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ABSTRACT – We report 4 pyridoxine-dependent epilepsy patients in which
good outcome was determined in three. The 4 patients were male and aged
from 7 to 24 years old (from three unrelated Caucasian families). A clini-
cal diagnosis of neonatal pyridoxine-dependent epilepsy was confirmed by
biochemical and genetic studies. Clinical evaluation was performed and
medical records were reviewed for therapy implementation and manage-
ment, neurodevelopment outcome, magnetic resonance imaging, and
electroencephalography. All were taking pyridoxine treatment and were
seizure-free. Elevated urinary alpha-aminoadipic semialdehyde excretion
was found in all patients. Antiquitin gene analysis identified a large homo-
zygous deletion in one patient and two heterozygous mutations in the
others. Treatment with pyridoxine should be attempted for all cases of infan-
tile and childhood refractory epilepsy, as has been the case over the last
20 years. Currently, urinary alpha-aminoadipic semialdehyde is a reliable
d
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biomarker of pyridoxine-dependent epilepsy, even under pyridoxine
treatment. Detection of mutations in the antiquitin gene, encoding alpha-
aminoadipic semialdehyde dehydrogenase, establishes the diagnosis and
allows for adequate genetic counselling.
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yridoxine-dependent epilepsy (PDE) (MIM#266100)
s a rare autosomal recessive disorder that usually
resents with neonatal intractable seizures. Its pre-
alence is around 1/400,000 children, but is proba-
ly underestimated (Been et al., 2005). It was first
escribed by Hunt in 1954 as a severe infantile seizure
isorder which responded radically to pyridoxine

reatment (Hunt et al., 1954).
he classic presentation of PDE is during the neonatal
eriod (first 48 hours of life) with polymorphic seizures

frequent and brief) that may exhibit individual
ariability. Several additional symptoms/features have
een described, including abnormal foetal move-
ents, signs of birth asphyxia, and other systemic
anifestations such as hyperalertness, irritability, and

remulousness and abnormal cry, and a misdiagnosis
f hypoxic-ischaemic encephalopathy may be made

Baxter, 2001; Mills et al., 2010).
eizures are typically refractory to common antiepilep-
ic drugs (AEDs) and are usually controlled with
harmacological doses of pyridoxine.
he atypical presentation (in about a third of PDE
ases) can occur later, up to 2 years old. In these cases,
eizures may initially respond to AEDs but become
ater intractable, or may not respond to pyridoxine
arly in life but become controlled by pyridoxine
onths later; prolonged seizure-free intervals may

ccur even after pyridoxine discontinuation (Baxter,
001; Stockler et al., 2011).
he EEG pattern is not specific. It may vary and include
ormal to high-voltage delta activity, focal spike-wave
ischarges, burst suppression patterns, and, rarely,
ypsarrhythmia, with no pathognomonic features, it
ay also be normal (Nabbout et al., 1999; Nassan et al.,

009; Schmitt et al., 2010). Most patients are described
s having mild development delay, with difficulties in
xpressive language.
he most frequent cause of PDE is alpha-aminoadipic
emialdehyde dehydrogenase (ALDH7A1) deficiency
ue to mutations in the ALDH7A1/antiquitin (ATQ)
ene. ALDH7A1 plays a role in cerebral lysine
atabolism through the pipecolic acid pathway. Its
eficiency causes �-AASA and �1-piperideine-6-
arboxylate (P6C) accumulation. This interferes with
yridoxal phosphate (PLP) activation in the brain,
s P6C undergoes chemical condensation with PLP
esulting in its deficiency. Pyridoxine intake compen-
ates the loss of PLP, but does not correct the primary
eficiency, as demonstrated by the persistent excre-
pileptic Disord, Vol. 15, No. 4, December 2013

ion of metabolites in urine (Stockler et al., 2011).
he accumulated alpha-aminoadipic semialdehyde
�-AASA) has become a biomarker for PDE (Mills et
l., 2006).
DE diagnosis has classically relied on clinical
esponse to pyridoxine and the recurrence of seizures
pon pyridoxine discontinuation. The recent availabi-
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m
u
g
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Outcome of PDE

ity of biomarkers for ALDH7A1 deficiency, along with
enetic studies, allows for confirmation of diagnosis,
ven under pyridoxine treatment.
he purpose of this report was to present a series of
atients with typical neonatal PDE, whose diagnosis
as confirmed by biochemical and genetic analysis,

nd discuss long-term epileptic and cognitive data,
hich was favourable in three patients. All patients are
resently taking pyridoxine treatment and are seizure-

ree.

