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Abstract

Background and Objectives

Pyridoxine-dependent epilepsy (PDE-ALDH7AL1) is a developmental epileptic encephalopa-
thy characterized by seizure improvement after pyridoxine supplementation. Adjunct lysine
reduction therapies (LRTs) reduce the accumulation of putative neurotoxic metabolites with
the goal to improve developmental outcomes. Our objective was to examine the association
between treatment with LRTs and cognitive outcomes.
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Methods

Participants were recruited from within the International Registry for Patients with Pyridoxine-
Dependent Epilepsy from August 2014 through March 2021. The primary outcome was
standardized developmental test scores associated with overall cognitive ability. The relation-
ship between test scores and treatment was analyzed with multivariable linear regression using a
mixed-effects model. A priori, we hypothesized that treatment in early infancy with pyridoxine
and LRT's would result in a normal developmental outcome. A subanalysis was performed to
evaluate the association between cognitive outcome and LRTs initiated in the first 6 months of

life.
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Results

A total of 112 test scores from 60 participants were available. On average, treatment with
pyridoxine and LRTs was associated with a nonsignificant increase of 6.9 points (95% CI -2.7
to 16.5) on developmental testing compared with treatment with pyridoxine alone. For the
subanalysis, a total of 14 developmental testing scores were available from 8 participants. On
average, treatment with pyridoxine and LRT's in the first 6 months of life was associated with a
significant increase of 21.9 points (95% CI 1.7-42.0) on developmental testing.
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Glossary

a-AASA = a-aminoadipic semialdehyde; ID/DD = intellectual disability or developmental disability; IQR = interquartile range;
LRT = lysine reduction therapy; PDE = pyridoxine-dependent epilepsy.

Discussion

Pyridoxine and LRTS at any age was associated with mild improvement in developmental testing, and treatment in early infancy
was associated with a clinically significant increase in developmental test scores. These results provide insight into the
mechanism of intellectual and developmental disability in PDE-ALDH7A1 and emphasize the importance of treatment in early
infancy with both pyridoxine and LRTs.

Classification of Evidence
This study provides Class IV evidence that in PDE-ALDH7A1, pyridoxine and LRTs compared with pyridoxine alone is not
significantly associated with overall higher developmental testing scores, but treatment in the first 6 months of life is associated

with significantly higher developmental testing scores.

Pyridoxine-dependent epilepsy due to a deficiency of a-ami-
noadipic semialdehyde (a-AASA) dehydrogenase (PDE-
ALDH7AL) is a developmental epileptic encephalopathy
characterized by a clinical response to pyridoxine. Pharma-
cologic doses of pyridoxine have remained central to the
treatment of this disease for more than 60 years." Historically,
the withdrawal of pyridoxine and subsequent recurrence of
seizures documented dependence on chronic pyridoxine
supplementation for seizure control,”® and several reports
describe patients who died before initiation of pyridoxine
treatment, emphasizing the critical role of pyridoxine in the
treatment of this disorder.””

However, pyridoxine supplementation alone is insufficient to
achieve a normal developmental outcome. Even when seizure
control is achieved, most patients experience intellectual
disability or developmental disability (ID/DD).'"" This is
highlighted by patients who commenced pyridoxine antena-
tally, often without postnatal evidence of seizures, who were
still reported to experience ID/ DD.'? The deficiency of
a-AASA dehydrogenase results in the accumulation of several
metabolites including pipecolic acid,”® a-AASA,™* Al-piper-
ideine-6-carboxylate,"> 6-oxo-pipecolate,'® and 2S,6R-oxo-
propylpiperidine-2-carboxylic acid.'” These metabolites aid in
confirming the diagnosis of PDE-ALDH7AL, and the chronic
accumulation of 1 or more of these metabolites may con-
tribute to the ID/DD pervasive in this disease.'®

Lysine reduction therapies (LRTSs) aim to reduce the accu-
mulation of these putative neurotoxic metabolites to improve
developmental outcomes. These treatment strategies include
a lysine-restricted diet,'® pharmacologic doses of arginine,
which acts as a competitive inhibitor of lysine transport,>**"
and a combination of these 2 therapeutic strategies and pyr-
idoxine referred to as triple therapy.”” To date, 13 observa-
tional studies have reported the benefit of LRT,*'**%**! and
both pyridoxine and LRT are recommended for most patients
with PDE-ALDH7A1.>* Yet not all patients have benefited
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from the addition of LRT, highlighting the need for further
evaluation of these adjunct treatments. In this study, we de-
scribed the association between treatment with LRT and
developmental outcomes in observational study of research
participants with PDE-ALDH7AI. Our primary research
question was whether treatment with pyridoxine and LRT
associated with improved developmental test scores.

