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Monitoring of 4-
Hydroxybutyric Acid Levels
in Body Fluids during
Vigabatrin Treatment in
Succinic Semialdehyde
Dehydrogenase Deficiency
Katrin Ergezinger, MD,1 Reinhard Jeschke, MD,1

Georg Frauendienst-Egger, MD,2 Herbert Korall, PhD,3

K. Michael Gibson, PhD,4 and Volker H. Schuster, MD5

We report the successful treatment using low-dose viga-
batrin (21.5–34mg/kg/day) of a 10-year-old girl with suc-
cinic semialdehyde dehydrogenase (SSADH) deficiency
We verified that 4-hydroxybutyric acid (GHB) concentra-
tions in serum, cerebrospinal fluid, and urine continu-
ously decreased in parallel with significant clinical im-
provement. Our results suggest that GHB quantification
in physiological fluids may be a useful laboratory param-
eter for monitoring efficacy of vigabatrin treatment in
SSADH deficiency.

Ann Neurol 2003;54:686–689

Succinic semialdehyde dehydrogenase (SSADH) defi-
ciency (alternative titles: 4-hydroxybutyric aciduria,
�-hydroxybutyric aciduria [McKusick 271980]) is a de-
fect in the degradative pathway of the inhibitory neu-
rotransmitter �-aminobutyric acid (GABA) that results
in the organic aciduria 4-hydroxybutyric aciduria (see
Fig).1 The enzyme deficiency causes an increase of the
neurotransmitter GABA and significant accumulation
of 4-hydroxybutyric acid (GHB) in physiological fluids,
presumably through the NAD(P)H-linked reduction of
succinic semialdehyde by GHB dehydrogenases.2 These
observations suggest that two neuropharmacologically
active compounds accumulate in SSADH deficiency.

Since the first report in 1981,3 more than 150 pa-
tients with SSADH deficiency have been identified,
with considerable variability in phenotype, ranging
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from mild retardation in mental, motor, and language
development to more severe neurological defects asso-
ciated with hypotonia, ataxia, and seizures.4

SSADH deficiency is inherited in an autosomal re-
cessive fashion.4–6 Recent evidence, most notably stud-
ies in a mouse model of this disease,5,7 indicates that
accumulation of GHB significantly contributes to the
pathogenesis of SSADH deficiency.

Here, we report the monitoring of GHB in various
body fluids in a 10-year-old girl with SSADH defi-
ciency who was successfully treated with vigabatrin.

Case Report
The female patient initially presented at age 4 years for
evaluation. Motor development had been within refer-
ence range, but she suffered from severe restlessness,
irritability, hyperactivity, lack of concentration and hy-
persensitivity to noises. At age 4 years 10 months, or-
ganic acid analysis showed 4-hydroxybutyric aciduria
(Table). Free carnitine and acylcarnitines and other
chemistries in serum had been normal on numerous
occasions (data not shown). Cranial magnetic reso-
nance tomography at age 5 years was normal.

SSADH activity was undetectable in the patient’s
lymphocytes, confirming the diagnosis of SSADH de-
ficiency. Control SSADH enzyme activity (pmol/
min/mg protein) was 173 to 453pmol/min/mg protein
(mean, 260 � 113pmol/min/mg protein, �1 standard
deviation [SD]). For the parents, SSADH activity
(mother, 14; father, 58) was approximately 2 SD below
the mean, consistent with heterozygosity for both.

Results
With vigabatrin treatment, the severe hyperactivity,
restlessness, and behavioral problems continuously im-
proved. Also, the hypersensitivity to noises decreased.
Developmental evaluation after 30 months of therapy
showed a mental delay of 3 years. Articulation was
markedly improved but speech development was still

delayed. Electroencephalogram (EEG) under vigabatrin
treatment was normal for age; regular controls of blood
cell counts and blood chemistries showed no abnor-
malities. At age 9 years 3 months, the girl exhibited a
single tonic-clonic seizure, which spontaneously ceased
after 2 minutes. Thereafter, vigabatrin dose was in-
creased to 2 � 500mg per day, that is, 33.6mg/kg per
day. No further seizures occurred after this time. An
EEG control at age 9 years 4 months showed irregular
sharp waves over both hemispheres upon photic stim-
ulation.

