gas-
liquid chromatography (GLC) and enzyme-immunoassay (EMIT) methods
in children whose seizures were controlled.
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Analyser. In addition, the GLC and EMITR methods for mea-
surement of total VPA were compared on 155 paired samples
from children and adults who were receiving VPA.

RESULTS

The free and total VPA concentrations in 27 children who
had been seizure-free for a period of at least six months are
displayed in figure 1. The seizure types in the patients whose
seizures were controlled included absence seizures (9), tonic-
clonic seizures (10), partial seizures (5), myoclonic seizures (3)
and atonic seizures (4).

There was good correlation between free and total serum
VPA concentrations (GLC assay) in patients on monotherapy
(r = 0.8068, p < 0.00001) and polytherapy (r = 0.8572, p <
0.00001). In 27 children on monotherapy there was correlation
between VPA dose/kg/day and both total VPA concentration
(GLC assay) (r = 0.4058, p < 0.04), and free VPA concentra-
tion (r = 0.4805, p = 0.008). However, in 15 children on
polytherapy there was no correlation between VPA dose/kg/day
and either total or free serum VPA concentrations. There was
good correlation between total VPA concentrations, measured
by the GLC method in the research laboratory (r = 0.8606, p <
0.0001). However, the EMIT method tended to produce higher
values. A similar trend was demonstrated in a further 155
samples which were measured by both methods in the research
laboratory (Table 1).

The children on VPA polytherapy but not those in VPA
monotherapy had a higher mean fasting plasma ammonia con-
centration than the control group (Table 2). Four patients on
monotherapy and 7 patients on polytherapy had plasma ammo-
nia concentrations above 40 umol/L, the upper limit of normal
in our laboratory. However, the highest concentration was
only 53 umol/L.. The plasma ammonia concentration correlated
with the total serum VPA concentration (r = 0.6606, p <
0.007). There was no correlation between plasma ammonia
concentration and serum free VPA concentration or VPA
dose/kg/day.

The mean SGOT activity was similar in patients on VPA
monotherapy, polytherapy, and controls (Table 2). Six of 61
children on VPA had an SGOT above 40 1U/L, the upper limit
of normal in our laboratory. The SGOT correlated with VPA

Table 1: Comparison of Gas Liquid Chromatography (GLC) and
Enzyme Immunoassay (EMIT) Methods Measuring Valproic

Acid
Monotherapy and
Polytherapy Monotherapy Polytherapy
Number of
Samples 155 70 85

Mean VPA con-
centration by
EMIT 398.24* 454.27 352.09

Mean VPA con-
centration by

GLC 348.26 399.06 306.43
Correlation (r) 0.947 0.934 0.956
Ratio of

EMIT:GLC 1.143 1.138 1.149

*Significantly greater than by GLC - p < 0.001 (Student’s t test)
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Table 2: Plasma Ammonia Concentration and SGOT Activity in Children Receiving Valproic Acid

PLASMA AMMONIA

SGOT LEVELS

(umol/L) (I.U./L)
Patient Mean (SD) Range Patient Mean (SD) Range
Valproate Monotherapy 31 30.2 9.3) 12-52 35 25.4 9.4) 7-43
Valproate Polytherapy 19 34.9* 9.0) 22-53 26 25.8 (10.1) 14-61
Other Monotherapy 25 29.8 (10.8) 6-53 23 23.2 (6.4) 9-38

*P < 0.05 compared with other monotherapy (Student’s t test)

dose/kg/day (r = 0.4677, p < 0.0001) but not with total or free
serum VPA concentration.

DISCUSSION

The therapeutic range for VPA has been reported as 350-700
umol/L."* However, 21 of 24 seizure-free children in this
study had total serum VPA concentrations between 140-420
umol/L using GLC methods. When EMIT methods were used,
22 of 27 seizure-free children had total free VPA concentrations
between 210-560 umol/L. There have been previous reports of
seizure control in children with VPA concentrations below the
accepted therapeutic range. Thus Klotz® observed that approxi-
mately 50% of children with seizure control had total VPA con-
centrations less than 420 umol/L (GLC). Similarly Henrickson'’
reported seizure control in some children with VPA concentra-
tions less than 315 umol/L.. Because cognitive function is more
impaired at higher serum concentrations of VPA,'? it is impor-
tant that the lowest effective dose of VPA be used. Thus we
would recommend that the clinical response to a serum VPA
concentration of 200 umol/L be determined and that the VPA
dosage be increased only if seizures persist.