Methods

Study Design

This is a multicenter, observational cohort study of participants
with PDE-ALDH7AI. The Strengthening the Reporting of
Observational Studies in Epidemiology statement for reporting
observational studies was used for reporting these results.*

Standard Protocol Approvals, Registrations,
and Patient Consents

Participants were recruited from the International Registry for
Patients with Pyridoxine-Dependent Epilepsy (PDE registry,
pdeonline.org). The PDE registry was initially approved by
the University of British Columbia Children’s and Women’s
Research Ethics Board (H14-01832), and local approval was
obtained by all sites where required. Participants were
recruited from August 2014 through March 2021, and
ambispective clinical data were collected for each participant.

Individuals of any age with a confirmed diagnosis of PDE-
ALDH7A1 were eligible for enrollment. The diagnosis of
PDE-ALDH7A1 was defined as the elevation of a-AASA or
biallelic pathogenic variants in ALDH7AI. Additional inclusion
criteria included at least 1 developmental assessment. Exclusion
criteria included other causes of pyridoxine-responsive sei-
zures and comorbid findings that may have severely affected a
participant’s development. Following informed consent, each
participant’s clinical, biochemical, and genetic data were col-
lected using Research Electronic Data Capture software.”*
The timing of follow-up visits were based on published
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recommendations'®>> and consensus guidelines32 for the
management of PDE-ALDH7AL.

Variables and Data Sources

A standardized developmental assessment with a focus on
mental and cognitive scores was used as the primary outcome
measure. For this analysis, full-scale intelligence quotient (as
determined by Der Hamburg-Wechsler-intelligenztest fiir
Kinder, Wechsler Adult Intelligence Scale, Wechsler In-
telligence Scale for Children, Wechsler Preschool & Primary
Scale of Intelligence, Woodcock-Johnson Tests of Cognitive
Abilities), mental developmental index (Bayley Scales of Infant
& Toddler development), SON-intelligence quotient (Snijders-
Oomen Nonverbal Intelligence Test), and mental processing
composite intelligence quotient (Kaufman Assessment Battery
for Children) were treated as equivalent outcome measures.
These 8 developmental tests were scaled so that the mean and
standard deviation in the general population is 100 and 15,
respectively. Treatment during developmental testing was cate-
gorized based on treatment with either pyridoxine monotherapy
or treatment with pyridoxine + LRT. LRT was defined as the use
of a lysine-restricted diet, arginine supplementation, or a com-
bination of these 2 therapeutic strategies.

Most of the data were collected from the participants’ medical
records. Demographic data (sex assigned at birth, race, and
ethnicity), gestational age, diagnostic data (a-AASA levels,
genotype), and initial presentation (age at first seizure and age
at treatment with pyridoxine) were recorded during enroll-
ment. Treatment data included the use of pyridoxine mono-
therapy or pyridoxine + LRT. For all participants, the age at
the start of pyridoxine and LRT were recorded. De-
velopmental testing data were additionally collected. For each
standardized developmental assessment, the age and treat-
ment during testing were recorded.

Investigators also provided a subjective assessment of whether
a participant had an abnormal development at last visit, such
as global developmental delay, speech or language delay, gross
or fine motor delay, communication delay, or difficulties with
activities of daily life. Investigators were instructed to use
formal developmental assessments, clinical evaluations, and
third-party informants for these assessments.

Covariates and Confounders

The age at first seizure was considered a potential covariate.
Late-onset of seizures, defined as seizures starting after 2
months of age, has been associated with a relatively good
clinical outcome.*® The onset of seizures may also be a proxy
for a-AASA dehydrogenase activity resulting in decreased
a-AASA accumulation compared with those participants with
a complete absence of enzyme activity. Therefore, genotype
was not considered as a covariate because this may also be
associated with residual enzyme activity. Other potential
confounders included sex, gestational age, age at pyridoxine
supplementation, delay of pyridoxine supplementation, and
age at developmental testing. The delay of pyridoxine
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treatment was defined as the time between seizure onset and
consistent pyridoxine treatment.

Statistical Analysis

Statistical analyses were performed with R software version
3.6.3.3° Continuous variables were summarized as either
mean and SD or median and interquartile range (IQR).
Categorical variables were summarized as the number and
percentage of all participants.