atients and methods

he 4 patients were male, aged 7 to 24 years
ld, and from three unrelated Caucasian families.
heir medical records were reviewed for therapy

mplementation and management, neurodevelop-
ent outcome, magnetic resonance imaging, and

lectroencephalography. Clinical re-evaluation and
eurocognitive assessment with the Wechsler Intel-

igence Scale for Children (third edition, WISC-III)
nd Wechsler Adult Intelligence Scale (third edition,
AIS-III), both adapted for the Portuguese population,
ere performed for the younger and older patients,

espectively. Urinary alpha-aminoadipic semialdehyde
xcretion was measured and antiquitin gene molecu-

ar analysis performed in all patients. Informed consent
as obtained.

ase studies

atient 1

male (DOB 21.10.1988) was born to non-
onsanguineous parents, with normal birth
arameters. Abnormal foetal movements during

he last weeks of gestation were recorded. Epileptic
pasms began during the first 12 hours of life, respond-
ng to phenobarbital and pyridoxine (100 mg, IV). The
EG at 1 month of age showed slow basal rhythm
nd all drugs were suspended. At 3 and 4 months of
ge, a few tremors were noted and after the seventh
onth there was a resumption of seizures of various

ypes (tonic, tonic-clonic, and atonic), associated with
ever leading to ICU admission. The EEG revealed
low basal rhythm. He maintained sporadic seizures,
hich at 10 months of age progressively increased

n frequency, leading to status epilepticus which
401

rompted a second admission to the ICU. Seizures
topped with AEDs (phenobarbital and phenytoin)
lus pyridoxine (100 mg, IV). The EEG pattern nor-
alised and psychomotor development improved

nder valproic acid and pyridoxine. Brain CT showed
eneral atrophy with hypoplasia of corpus callosum.
fter 12 months, under only pyridoxine (80 mg/day,
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O), no more seizures were recognised, EEGs showed
ormal pattern, and psychomotor development was
dequate. A pyridoxine dose was gradually increased,
rom 100 mg/day PO at 3 years old to 600 mg/day PO
t present, and he continues to remain seizure-free.
rinary �-AASA levels were elevated and sequence

nalysis of ALDH7A1 gene revealed two pathogenic
utations. Parental studies confirmed compound

eterozygous status (table 1). Recent neuropsycho-
ogical evaluation with WAIS-III, at age 24, revealed
ormal cognitive development, with a Full Scale IQ of
07, a verbal IQ of 109, and a performance IQ of 103.
e attends college for economics.

atient 2

male (DOB 31.01.1989) was born to unrelated parents,
ith normal birth parameters. The mother noticed
nusual intrauterine movements in the third trimester.
e started with myoclonic seizures in the first hour
f life, which responded to phenobarbital and pyri-
oxine (100 mg, IV) treatment. At Day 12, drugs were
uspended. At 7 months, myoclonic seizures relapsed
nd pyridoxine was reintroduced at 80 mg/day PO. The
EG at 3, 7, and 12 months revealed slow basal rhythm
ith no paroxysmal activity. He had expressive lan-
uage problems. At age 4, after a seizure-free period,
eizures relapsed during fever episodes and pyri-
oxine was increased from 150 mg/day PO to
00 mg/day PO. Interictal EEG showed bifrontal paro-
ysmal activity. Since he still had frequent fits without
lonic movements, pyridoxine (600 mg/day PO) and
arbamazepine (600 mg/day PO) were administered.
eizure frequency was reduced to 1-2/year. Cerebral
RI showed thinning of the posterior part of the

orpus callosum. Since the age of 11, he has been
ree of seizures, with normal EEG. Until 19 years of
ge, he was under pyridoxine (600 mg/day PO) and
arbamazepine (600 mg/day PO). Currently, he is on
yridoxine, 600 mg/day PO, and is seizure-free.
rinary �-AASA levels were elevated and genetic

nalysis of ALDH7A1 gene showed that exons 17
nd 18 could not be amplified by PCR, indicating a
arge homozygous deletion comprising these exons
table 1). Recent neuropsychological evaluation with

AIS-III, at age 24, revealed low-average cognitive
evelopment, with a Full Scale IQ of 85, a verbal IQ
f 92, and a performance IQ of 78. He is attending law
ollege.
pileptic Disord, Vol. 15, No. 4, December 2013

atients 3 and 4

wo male brothers were born to non-consanguineous
arents, after uneventful pregnancy and delivery.
atient 3 (DOB 17.04.2004) started to have seizures
tonic-clonic seizures) at Day 8 of life which responded

D

T
t
s
D

Outcome of PDE

o phenobarbital. Ventilation support was needed. At
he end of the neonatal period (Day 28), phenobarbital
as stopped. The EEG showed a slow basal rhythm with

eft paroxysmal activity. Brain MRI was performed with-
ut any evidence of anomaly. After six months, seizures
eappeared during fever episodes and the patient
as treated with valproic acid (EEG revealed cen-

rotemporal paroxysms with a normal base rhythm).
e was readmitted twice to ICU at age 13 and 15
onths in status epilepticus, again after a febrile event.