There are several possible explanations why total VPA con-
centrations were below the reported therapeutic range in many
of our children whose seizures were controlled. First, the age of
our patients may have been a factor. The types of seizure,
underlying aetiology and metabolism of drugs may differ between
children and adults.!® Thus the ‘‘therapeutic’’ ranges for
antiepileptic drugs may be different in these two age groups. A
second possibility may be that some of our patients had *‘outgrown
their epilepsy’’. Because only two patients had been seizure-
free for greater than three years this is unlikely to be a major
factor. Finally, the serum VPA concentration which is neces-
sary to prevent seizures may depend on the severity of the
seizure disorder. Thus, the anticonvulsant concentration required
to suppress seizure activity in experimental animals has been
shown to be dependent on the intensity of the focus or severity
of the seizure process.”® Furthermore, in a study of epileptic
patients whose seizures were controlled, those with lower plasma
drug concentrations tended to have clinical features usually
associated with a better seizure prognosis than those with
higher drug concentrations.2' However, 18 of 27 seizure-free
children in the present study received VPA only after their
seizures had not been controlled with other antiepileptic drugs.

Our observation that the EMIT method gives higher values
of total valproate concentration than the GLC method has been
reported previously®? and underscores the importance of com-
paring only those VPA measurements obtained by the same
analytical method. The higher values measured by EMIT tech-
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niques may be explained on the basis of cross reactivity with a
metabolite as has been reported with carbamazepine.?

VPA is highly bound to plasma protein and its free fraction
fluctuates markedly.? Changes in the free fraction of a drug may
have a much greater influence on the total rather than free drug
concentration.?* Thus free rather than total VPA concentration
may be expected to correlate better with clinical response.?*%
Seventy-eight percent of the seizure-free children in our study
had free VPA concentrations between 8.8 and 26.4 umol/L.
However, the range in free VPA concentrations in all children
with complete seizure control was 4.9 t0 96.5 umol/L. This was
proportionately greater than the range in total VPA concentra-
tions. Thus free VPA concentration does not appear to be more
useful than total VPA concentration in determining the dosage
required to achieve seizure control.

The mean plasma ammonia concentrations in this study were
similar in children on VPA monotherapy and other anticonvul-
sant monotherapy. These data support a previous study in
which all 38 patients receiving VPA monotherapy had normal
ammonia concentrations'? and emphasize the advantage of using
VPA as monotherapy. Although patients receiving VPA
polytherapy had a higher mean ammonia concentration, the
highest ammonia concentration was only 53 umol/L. The lower
incidence of hyperammonemia in this study may relate to the
timing of the blood specimen. In other studies, blood was
drawn in the nonfasting state and after the morning dose. Both
of these factors may influence plasma ammonia levels, particu-
larly when ammonia metabolism is compromised.?®?’ Thus it
is now our practice to measure plasma ammonia only in those
patients receiving VPA who have behavioural symptoms and to
obtain the blood specimen two to three hours following the
morning dose.

Our observation that fasting plasma ammonia concentration
correlated with total VPA concentration is similar to two previ-
ous studies.!"'? However, we found no correlation between
plasma ammonia concentration and free VPA concentration.

The SGOT activity was increased in six of 61 children tested.
Fourofthe six were either drowsy or were too mentally retarded
to allow assessment of their higher mental function. The two
asymptomatic patients had raised SGOT activities of 41 and 43
IU/L respectively. Thus significant elevation of SGOT activity
was not observed in any child who did not have evidence of
cognitive dysfunction. The practice of measuring SGOT activ-
ity routinely in asymptomatic patients receiving VPA appears
to be of little value.?® Although patients with dose-related eleva-
tion of liver enzymes are identified, routine monitoring does
not predict those very rare patients who have life-threatening
hepatotoxicity. A more practical approach to the problem of
serious hepatotoxicity might be to a) avoid using VPA where

Serum Valproate Concentrations — Farrell et al
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there is a family history of a severe reaction to VPA, b) use the
drug with extreme caution in patients who have a neurometabolic
disease or progressive myoclonic epilepsy c¢) stop the drug and
assess the patient immediately if there are unexplained signs of
lethargy, vomiting or general deterioration.?®

The SGOT activities correlated highly with the VPA dose per
kg but did not correlate with either the free or total VPA
concentrations. The failure to demonstrate a correlation between
VPA concentration and SGOT activity may be due to the
infrequency of raised SGOT activities in our series. An alterna-
tive explanation for our findings might be that a VPA metabo-
lite is responsible for the effect on SGOT activity. A marked
elevation of some of the unsaturated VPA metabolites has
been demonstrated in a patient receiving VPA who died with
acute liver failure.?® The strong correlation between SGOT
activity and VPA dose per kg in our patients would also support
the hypothesis that a VPA metabolite might be responsible for
the increased SGOT activity.

This study shows that most children with seizure control had
total VPA concentrations between 210-560 umol/L and sug-
gests that the lower end of the therapeutic range in this age
group should be 210 umol/L rather than 350 umol/L. The free
VPA concentrations in children with seizure control ranged
between 7-28 umol/L. Thus free VPA concentrations did not
appear to be more helpful than total VPA concentrations in
relation to seizure control. In addition, free VPA concentra-
tions did not correlate with SGOT activity or plasma ammonia
concentration. Thus measurement of serum free VPA concen-
trations appears to be of little value except, perhaps, in situa-
tions where the protein binding of VPA might be altered.
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