The relationship between developmental outcomes and treat-
ment modality was analyzed with multivariable linear regression
using a mixed-effects model. Univariate analysis was performed to
explore potential covariates as predictors for the developmental
outcome, and any potential covariate with a significance of <0.05
was included in the multivariable model. Treatment modality was
a dichotomous variable defined as either treatment with pyri-
doxine monotherapy or pyridoxine + LRT during developmental
testing. Gestational age (full-term or <37 weeks gestation) and
onset of seizures (<2 months of age or late onset) were also
treated as dichotomous variables. The delay of pyridoxine sup-
plementation (in days) and age at developmental testing (years)
were treated as continuous variables. The interaction between
treatment modality and length of treatment modality was tested.

A linear mixed-effects analysis of the relationship between
treatment with pyridoxine + LRT and developmental test
results was performed using the statistical software R and the
Ime4 package.z’7 The length of treatment (as an interaction
term with treatment), gestational age, the age at initial onset
of seizures, the delay in treatment with pyridoxine from the
onset of seizures, and the age of the participants during de-
velopmental testing were added as fixed effects. Several par-
ticipants had multiple developmental test results. As a result,
the intercept for participants was entered as a random effect.
Visual inspection of the residual plots did not reveal any ob-
vious deviations from homoscedasticity or normality.

A priori, we also hypothesized that treatment in early infancy
with pyridoxine + LRT would result in a normal developmental
outcome. A subanalysis of the data was performed by catego-
rizing each participant as either treated with pyridoxine + LRT in
the first 6 months of life or other treatment modality. This age
cutoff was based on observational data, which suggested that
participants treated with LRT in the first 6 months of life had
optimal neurologic outcomes.>

Data Availability
Anonymized data not published within this article will be
made available by request from any qualified investigator.

Results

Participants

Initial inclusion criteria were met by 103 participants (eTable 1,
links.Iww.com/WNL/C281). Three participants were excluded
because of a history of prepartum hypoxic brain injury, a history
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of prematurity resulting in mild spastic diplegia and motor delay,
and a history of prematurity and neonatal sepsis, respectively. Of
the 100 remaining participants, 99 had biallelic variants identified
in ALDH7AI. Participants in whom a variant of uncertain sig-
nificance was identified also had an elevation of pathognomonic
biomarkers, which supported the diagnosis of PDE-ALDH7AL.
In the remaining participant, urine a-AASA was extremely ele-
vated, and disorders of sulfite accumulation were excluded.

Most of the participants (63%) were White and not of His-
panic or Latino ethnicity (Table 1). Most participants pre-
sented with seizures in the neonatal or early infantile period,
and 13% presented with seizures after 2 months of age. The
delay from onset of seizures to treatment with pyridoxine
ranged from 0 day to 10.5 years. Most participants (70.4%)
were described as having developmental delay at their most
recent visit, and the average developmental testing score was
75.5 (SD 18.5). These results are comparable with those of
previous publications describing developmental outcomes in
this disorder.'>"! Notably, 55% of all participants had been
treated with adjunct LRT during at least 1 study visit, likely
representing the increasing use of this therapy.

Table 1 Participant Demographics and Characteristics

Primary Outcome LRT and Developmental
Testing Results

A total of 112 standardized developmental testing scores were
available from 60 participants (eTable 2, links.lww.com/
WNL/C281). Fifty (44.6%) of the standardized de-
velopmental testing scores were obtained when participants
were treated with pyridoxine monotherapy. When treated
with pyridoxine monotherapy, the mean standardized de-
velopmental score was 74.9 (95% CI 69.9-79.9) compared
with a mean of 76.0 (95% CI 71.3-80.7) (p = 0.8) when
treated with pyridoxine + LRT.

Univariate model estimates were obtained for all possible
covariates and confounders. The age at onset of seizures and
delay of pyridoxine treatment were probable covariates and
were significant in the univariate analysis. Gestational age at
birth and age of the individual when developmental testing
was performed were also significant in the univariate analysis,
and all 4 of these variables were kept in the final model. Par-
ticipants were not assigned a given treatment or treated for a
fixed amount of time before developmental testing. The length
of treatment is the amount of time (in years) that an individual
was on a given treatment modality, and the duration of treatment
during developmental testing ranged from 0.1 to 37.0 years.
Available preliminary data suggest that the benefit of LRT would
not be realized immediately. Therefore, the length of treatment