EG at 13 months revealed a global slowing-down
ith encephalopatic characteristics. Since there was
o response to AEDs (phenobarbital, topiramate, and

evetiracetam), trials with pyridoxine at 100 mg IV and
00 mg IV, were proposed, respectively (figure 1), with
emission of symptoms with the latter. Subsequent
rain MRI was performed with no abnormal findings.
e was discharged with pyridoxine (100 mg/day PO)

nd progressive withdrawal of AEDs. Before 3 years of
ge, he was admitted to the emergency unit a few more
imes with seizures during febrile episodes. Since
hen, he has been receiving pyridoxine monotherapy
100 mg/day PO). Currently, at 8 years old, he is free of
eizures; he attends school in third grade and is part
f a special education program. Recent neuropsycho-

ogical evaluation using the WISC-III, at age 8, revealed
oderately delayed cognitive development with a Full

cale IQ of 62, a verbal IQ of 73, and a performance IQ
f 59 (the other composite scores were: verbal Com-
rehension index: 76; Perceptual Reasoning Index: 58;
nd Processing Speed Index: 74).
atient 4 (DOB 09.09.2005) presented with myoclonic
eneralised seizures at Day 6 of life. He was imme-
iately given pyridoxine (150 mg IV) because of the

amily history and seizures promptly ended. He was
ischarged under pyridoxine (100 mg/day PO), which
e continues to take. Currently, at age 7, he is seizure-

ree, has a normal cognitive outcome, and attends
ormal school. The neuropsychological assessment,
valuated using the WISC-III, showed a Full Scale IQ
f 109, a verbal IQ of 113, and a performance IQ of 102

the other composite scores were: verbal Comprehen-
ion index: 111; Perceptual Reasoning Index: 103; and
rocessing Speed Index: 106).
he urinary �-AASA level of both patients was elevated
nd genetic analysis of the ALDH7A1 gene identified
wo pathogenic mutations. Parental studies confirmed
ompound heterozygous status (table 1).
403

iscussion

hese four cases presented with symptoms during
he early neonatal period (Days 1-8). For all, diagno-
is was based on response to pyridoxine treatment.
iagnosis was later confirmed by elevated urinary
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igure 1. EEG of Patient 3.
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) at 13 months, before pyridoxine trial, showing bilateral slow-wave a
yridoxine, showing a well-structured pattern.

-AASA and the presence of mutations/deletions in the
LDH7A1 gene1. As previously explained, ALDH7A1
eficiency results in �-AASA and P6C accumulation
hich interfere with cerebral lysine catabolism due to
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he convergence of its metabolic pathways: the sac-
haropine and pipecolic acid pathways. In the latter,
he pipecolic acid (PA) is believed to accumulate
ue to backpressure from the enzymatic block and
ome authors also speculate that accumulating P6C
an be converted to PA via �1-pyrroline-5-carboxylate
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eductase. PA acts as a modulator of GABA and its
ccumulation is believed to contribute to seizure
athophysiology. Nevertheless, its impact on brain
ysfunction requires further elucidation (Stockler
t al., 2011).
t has been suggested that early onset of clinical
eizures and delay in diagnosis and pyridoxine treat-
ent is associated with a poor prognosis with regards

o cognitive function (Baxter, 2001; Bok et al., 2012).
ntellectual disability, mostly regarding expressive lan-
uage, is a common feature in individuals with PDE,
ut there are reports of normal intellectual function

Basura et al., 2009). The language expression disorder
n Patient 2 was minor and improved with speech the-
apy, and his outcome was favourable. Furthermore,
is cognitive evaluation revealed a lower score for ver-
al IQ. Patients 1 and 3 had severe clinical presentation,
lthough Patient 1 had good neuro-developmental
utcome. For Patient 4, the knowledge of family history
as of benefit; he began pyridoxine therapy earlier and
ad a good outcome. Such an outcome is unusually
eported (Bok et al., 2012; Gospe, 2012). Patient 3 had
he worse outcome, with moderate intellectual disabi-
ity. Such a poor outcome probably results from a more
erious and severe clinical situation, a later diagnosis,
nd thus implementation of pyridoxine therapy.
or Patients 1 and 2, a good outcome was probably
ue to higher doses of pyridoxine given, compared to
ther studies (Bok et al., 2012). As for Patient 4, good
utcome was probably related to an earlier initiation
f therapy and less episodes of seizure.
egarding verbal and performance IQ data, the
ajority of patients reported in the literature had a