Until last evaluation at 10 years of age (after 57
months of therapy), there has been further improve-
ment in developmental delay, and no side effects of
therapy were seen. Clinical evaluation at age 10 years
showed that the girl had the developmental age of 7
years for perception, fine-motor activity, social behav-
ior, and language comprehension. The patient also had
symmetric ataxia with dysmetria. No tremor was
present, and deep-tendon reflexes were normal. Re-
peated ophthalmological controls under vigabatrin
therapy have been normal thus far.

Initially, GHB concentrations, measured by routine
gas chromatography mass spectrometry, were markedly
increased in urine (203–398mmol/mol creatinine; nor-
mal, �9.5), serum (264�mol/L; normal, �7.6), and
cerebrospinal fluid (CSF; 594�mol/L; normal, �2.6;
see Table). Vigabatrin treatment with 400mg per day
(23.5mg/kg per day) was initiated at age 5 years 1
month. A significant decrease of GHB in serum was
already noted after 2 months of therapy. Vigabatrin
treatment was gradually increased to 600mg per day
(28mg/kg per day) after 14 months of therapy and
800mg per day (31.5mg/kg per day) after 24 months
of therapy because of slightly increasing values for
GHB in serum. As a result, 30 months after initiation
of treatment (at age 7 years 7 months), GHB was at its
lowest level in serum with 8.6�mol/L, urine with

Table. Laboratory Findings over 57 mo in a 10-yr-old Girl with SSADH Deficiency during Treatment with
�-Vinyl GABA (Vigabatrin)

Age (yr) 4 10⁄12 5 1⁄12 5 3⁄12 5 9⁄12 6 3⁄12 6 8⁄12 7 4⁄12 7 7⁄12 9 9 4⁄12 10
Vigabatrin

(mg/day)
None None 2 � 200 2 � 200 2 � 200 2 � 300 2 � 300 2 � 400 2 � 400 2 � 500 2 � 500

Months of
therapy

2 8 14 19 27 30 47 51 57

4-OH-butyric
acid

CSF (normal
�2.6�mol/L)

n.d. 594 n.d. 45 n.d. n.d. n.d. 17 n.d. 267 n.d.

Serum (normal
�7.6�mol/L)

264 53 19 47 19 64 8.6 210 133 245

Urine (normal
�9.5mmol/mol
creatinine)

398 203 170 186 71 173 136 42 547 194 n.d.

SSADH � succinic semialdehyde dehydrogenase; CSF � cerebrospinal fluid; n.d. � not determined.

Ergezinger et al: Treatment of SSADH Deficiency 687



42mmol/mol creatinine, and CSF with 17�mol/L.
GHB measurement at 51 months after initiation of
treatment (at age 9 years 4 months) was 133�mol/L in
serum, 267�mol/L in CSF, and 194mmol/mol creati-
nine in urine, suggesting that increasing the vigabatrin
dose at age 9 years 3 months led to a prompt decrease
of GHB in serum and urine within 1 month. The high
GHB concentration in CSF might indicate that de-
crease in GHB levels was delayed. Furthermore, a signif-
icant increased amount of homocarnosine (32.1�mol/L;
normal, 2.5–10) and of homovanillic acid (870nmol/L;
normal, 488–664) was found in CSF after 8 months of
vigabatrin therapy. The elevation of homovanillic acid
indicates an activated dopaminergic system, as has been
seen also in other SSADH-deficient patients,8 whereas
elevated homocarnosin can be interpreted as GABA res-
ervoir under vigabatrin therapy.

Discussion
The clinical phenotype of SSADH deficiency varies
from mild to severe and is nonspecific in presentation.5

Most patients exhibit some degree of neurological def-
icit, although speech delay, hypotonia, ataxia, and sei-
zures vary from patient to patient, even within the
same family.

