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AIM To characterize the clinical and genetic characteristics of a large cohort of patients with
pyridoxine-dependent epilepsy (PDE).

METHOD We retrospectively collected clinical and genetic information of 33 (15 males, 18
females; mean [SD] age 4y 11mo [2y 5mo]; 1y 3mo-10y 4mo) patients with PDE from 31

unrelated families at a single centre.

ABBREVIATIONS
a-AASA  a-aminoadipic semialdehyde

AED Antiepileptic drugs

P6C Piperideine-6-carboxylic

PDE Pyridoxine-dependent epilepsy
PLP Pyridoxal 5'-phosphate

RESULTS There were many types of seizures, with focal seizures in 32 cases. Dravet
syndrome was suspected clinically in two patients. Electroencephalogram (EEG) was normal
in seven patients at the initial stage and then in 17 patients during pyridoxine maintenance
therapy. Genetic studies revealed 26 kinds of variants in ALDH7A1 and four in PLPBP with 18
variants unreported previously, and 48 ALDH7A1 variants were located in exon 11, 12, 14,
and 17 or intron 9 and 11. In addition, three patients carried different exons deletion. Among
these, seizures could be controlled for several years in one patient by levetiracetam

monotherapy. Another patient remained seizure free for up to 7 months without therapy. All
patients received oral pyridoxine treatment, with only one case (with exon 8-13 deletion)

showing poor control.

INTERPRETATION This study illustrates the range of clinical presentations and genetic causes
in PDE, as well as responsiveness to antiepileptic drugs. A relationship between EEG and
pyridoxine therapy could be seen in many cases. Seizure control was seen in all with
pyridoxine monotherapy except for one patient.

Pyridoxine-dependent epilepsy (PDE) is an autosomal
recessive disorder of pyridoxine metabolism.! Intractable
neonatal epileptic encephalopathy is the classical presenta-
tion with the hallmark feature that seizures respond
uniquely to high dose of pyridoxine, and not to
antiepileptic drugs (AEDs).> ALDH7A1 was first identified
as a pathogenic gene for PDE in 2006.> Mutations deac-
tivate the o-aminoadipic semialdehyde (a-AASA) dehydro-
genase in the lysine catabolism pathway, which
destabilizes the balance between o-AASA and piperideine-
6-carboxylic (P6C), further deactivating pyridoxal 5'-
phosphate (PLP).> Subsequently, mutations in PLPBP
(previously called PROSC) encoding PLP binding protein
were identified in 2016, resulting in impaired cellular
PLP homeostasis.* To date, more than 280 patients with
PDE-ALDH7A and 27 with PDE-PLPBP have been
reported.*'6

Here, we report the clinical, electrophysiological, bio-
chemical, and genetic spectrum of 33 patients with PDE
from 31 unrelated families, including 12 patients (patient
1-6, patient 8-13) who were reported previously.'” "
Thirty-one patients were PDE-ALDH7A1, and the other
two patients were PDE-PLPBP.

© 2019 Mac Keith Press

METHOD

Patients and materials

Thirty-three patients from 31 unrelated families were
recruited. We adopted the method of liquid chromatog-
raphy-mass spectrometry described previously to detect
the concentrations of o-AASA, P6C, and pipecolic
acid.”® Fifteen patients underwent liquid chromatogra-
phy-mass spectrometry screening for o-AASA, P6C, and
pipecolic acid. Biochemical testing, blood urinary meta-
bolic screening, electroencephalogram (EEG), and brain
magnetic resonance imaging (MRI) were performed on
some of the patients, and genetic studies performed on
all.  Neurodevelopmental assessment was performed
according to intelligence tests (Wechsler or Gesell
intelligence scales) or clinical judgement and parents’
questionnaires.

Genetics analysis
Genetic analysis of ALDH7AI was performed as described
previously.'® Genetic analysis of PLPBP was performed as
described by Plecko et al.’