erformance IQ which was higher than verbal IQ.
owever, in all our four patients, as well as some

eported in the study of Bok et al. (2012), verbal IQ
as higher than performance IQ. We cannot explain

uch findings.
s previously reported, and as observed in our
atients, seizure morphology may vary, from generalis-
d, partial, tonic-clonic, atonic, myoclonic, and spasms
o status epilepticus, even in the same patient (Baxter,
001). EEG patterns are non-specific and do not always
ormalise with pyridoxine treatment (Nabbout et al.,
999).
atients 1 and 2, who had intrauterine seizures, exhibit-
d the earliest postnatal manifestations. First seizures
ere dissimilar except for the two brothers, Patients
and 3, who presented with partial status epilepticus
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nd both had more severe and diverse fits.
imilar to other reports, brain images of our patients
evealed different patterns, from general atrophy plus
ypoplasia of corpus callosum (Patients 1 and 2) to nor-
al brain (Patient 3) (table 1). These differences did not

eflect neurocognitive outcome, as Patient 3 demon-
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Outcome of PDE

trated developmental delay and his brain MRI did not
how any anomaly.
s was the case in our patients, and according to
ther reports, the time interval between withdrawal
f pyridoxine and recurrence of seizures is variable
nd exacerbation of seizures and/or encephalopathy
uring a febrile illness is frequent. In such circum-
tances, the dose of pyridoxine may be doubled for
everal days until the acute illness resolves (Stockler
t al., 2011), as was performed for Patient 3.
here are around 64 different reported mutations
ssociated with ATQ deficiency which comprise mis-
ense, splice site, and nonsense mutations as well
s insertions and single base deletions (Mills et al.,
010). Compound heterozygous status, as we found
n Patients 1, 3 and 4, is frequent. The missense

utation c.505C>T, p.(Pro169Ser) and the small dele-
ion, c.1217_1218delAT, p.(Tyr406CysfsX3), were first
escribed in three patients with PDE by Mills et al.

2010), and Scharer et al. (2010). The deletion found
n Patient 2 has not previously been reported; this was

large deletion and due to its homozygous nature,
s highly suspected to be pathogenic, however the
ignificance of the mutation is still under investiga-
ion. Genotype-phenotype correlations have not been
stablished, although such correlations have been sug-
ested (Mills et al., 2010; Scharer et al., 2010).
s this is an autosomal recessive disorder, biochemical
nd molecular confirmation of diagnosis provides an
ption for first-time expectant parents to choose to
egin therapy with pyridoxine for the neonate at risk,
r even during the prenatal period, as early as possible,
uring which time biochemical analyses are underway.
or several years, treatment with pyridoxine has been
ased on empirical evidence, and whether or not PDE
atients should be treated for life is still under discus-
ion. For Patient 1 and Patient 2, the confirmation of
iagnosis, based on objective data such as biochemi-
al and genetic studies, was only possible in adulthood,
ustifying lifelong pyridoxine maintenance, based on
ersistent “biochemical disease”.
DE requires lifelong pharmacological doses of pyri-
oxine but the optimal dose has not yet been well
efined. It is accepted, for most patients, that mainte-
ance doses should be between 15 and 30 mg/kg/day
O in children or up to 200 mg/day in neonates,
nd 500 mg/day in adult patients (Stockler et al.,
011). In our patients, therapy was individually tai-
ored according to age, weight, clinical situation, and
405

amily history, as can be inferred from the clini-
al descriptions above. Maintenance dosage varied
etween 80 mg/day and 150 mg/day in infancy (10-
5 mg/kg/day) and 80 mg/day and 600 mg/day PO in
dulthood. Most probably, a lower dose may have been
ufficient for our adult patients, since the increase
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as empirically determined based on age, and not
n symptoms. We believe that empirically-based treat-
ent with pyridoxine should be performed in all

ituations of early-onset epilepsy, with a maintenance
ose as recommended (between 15 and 30 mg/kg/day
O for children and 15 and 500 mg/day for adults).

onclusion

n conclusion, a therapeutic trial with pyridoxine
hould be performed in all cases of neonatal, infan-
ile, and childhood refractory epilepsy. There should
o longer be any clinical uncertainty regarding cases of
uspected PDE and pyridoxine withdrawal to demon-
trate recurrence of seizures is no longer needed
ince urinary �-AASA is a reliable biomarker of ATQ
eficiency (the most frequent cause of PDE) and is
levated in biological fluids even under pyridoxine
reatment. The molecular confirmation of diagnosis
s of utmost importance for adequate genetic coun-
elling and implementing early therapy. PDE patients
hould maintain lifelong pyridoxine therapy with a
aintenance dose as recommended, as well as ade-

uate clinical surveillance for eventual toxicity. �
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