Mice deficient in SSADH (Aldh5a1�/� mice) dis-
play ataxia and develop generalized seizures leading to
rapid death.7

In general, no correlation between either GHB levels
or residual SSADH activity and severity of clinical
symptoms in affected patients can be demonstrated.9

Likewise, there has been no correlation between geno-
type and phenotype during preliminary molecular ge-
netic analyses.10

Once SSADH deficiency is diagnosed on the basis of
organic acid profiling, a common treatment attempt is
antiepileptic vigabatrin (�-vinyl GABA; Sabril).11,12

Pharmacologically, the mode of action is an irreversible
inhibition of GABA transaminase, leading to accumu-
lation of free and total GABA in the brain (Fig). The
clinical benefit in this disorder is based on a decrease in
CSF concentration of succinic semialadehyde and
GHB, the latter presumably being the pathophysiolog-
ical agent in SSADH deficiency.7 The results of this
therapy have been encouraging in some patients and of
little value in others. Patients for whom vigabatrin has
shown clinical efficacy had improvement in ataxia
(when present), increased alertness, improved attention
span, and better manageability. Other patients had no
improvement in clinical signs.13 The variability of ther-
apeutic efficacy may reflect heterogeneity at the genetic
or enzymic level. It also was suggested that vigabatrin
has limited use in SSADH deficiency because of differ-
ential effects on organ-specific GABA transaminases.14

It was postulated that, although vigabatrin may inhibit
brain GABA transaminase effectively, limited inhibi-
tion of peripheral organ GABA transaminases could
lead to resupply of GHB across the blood–brain bar-
rier. In addition, the literature shows that different
forms of GABA transaminase may exist in brain and
peripheral organs, and that there may be differential pro-
teolytic cleavage of GABA transaminase in liver.15,16

Fig. GABA degradative pathway. Site of the defect in patients with succinic semialdehyde dehydrogenase (SSADH) deficiency (cross-
hatched arrow).
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In at least two patients with SSADH deficiency, it
was shown recently that high doses of vigabatrin (up to
100mg/kg per day) might be associated with induction
of seizures and EEG abnormalities.11,17 In one of these
patients, a lower vigabatrin dose (25mg/kg/day) was
beneficial and without side effects.17

In the female patient reported here, low-dose (ie,
21.5–34mg/kg per day) vigabatrin treatment led to a
continuous improvement in alertness, improved atten-
tion span, and better manageability. Side effects (eye,
blood chemistry) were not observed, and EEG was
normal several times except for one control at age 9
years 4 months after a single seizure. In parallel, GHB
levels in CSF, serum, and urine decreased 3–10-fold.
From these findings, it seems worthwhile to monitor
vigabatrin treatment of patients with SSADH defi-
ciency not only by clinical assessment but also by re-
peated controls of GHB in urine and/or serum and
eventually also CSF.

It remains to be elucidated whether “nonresponders”
may exhibit a similar or a different intraindividual ki-
netics of GHB levels in body fluids during vigabatrin
treatment when compared with the reported patient.

Taking into account that vigabatrin is beneficial in
only one third of patients,9 one can conclude that
there is an obvious need for better therapeutic agents
for treatment of SSADH-deficient patients. In those
patients with clinical response to vigabatrin, vigabatrin
therapy leads to decreasing concentrations of GHB in
body fluids, which are, however, still 7 to 20 (CSF)
times higher than values from healthy con-
trols.3,5,12,13,14,17,18

Another therapeutic approach in SSADH deficiency
is lamotrigine (Lamictal), the pharmacological effect of
which is to inhibit the release of excitatory amino ac-
ids, and especially the major GABA precursor gluta-
mate. Lamotrigine has been used successfully in one
patient with SSADH deficiency, in whom vigabatrin
administration eventually led to seizures.5

In SSADH-deficient mice (Aldh5a1�/� mice), inter-
vention with vigabatrin or a GABAB receptor antagonist
(CGP35348) similarly prevented seizures and enhanced
survival.7 Furthermore, administration of taurine, which
derives from the metabolim of cysteine, also led to an
increased survival rate of Aldh5a1�/� mice.7

From these data, it seems to be worthwhile to inves-
tigate whether treatment with taurine or a GABAB re-
ceptor antagonist, eventually in combination with viga-
batrin or lamotrigine, may improve clinical outcome in
patients with SSADH deficiency.
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