sex, n (%) 62 (62) was an interactive value with treatment modality.
Race, n (%) . . .
Results from the linear mixed-effects model are summarized
White 59 (63) in Table 2. The interactions of the variables and the intercept
Asian 9(10) trended in biologically plausible fashions (i.e., decreasing
when an individual is born premature and increasing with late-
- p g
African o onset seizures). On average, the use of pyridoxine + LRT was
Other 17 (18) associated with an increase of 6.9 points on developmental
. o _ _
Ethnicity, n (%) testing (95% CI -2.7 to 16.5) (p = 0.2).
Hispanic or Latino 7(7) Analysis of LRT Started in Neonatal Period or
Presentation and treatment Early Infancy
We had hypothesized treatment with LRT should be started
Antenatal treatment, n (%) 44 in early infancy for individuals to have a normal
Gestational age, wk, median (IQR) 40.0 (38.0-41.0)
Age at presentation, d, median (IQR) 3.0(0.75-12.0)
Table 2 Linear Mixed-Effects Analysis of Treatment and
Age at pyridoxine treatment, d, median (IQR) 10.0 (4.0-51.0) Developmental Testing Results
Delay in pyridoxine treatment, d, median (IQR) 8.5(1.0-40.3) Predictors Estimates 95 Cl
Treatment with LRT, n (%) 55 (55) (Intercept) 80.1 72310 87.8
Age at start of LRT, y, median (IQR) 4.9(0.87-10.2) Treatment 6.9 2710165
Developmental assessments Length of treatment modality, y 1.0 -0.04 to 2.1
Abnormal development at the last visit, n (%) 69 (70)° Gestational age (<37 wk gestation) -13.8 -29.5t0 2.0
Age at developmental testing, y, mean (SD) 7.68(5.49) Onset of seizures (older than 2 mo of age) 16.1 2.8t029.4
Development testing score, mean (SD) 75.5(18.5) Delay of pyridoxine, d ~0.006 ~0.014 to 0.002
Abbreviations: IQR = interquartile range; LRT = lysine reduction therapy. Age at developmental test, y -1.3 -2.2t0-0.3
2 Developmental assessment at the last visit was available for 99 of the 100
subjects. Treatment: Length of treatment -1.0 -29t0 1.0
Neurology | Volume 99, Number 23 | December 6, 2022 Neurology.org/N
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Table 3 Participants Treated With Lysine Reduction Therapy in the First 6 Months of Life

Participant Sex Age at first seizure, d Age at pyridoxine treatment, d Age at LRT treatment, d Developmental testing score, mean + SD

16 F 10 I 30 98

23 F 10 10 102 66

24 M 1 3 160 70+0
25 F 35 38 40 105
26 M 0 0 110 90+0
11 F 0 0 117 85+ 10
64 F 92 114 182 109
103 F 0 2 2 90+18

Abbreviation: LRT = lysine reduction therapy.

developmental outcome. A total of 14 developmental
testing scores were available from 8 participants who were
treated with pyridoxine + LRT in the first 6 months of life
(Table 3). The mean developmental test score in the early
treated group was 87.3 (95% CI79.5-95.0) compared with
amean of 73.8 (95% CI 73.8-77.5) (p < 0.01) in the rest of
the cohort (Figure 1). After adjusting for the previously
described confounders and covariates, treatment with LRT
in the first 6 months of life was also evaluated in the linear
mixed-effects model noted earlier. On average, treatment
with pyridoxine + LRT was associated with an increase of
21.9 points (95% CI 1.7-42.0, p = 0.04) on developmental
testing compared with treatment with pyridoxine alone or
treatment with pyridoxine + LRT initiated after 6 months
of life (Table 4).

Classification of Evidence

This study provides Class IV evidence that in PDE-
ALDH7A1, pyridoxine and lysine reduction therapies com-
pared with pyridoxine alone is not significantly associated
with overall higher developmental testing scores, but treat-
ment in the first 6 months of life is associated with signifi-
cantly higher developmental testing scores.