The study was approved by the Biomedical Research
Ethical Committee of Peking University First Hospital.
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Written permissions were obtained from all patients’ par-
ents or guardians.

RESULTS

Phenotypic spectrum

Demographic and clinical characteristics are summarized
in Table S1 (online supporting information). The 33
patients (15 males, 18 females; mean [SD] age 4y 11mo [2y
Smol; 1y 3mo—10y 4mo) were from 31 unrelated families
(two affected siblings in two families). Patient 13 had a sib-
ling who had neonatal seizures and died at the age of 5
years. Perinatal abnormalities were observed in 11 cases,
including asphyxia in four patients, meconium-stained
amniotic fluid in three, postpartum hypoxia in two, abnor-
mal fetal movement and threatened preterm labour in one.
Convulsive seizures occurred within 24 hours of life in six
patients, 1 to 10 days in 12, 1 to 3 months in seven, and 3
to 6 months in seven. Patient 14 had a later onset, at the
age of 13 months. Focal seizures occurred in 32 out of 33
patients. Other seizure types included: epileptic spasms in
five patients, focal to bilateral tonic-clonic seizures (secon-
darily generalized seizures) in five, generalized tonic-clonic
seizures, and myoclonic seizures in two. These different
seizures types could exist simultaneously in the same indi-
vidual. In addition, 13 cases had a history of status epilep-
ticus.

The phenotype of two patients was similar to Dravet
syndrome. For patient 12, a febrile, focal to bilateral tonic-
clonic seizure occurred at the age of 5 months. Then, feb-
rile or afebrile seizures occurred and sometimes attained
status epilepticus, which could not be controlled by multi-
ple AEDs. Single SCNIA test was negative and the neuro-
logical gene panel revealed ALDH7AI mutation. At the
age of 21 months, she took pyridoxine monotherapy persis-
tently (150mg/d) and remained seizure free for about 5
years. For patient 18, seizures during febrile diseases
occurred at 3 months manifesting as unilateral or bilateral
limb convulsions, sometimes lasting for more than half an
hour or showing clusters within a few hours. At 6 months
old, various AEDs were combined or taken in turn, but
showed no significant effect. After a genetic diagnosis at
the age of 4 years and 9 months, she began to be treated
with pyridoxine (210mg/d) and remained seizure free for
nearly 6 years.

EEG, MRI, biochemical, and metabolic investigations

EEG were obtained in 30 patients (Table S2, online sup-
porting information). Before or after pyridoxine, the EEG
was normal in seven patients, and showed focal or multifo-
cal discharges in 17, generalized discharges in three, burst
suppression in one, hypsarrhythmia in one, and generalized
slow wave rhythm in one. At the last follow-up, EEG nor-
malized in 17 out of 20 patients, with 16 cases returning to
normal within 28 days to 16 months and remaining nor-
mal. The EEG of patient 1 returned to normal at the age
of 5 months with pyridoxine treatment for 3 months, but
showed focal discharges once again after 2 years, without
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What this paper adds

® There is a parallel relationship between electroencephalogram and pyridox-
ine therapy in many patients.

® Patients with pyridoxine-dependent epilepsy may respond well to low-dose
pyridoxine.

seizure recurrence. By increasing the maintenance dose of
pyridoxine, the EEG returned to normal again. For patient
3, despite being treated with pyridoxine for nearly 5 years
without seizures, the EEG was still abnormal with no sig-
nificant improvement in severity. Before and after using
pyridoxine, the EEG of patient 20 still showed interictal
multifocal discharges with seizures. In addition, the EEG
showed functional centrotemporal spikes at the age of
7 years in patient 31.

Among the 28 patients with brain MRI results
(Table S2), 19 showed normal MRI. The MRI abnormali-
ties included enlarged ventricles (3/13), abnormal white
matter signals (2/13), subarachnoid widened (2/13), post-
eior horn of lateral ventricle delayed myelination (1/13),
corpus callosum hypoplasia (2/13), diffusely delayed myeli-
nation (1/13), cerebral white matter dysplasia (1/13), and
brain atrophy (1/13). These abnormalities could exist
simultaneously in the same individual.

Fifteen patients underwent the search for biomarkers
during pyridoxine treatment between the age of 16 months
and 8 years (Table 1). The concentrations of the sum of o-
AASA and P6C (a-AASA-P6C) in plasma and urine were
significantly increased in all 15 patients. Pipecolic acid
concentrations in plasma and urine were elevated in 10
patients, but normal in five patients. Abnormal biochemical
results were found in 7 out of 11 patients, including elec-
trolyte disturbance, lactic acidosis, elevated lactate dehy-
drogenase, or elevated glutamic oxalate transaminase. The
amino acids in blood were elevated in patients 23 and 27,
including arginine, threonine, leucine, phenylalanine,
methionine, and ornithine. Only patient 15 had elevated
galactose in the urine organic acid testing.

Gene mutation analysis

All patients underwent genetic sequencing (Table S2).
Thirty-one patients carried ALDH7AI mutation and two
carried PLPBP mutation. PLPBP complex heterozygous
mutations were detected in patient 32 (c.119 C>T |[p.
P40L) and ¢.207+1 G>T [IVS2+1 G>T]) and patent 33
(c45C>A [p.C15X] and ¢.338T>C [p.M113]). Twenty-six
kinds of variants were identified in ALDH7AI mutations
(Fig. 1), including 17 missense mutations, two nonsense
mutations, three splicing site mutations, four deletion
mutations. Among them, two cases (patient 20 and patient
25) were identified as homozygous mutations in
ALDH7A1. However, when testing the proband’s parents,
only one paternal mutation site was detected. Subse-
quently, two different kinds of maternal deletion of exons
were validated in both patients by quantitative polymerase
chain reaction: exons 8 to 13 and exon 6. In addition,
patient 29 underwent quantitative polymerase chain



Table 1: Biochemical markers in 15 patients with pyridoxine-dependent epilepsy

Duration of Pipecolic acid a-AASA-P6C
Age at treatment with

Patient detection pyridoxine Plasma Urine Plasma Urine
ID/Sex (y:mo) (y:mo) (umol/L) (umol/mmol Cr) (umol/L) (umol/mmol Cr)
1/F 3:0 3:0 8.1221 0.2048 21.0868 122.0004
3/M 3:10 3:0 5.6205 0.3781 16.6715 56.0896
4/M 5:6 3:9 4.2038 0.0315 15.2904 42.5998
5/M 3:4 3:0 4.9616 0.1501 4.398 37.5832
6/F 6:1 5:2 5.281 0.0950 13.4936 32.3642
9/M 5:8 5:1 6.6532 0.1604 11.3282 67.0984
10/M 2:6 2:0 2.1296 0.0393 5.4767 23.2588
12/F 5:3 35 6.1772 0.3562 24.1705 109.9488
14/F 5:4 1:4 3.9366 0.0201 10.1806 18.0173
15/F 4:5 4:0 5.054 0.0567 9.6614 15.0009
16/F 1:4 0:11 2.2946 0.0366 4.9316 18.4633
17/M 4:9 0:2 1.4934 0.0750 5.3217 3.2157
18/M 8:7 4:0 3.0904 0.1298 7.7447 46.7611
19/F 4:5 0:4 2.932 0.1542 6.7307 18.1117
20/F 4:3 3:10 4.8373 0.0456 6.5793 18.7264

Reference range:?° s-aminoadipic semialdehyde (a-AASA)-piperideine-6-carboxylate (P6C), plasma: 4.40-24.17umol/L, urine: 3.22—
122.00pmol/L; pipecolic acid, plasma: 1.49-8.12umol/L, urine: 0.02-0.38umol/L.
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Figure 1: All mutations identified in ALDH7AT in 31 patients. Mutations appearing more than twice are shown in italics. Mutations are organized as mis-

sense, nonsense, splice, and deletion. The 5 and 3’ noncoding regions are shown with diagonal stripes. [Colour figure can be viewed at wileyonlinelibrary.

com]

reaction at the initial genetic testing, with one paternal
missense mutation and one heterozygous deletion in exon

1, while her mother showed wild type.