Discussion

PDE-ALDH7ALI is a readily treatable disorder, and pharma-
cologic doses of pyridoxine dramatically improve the outcome
for control of otherwise intractable epileptic seizures. Despite
adequate seizure control, most patients continue to experi-
ence ID/DD. LRT aims to reduce the accumulation of

Figure 1 Developmental Outcomes Based on Timing of Treatment
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Table 4 Linear Mixed-Effect Analysis of LRT Started With
the First 6 Months of Life

Predictors Estimates 95 Cl
(Intercept) 79.8 72.2to0 87.5
LRT treatment 6 mo of age or younger  21.9 1.7t0 42.0
Length of treatment modality, y 0.4 -0.2to 1.1
Gestational age (<37 wk gestation) -13.5 -29.4t02.4
Onset of seizures (>2 mo of age) 17.8 4.4t031.1
Delay of pyridoxine, d -0.007 -0.015 to 0.002
Age at developmental test, y -0.7 -1.4t0-03
Treatment: Length of treatment -4.0 -8.3t00.3

Abbreviation: LRT = lysine reduction therapy.

putative neurotoxic metabolites with the goal of improving de-
velopmental outcomes.”” In this study, we reported an in-
ternational observational cohort study of research participants
with PDE-ALDH7A1, which describes the association between
treatment with LRT and objective developmental outcomes.

In 60 participants, 112 standardized developmental test re-
sults, such as full-scale intelligence quotient, were reported.
Fifty-five percentage of developmental tests were performed
when individuals were treated with pyridoxine + LRT. There
was not a significant difference in the test results of those
treated with pyridoxine + LRT compared with the results of
those participants treated with pyridoxine supplementation
alone. Of note, 15 participants (25%) had developmental
testing performed while on pyridoxine monotherapy and
subsequently on pyridoxine + LRT. This change in therapy
was not unexpected because recommendations to treat pa-
tients with LRT were only recently published.**** Nine par-
ticipants had an improved developmental test score on the
subsequent developmental test after changing to pyridoxine
+ LRT. Two other participants had developmental test score
improvements over time (eFigure 1, links.lww.com/WNL/
C280). Some caution should be taken when interpreting this
data. It remains possible that only those individuals who had a
poor developmental trajectory were recommended to change
therapy. Second, this data set does not control for critical
variables such as the age at the start of LRT treatment and the
length of LRT treatment.

Because a simple model did not account for the variability of
developmental outcomes and multiple developmental test
results were available for some participants, a linear mixed-
effects model was chosen to evaluate the association of LRT
on developmental test scores. After controlling for the length
of treatment, prematurity, timing of seizure onset, delay of
treatment with pyridoxine, and age of individuals at de-
velopmental testing, the use of pyridoxine + LRT was asso-
ciated with a moderate increase in developmental testing

Neurology | Volume 99, Number 23 | December 6, 2022

scores with an average increase of 6.9 points on de-
velopmental testing (95% CI -2.7 to 16.5). This may be
clinically important even if the results are not statistically
significant.

These results support previous observational studies, which
noted clinical improvement in some patients after the addi-
tion of LRT. While encouraging, the benefit of LRT in this
study is rather modest and suggests that effect of LRT may not
significantly affect the cognitive outcome in all patients. The
recommendation for dietary treatment is not benign. In
similar metabolic disorders, dietary treatment has been asso-
ciated with personal and financial burdens on caregivers.***’
Overtreatment can also lead to a protein deficiency.*® Al-
though this risk seems to be relatively low,*** LRT should be
closely monitored by a multidisciplinary team including a

metabolic dietitian.>*

One possible explanation for the modest effect of LRT on cog-
nitive development is that treatment may need to be started early
in life to avoid the sequelae from long-term exposure to neurotoxic
metabolites. This is consistent with observational data in patients
with PDE-ALDH7A1> and with other inherited metabolic dis-
orders such as phenylketonuria® and cystathionine -synthase—
deficient homocystinuria.** All individuals treated with pyridoxine
+ LRT were included in this analysis irrespective of the age of the
participant when LRT was initiated. The median age at the start of
LRT was 4.9 years of life (IQR 0.87-10.2 years). Lysine restriction
may have also been insufficiently controlled in some individuals
because details concerning lysine intake and surrogate biomarkers
of dietary lysine restriction were not evaluated.

We performed a subanalysis that suggested treatment with
pyridoxine + LRT in the first 6 months of life is associated
with a significantly higher developmental testing score. After
controlling for the length of treatment, prematurity, timing of
seizure onset, delay of treatment with pyridoxine, and age of
individuals at developmental testing, treatment with pyridoxine
+ LRT in the first 6 months of life was associated with an increase
of 21.9 points on developmental testing. These results empha-
size the importance of an early diagnosis and early initiation of
treatment with pyridoxine + LRT. This further strengthens the
evidence for the 2021 international consensus guidelines in
which the initiation of LRT is encouraged as soon as the di-
agnosis of PDE-ALDH7A1 is confirmed.*