Treatment outcome
Before pyridoxine administration, 26 patients were treated

by multiple AEDs. The duration of seizures decreased or
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the interval between seizures increased in 20 patients. In
four patients (patients 21, 23, 26, and 27), AEDs combined
with pyridoxine were initially used, so the response to
AEDs alone could not be observed. The treatment before
pyridoxine was unknown in two patients (patients 22 and
25). When patient 7 developed convulsions on the ninth
day after birth, pyridoxine without AEDs was used initially
because of family history. There were particular treatment
experiences in two patients. For patient 31, since onset at
5 months, the seizures could be controlled well for 2 to 3
years with levetiracetam therapy. Seizures relapsed because
of febrile diseases at the age of 3 and 5 years. The patient
was genetically diagnosed with PDE at the age of 5 years
and 9 months. From then on, he was treated with pyridox-
ine monotherapy and had no seizures for nearly 2 years,
despite the occurrence of febrile diseases. For patient 14,
focal seizures occurred at 13 months of age. Untreated
with AEDs or pyridoxine, she had no seizures for 7
months. Seizures lasted for several minutes with clusters,
and the frequency was not changed by the combination of
AEDs. After genetic diagnosis at the age of 4 years, pyri-
doxine was added (180mg/d), and no seizures occurred for
nearly 4 years.

After diagnosis, all patients received pyridoxine therapy.
The duration of pyridoxine maintenance therapy ranged
from 15 days to 6 years. The length of recurrence interval
after pyridoxine withdrawal ranged from 3 to 100 days.
Thirty-two patients treated with pyridoxine monotherapy
were controlled well. In the remaining patient (patient 20),
the seizures were still uncontrolled with both pyridoxine at
the maximum dose of 360mg/day and a combination of

three AED:s.

Follow-up

At last follow-up, 33 patients were aged from 2 months to
9 years. All patients except for one (patient 20) had good
control of seizures under pyridoxine monotherapy, with
dosages ranging from 30mg/day to 240mg/day. Among
them, the therapeutic dose of pyridoxine ranged from
1.6mg/kg/day to 4.7mg/kg/day in seven patients, 5.0mg/
kg/day to 7.9mg/kg/day in 14, and 8.1mg/kg/day to
12.8mg/kg/day in 11. Seizures relapse occurred in eight
patients because of febrile diseases. In two of them, the sei-
zures were controlled by doubling the dose of oral pyri-
doxine. Five patients were controlled by intravenous
pyridoxine. For the remaining patient, neither oral dose-
doubling nor intravenous pyridoxine could control the sei-
zures, which only responded to diazepam.

Up to the last follow-up, the neurological development
of 15 out of 33 patients was within typical limits. The
others showed varying degrees of developmental delay
that was considered mild in nine cases, moderate in four,
and severe in five. In five patients (patient 3, 5, 14, 17,
and 21) formal testing occurred (Wechsler or Gesell
intelligence scales), while others were assessed by clinical
judgement or parents’ questionnaires (child development
testing).
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Antenatal diagnosis

Five families with PDE (families of patients 1, 5, 10, 15,
and 20) underwent antenatal diagnosis procedure for a sec-
ond pregnancy. One case (family 10) was wild type and
three cases (family 1, 5, and 20) had heterozygous muta-
tions. The result of another case (family 15) was the same
as proband, so abortion was induced. One family (patient 6
and 7) followed doctors’ advice to accept intrauterine pyri-
doxine therapy on patient 7 because of a rejection of ante-
natal diagnosis. As for another family (patient 27 and 28),
because of late diagnosis in the first child, the second child
unfortunately also presented with PDE without antenatal
diagnosis.

DISCUSSION

Here we report a cohort study of 33 patients with PDE,
showing 26 disease-causing variants in ALDH7A1 and four
variants of PLPBP. The largest number of cases reported
in previous literature was 30, with a focus on analysing the
imaging findings rather than phenotype and genotype.”'
van Karnebeek et al.” focused on six cases with atypical
manifestations among 266 cases reported in 49 articles.
Coughlin et al.*? reviewed the genetics of 185 cases from
previous reports. Therefore, this study involved the largest
cohort of patients with PDE in a single centre reported to
date, with analysis of both clinical and genetic features.

Up until now, 27 patients with PDE-PLPBP had been
reported. Compared with the reported cases with
ALDH7AI mutations, patients with PDE-PLPBP showed
high preterm birth rate, early onset, seizures mainly in the
form of generalized tonic-clonic seizures and lactic acidosis
in more than 50 per cent of patients.”** In our cohort, no
specific clinical features except the elevation of lactic acid
of PDE-PLPBP were found to distinguish these two cases
from patients with PDE-ALDH7AI.

In the literature summarized by Mills et al.,”> abnormal
fetal movement (33%) and fetal distress (29%) were found,
as well as postnatal respiratory distress (33%). In this study,
33 per cent had abnormal pregnancy or birth history, and
one case had been found to have abnormal fetal move-
ments, indicating the possibility of intrauterine seizures. In
previous reports, convulsions appeared in 89 per cent of
patients within 1 month.”* In atypical form, seizures might
appear later, sometimes as late as at 3 years.” In our cohort,
seizures of 61 per cent of patients (7=20) occurred within
the neonatal period, while 39 per cent (#=13) had a later
age at onset, up to 13 months. In their review, Basura
et al.** concluded that there were various types of seizures,
focal seizures being the most common (30%). The latter
were present in 97 per cent of patients (z=32) in our cohort.
In addition, two of our patients presented with clinical fea-
tures that were similar to Dravet syndrome, suggesting that
PDE had an extensive clinical spectrum.

Previous reports showed that burst suppression was the
most common EEG feature (53%) among patients with
PDE-PLPBP.*® Owing to only two PDE-PLPBP cases in
our study, the EEG did not show this feature. According



to previous literature, the EEG of patients with PDE
included slow background activity with multifocal or gen-
eralized discharges (58%), burst suppression (16%), and
normal EEG (11%).>} In our cohort, EEG outcomes were
abnormal in 77 per cent (7=23) of patients with burst sup-
pression only in one. During the follow-up, the EEG nor-
malized in 85 per cent of patients (=17). For patient 3,
frequent convulsions and even status epilepticus occurred
during the neonatal period without being treated by pyri-
doxine correctly, after which the patient’s development was
severely impaired. The EEG of this patient also remained
abnormal. In our cohort, a parallel relationship between
EEG improvement and long-term pyridoxine treatment
could be seen to some degree. Notably, before or after
pyridoxine, the EEG was normal in 23 per cent (n=7) of
patients and normalized in 85 per cent (#=17) of patients
at the last follow-up. Interestingly, in one patient, the
EEG returned to normal again when increasing the dose
of pyridoxine without seizure recurrence, suggesting that
EEG monitoring could guide the clinical medication dur-
ing the course of PDE. In this series, normality and non-
specific abnormalities of brain MRI were observed, as
previously reported.”* But in our cohort, the proportion of
patients who had normal MRI seems particularly high
(68%, n=19). For example, Mills et al.”> found normal
brain MRI in 6 out of 19 patients and Bok et al.*’ in only
1 out of 9 patients. It was reported that long-term high
doses of pyridoxine could cause cerebral demyelinating, so
regular brain MRI monitoring was recommended.”®
Unfortunately, because of several factors such as patients’
poor compliance, the follow-up brain MRI is lacking at
present.