These data also suggest that the delay in diagnosis and treatment
may be a main contributor to the poor developmental outcome
in this disease. In phenylketonuria, the paradigm condition for
newborn screening, even a few weeks delay in dietary therapy
can affect an individual’s cognitive outcome.®® The potentially
disastrous effects of diagnostic and therapeutic delays, in addition
to the recent elucidation of stable biomarkers, makes PDE-
ALDH7AL a potential candidate for newborn screening,'®'”**

Previous observational studies noted that late-onset seizures
may be associated with relatively good developmental
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outcomes.”® Indeed, our results confirmed that late-onset
seizure is a significant predictor of developmental test results.
In total, we reported 8 participants who had onset of seizures
after 2 months of age with a mean developmental test score of
92.2 (95% CI 82.9-101.0). Although 6 of the 8 participants
with late-onset seizures were also treated with pyridoxine
+ LRT, which limits the ability to discern the effect of late-
onset seizures on developmental test scores alone.

It is important to reiterate that the developmental outcomes
in patients with PDE-ALDH7ALI are not associated with sei-
zure control. Several patients had been treated with pyridoxine
antenatally and never had clinical or electroencephalographic
evidence of seizures.*® Despite the absence of seizures, some of
these patients had significant intellectual disability.'>*’ It remains
possible that late-onset seizures is the result of residual a-AASA
dehydrogenase activity, which would also result in lower levels of
neurotoxic metabolites. Given the association between late-onset
seizures and relatively good developmental outcomes, patients
who present with onset of seizures after 2 months of age may
only require treatment with pyridoxine supplementation. Con-
versely, patients with attenuated phenotypes may benefit the
most from early and aggressive therapy. Future studies are
needed to investigate which patients would benefit from treat-
ment with both LRT and pyridoxine.

The observational nature of this study is a limitation because
participants were not assigned to an intervention nor treated
for a standard amount of time before developmental testing.
Not all participants underwent the same developmental
testing battery. There may also be a selection bias for which
participants underwent developmental testing because in-
dividuals who were assessed to be developmentally ap-
propriate may be likely to wundergo formal
developmental testing. However, this approach did provide
valuable insights into treatment outcomes with use of
available data. We also recognize that standardized de-
velopmental testing is only one measure of evaluating a
child’s development and does not fully describe the effect of
this disorder on an individual’s quality of life or the benefit
of therapy. Previously, studies demonstrated the potential
benefit of adjunct LRT in other domains, such as in motor,
verbal, and behavioral skills.®!%20:2224:30,31
focused on various domains of development, including
patient-reported outcome measures, would allow for im-
proved guidance on the use of adjunct LRT.

less

Future studies

The results of early treatment are compelling, although only 8
participants were treated with pyridoxine + LRT in the first 6
months of life. It is also important to note the average age of
developmental testing in this cohort was significantly younger
(3.6 years of age, 95% CI 2.9-4.3) compared with that of the
rest of the participants (8.3 years of age, 95% CI 7.2-9.4). It
remains possible that the developmental outcomes in this
cohort may wane with age. Future studies are needed to
confirm the effect of neonatal treatment with pyridoxine
+ LRT on cognitive development.

Neurology.org/N

Several patients have also been reported with abnormal ce-
rebral imaging and varying degrees of neurologic sequelae.**"
59 The effect of these findings on developmental outcomes is
currently unclear. While age at seizure onset and treatment
initiation was available, the information on recurrent episodes
of status epilepticus and burden of seizures before and after
treatment initiation was not available; the latter variable could
also influence developmental outcomes. Although these re-
sults suggest treatment with LRT in early infancy may ame-
liorate the developmental delay in this disease, the
developmental testing results remain 1 standard deviation
below the general population. Taken together, these data
suggest that LRT is an important treatment to improve clin-
ical outcomes although other treatment strategies are needed
to further improve the developmental outcome in this
disorder.

This report supports the association between treatment with
LRT and improved developmental outcomes. On average,
the use of LRT was associated with a nonsignificant increase
of 6.9 points on developmental testing. A significant increase
in developmental testing results was associated when treat-
ment with LRT was initiated in early infancy with an average
increase of 21.9 points on developmental testing. These
results highlight the importance of an early diagnosis and
initiation of treatment with both pyridoxine and LRT. PDE-
ALDHT7AI1 joins other neurotoxic biochemical genetic
conditions such as phenylketonuria and cystathionine
p-synthase—deficient homocystinuria where early initiation
of a dietary intervention has a well-established effect on
neurodevelopmental outcome.
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