Elevated concentrations of a-AASA, P6C, and pipecolic
acid in blood, urine, and cerebrospinal fluid could be used
as biomarkers for the diagnosis.”® However, the detection
method of biomarkers is currently available in only a few
laboratories in some countries. Using the method estab-
lished in our hospital in 2018, biomarkers were detected in
15 patients during pyridoxine therapy. Literature suggested
that pipecolic acid levels could be normalized with age or
after pyridoxine treatment for months to years.”* In our
study, the high concentrations of pipecolic acid in two-
thirds of patients and o-AASA-P6C in all 15 patients sug-
gested that pyridoxine monotherapy was insufficient to
improve the level of biomarkers, and triple therapy with
pyridoxine, arginine supplementation, and dietary lysine
restriction might be adopted in the future.”” To our knowl-
edge, at present, triple therapy has been carried out in no
more than 20 patients in the world. Some reports suggest
further reduced toxic metabolites in the blood, urine, and
cerebrospinal fluid, and possible improvement of neurode-
velopmental outcomes, but this has not been con-
firmed.'®?’ Consistent with previous reports,” abnormal
biochemical and plasma amino acids and urine organic
acids test results were not found to be specific in this series.

Genetic studies in our cohort identified 26 kinds of vari-
ants in ALDH7AI and four in PLPBP, with missense

mutations being the most common. Among them, 15
ALDH7A1 variants and three PLPBP variants were unre-
ported previously. In a review of the literature, p. E427Q
was the most common mutation presenting in 26 per cent
of all alleles.”? This ‘hot spots’ mutation accounted for
only 5 per cent in our study, but p. Y516C (16%),
IVS11+1G>A (15%), and p. Y345C (13%) had high fre-
quency. Among them, p. ¥Y345C and IVSI1+1G>A has
been reported in China only, while p. Y516C was reported
in a few patients from other countries.”® Mills et al.”’
found that exons 4, 6, 9, 11, and 14 seemed to be ‘hot
spots” in ALDH7AI mutations, existing in 60 per cent of
white patients. In our 31 Chinese patients, 77 per cent
variants in ALDH7AI were located in exon 11, 12, 14, and
17 or intron 9 and 11. These data suggest that ethnic dif-
ferences exist in ALDH7AI mutation. The available
genetic data showed deletion of one or more exons in
ALDH7A1, including exons 8 and 9, exons 12 to 18, exons
14 to 17, and exons 16 and 17.% In our study, there were
three patients carrying a different deletion of exons, which
were not shown by initial genetic studies in two of them.
For another patient with exon deletion mutation, the vari-
ant was considered de novo. The above indicated that sus-
pected patients with negative results of gene sequencing or
only one mutation site should undergo quantitative poly-
merase chain reaction or multiplex ligation-dependent
probe amplification testing.

Lin et al. reported that the most common AEDs with
initial response in patients with PDE was phenobarbital.*®
In our cohort, 77 per cent (n=20) of patients had transient
response to commonly used AEDs, including phenobarbi-
tal. One of our patients was treated by levetiracetam alone
for several years without seizures. Before therapy, another
patient was seizure free for 7 months. In previous reports,
seizures commonly recurred within 1 to 51 days after the
withdrawal of pyridoxine, or patients could remain seizure
free for a maximum of 5.5 months.”} Our patients were
also treated with pyridoxine intermittently before definite
diagnosis and relapsed within 3 to 100 days. Therefore,
PDE should not be excluded based on response to AEDs
and the delay recurrence of pyridoxine after withdrawal.
Seizure freedom was reported in 87 per cent of patients
with PDE-ALDH7AI on pyridoxine monotherapy,”* but
only in about 30 per cent of patients with PDE-PLPBP.**
In our cohort, 30 patients with PDE-ALDH7A1 (97%)
and two patients with PDE-PLPBP became seizure free on
pyridoxine monotherapy (i.e. much more than previously
reported). There has been no uniform standard for the
maintenance dose of pyridoxine; the recommended dosage
changes between 15mg/kg/day and 30mg/kg/day in infants
or up to 200mg/day in neonates and 500mg/day in
adults.”® In our patients, maintenance dosage was mostly
between 30mg/kg/day and 240mg/day (i.e. 1.6-12.8mg/kg/
day), which is lower than in the literature.”® It seemed that
patients with PDE responded well to a lower dose of pyri-
doxine. The large individual dose differences indicate that
further research is needed to recommend individualized
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long-term treatment. Notably, one patient who carried a
deletion of exons 8 to 13 had the worst response to pyri-
doxine at a dose of 360mg/day combined with multiple
AEDs. This might result from the large fragments deletion
of ALDH7A]1, resulting in severe loss of protein function.

It has been reported that when patients with PDE had
acute febrile diseases, breakthrough convulsion could be
prevented or controlled by increasing the dosage of pyri-
doxine,'” which appeared to be confirmed in our study.
However, oral pyridoxine dose-doubling failed to prevent
recurrence and then control seizures in six of our patients,
whereas intravenous pyridoxine or diazepam achieved con-
trol, possibly owing to quicker availability of pyridoxine by
intravenous injection and sedative effect of diazepam.
Based on this observation, we would suggest use of
intravenous pyridoxine with or without diazepam if oral
dose-doubling pyridoxine fails to prevent recurrence
during febrile diseases.

According to a previous report, 71 per cent of patients
with PDE had developmental delay.”> In our cohort, 55
per cent (#=18) of patients showed different degrees of
neurodevelopmental delay, which was mild in nine cases,
moderate in four cases, and severe in five cases. Among the
patients, there were affected siblings in two families. In
one family, development was within normal limits in both
affected children. In another family, because of the large
difference in diagnosis time and therefore treatment, one
patient had a severe delay and the other was nearly typical.
Nevertheless, two patients with the same genotype from
different families also showed completely different pheno-
types. For delayed diagnosis, the mean lag time was
reported as 311 days, and the longest was nearly 9 years.”*
In our study, the lag period ranged from 15 days to 6
years. One patient with typical development received a
delayed diagnosis by about 6 years, while the other with
delayed diagnosis for 2 months still showed severe intellec-
tual disability. Another three patients with delayed diagno-
sis for 9 months showed different prognosis. This confirms
that the relationship between phenotype and genotype is
complex. In addition to genotype and delayed diagnosis,
age at onset, and drug maintenance dose also affects

0utc0mes.23
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The prenatal screening of ALDH7AI for affected family
members had been proposed.’® In our study, five families
with PDE performed antenatal diagnosis for a second
pregnancy and a further family with a positive result chose
to induce abortion. In two families with two affected sib-
lings in whom the antenatal diagnosis had not been per-
formed, the second patient with PDE was born. In
addition, for family 13, the first dead child might also have
had PDE. This suggests that diagnosis in the first fetus
could impact management decisions about termination or
(very) early treatment to avoid poor prognosis, arguing in
favour of antenatal diagnosis and timely (intrauterine)
treatment.

CONCLUSION

This study involved the largest cohort of patients with
PDE from a single centre. We described the details of the
clinical and genetic alterations of 33 patients with PDE,
with some atypical symptoms, extending the phenotypic
and genotypic spectrum. In addition, we described a paral-
lel relationship between EEG and long-term pyridoxine
therapy to some extent. In terms of genetics, we identified
high frequency mutation sites and exons or introns in a
Chinese population. Given the neurodevelopmental out-
come issues, triple therapy should be studied in this group,
especially for patients with uncontrolled seizures and
developmental delay.
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