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ABSTRACT

Introduction. Glutaric Aciduria Type 1 (GA1) is an inborn error of metabolism included in the expanded
newborn screening of the Philippines. This inborn error of metabolism is caused by glutaryl-CoA dehydrogenase
deficiency which is important in the catabolism of lysine, hydroxylysine and tryptophan.

Objective. This paper aimed to present the baseline data of patients with GA1 in the Philippines by describing
the clinical, biochemical, and radiologic characteristics of Filipino patients with biochemically-confirmed GA1 seen
at the Philippine General Hospital from January 2010 to December 2017. The cases of this condition have been
increasing and are expected to increase even more with the full coverage of the expanded newborn screening.

Methods. This study was a review of the medical records of the GA1 patients managed by the Division of Clinical
Genetics, Department of Pediatrics of the Philippine General Hospital (PGH). Biochemical parameters, developmental
assessment, neurologic assessment, and radiologic features of the patients were reviewed and analyzed.

Results. There were a total of 7 patients with GA1 at the PGH from January 2010 to December 2017. Of the 7
patients, 4 were diagnosed by expanded newborn screening (ENBS) and 3 patients had disease onset prior to
diagnosis. Clinical features noted in screened patients include global developmental delay (75%), seizures (50%),
dystonia (50%), truncal hypotonia (25%) and macrocephaly (25%). In unscreened patients, macrocephaly was present
in 66.67 %, while the other clinical features were present in all of them. Four of the 7 patients had infection and one
had vaccination, which may have led to a metabolic crisis and subsequent onset of symptoms. The plasma levels
of glutarylcarnitine (C5DC) range from 2.81 to 4.58 umol/L. Grossly elevated urinary excretion of glutarylcarnitine
were noted in all patients. Urinary glutaconic acid and 3-hydroxyglutaric acid were also detected in all patients.
Both striatal and extra-striatal abnormalities were present in screened and unscreened patients on neuroimaging.
The most common being the widening of the sylvian fissure, cerebral atrophy, and white matter abnormalities.

Conclusion. Although newborn screening of GA1 and initiation of early management of this condition have been
seen important, it is still prudent to continue the appropriate management and to provide timely aggressive
emergency treatment in order to improve outcome of patients with GA1. With the recent Philippine Health Insurance
(PhilHealth) coverage of the expanded newborn screening, it is expected that physicians will encounter more of
the metabolic disorders, including GA1. Hence, it is important that physicians be more aware of the presenting
signs and symptoms of this disorder, as well as its management, which can further improve the neurologic and
developmental outcomes of these patients.
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varied ranging from 1 in 4,896 in the Indian State of Andra
Pradesh; 1 in 45,000 in Singapore; to 1 in 202,127 in Japan.’
In the Philippines, there are no prevalence studies yet but
the first two cases of GA1 in the country were reported in
2011.* In December 2014, the Philippine newborn screening
program started offering the expanded newborn screening.
'This included screening of metabolic disorders, which include
GA1. As of December 2018, the cumulative prevalence of
GA1 in the Philippines, based on the data of the newborn
screening reference center, is 1:95,083 screened neonates.’

GA1 is an inborn error of metabolism detected by
the expanded newborn screening of the Philippines. This
inborn error of metabolism is caused by a deficiency in
an enzyme called glutaryl-CoA dehydrogenase which is
important in the catabolism of lysine, hydroxylysine and
tryptophan. Deficiency of this enzyme causes accumulation
of glutaric acid and glutaconic acid. Build-up of glutaric acid
in the brain has a cytotoxic effect and subsequently causes
cerebral atrophy and brain damage.® This in turn causes the
neurologic symptoms of untreated patients, which include
dystonia, seizures, and developmental regression. Before
the era of newborn screening in the country, this disorder
was not recognized. Local physicians, in general, are not
familiar with the recognition and management of this rare
disease. Management of these cases are limited to those
hospitals with a geneticist or a metabolic specialist familiar
with the disorder. With the increasing coverage of ENBS,
familiarization of its recognition is very important.

Hence, this study aimed to provide a more detailed
report on the local data on Filipino GA1 patients in order
to inform the medical community about its existence in the
Filipino population. Early diagnosis of GA1 is very critical
since aggressive management in the pre-symptomatic period
may prevent the progressive and irreversible neurological
damage and reduce radiologically and clinically evident basal
ganglia injury.®’

METHODS

Research design and Setting

This study was approved by the University of the
Philippines Manila Research Ethics Board. It involved a
review of medical records of GA 1 cases seen by the Division
of Clinical Genetics, Department of Pediatrics, Philippine
General Hospital. Participants were identified from the list
of GA1 patients of the Division of Clinical Genetics of the
Department of Pediatrics, PGH.

Charts of GA1 patients were retrieved and reviewed.
'The patients were grouped as to either patients with complete
work-up or patients with incomplete work-up.

Patients with complete work-up were the GA1 patients
who had a developmental assessment by a developmental
pediatrician, neurologic assessment by a pediatric neurologist,
and cranial imaging. For these patients, the charts were
reviewed and analyzed. One patient, on the other hand,

had an incomplete work-up due to the absence of a formal
developmental assessment by a developmental pediatrician.
Unfortunately, the patient already expired years ago.
Information regarding clinical data was kept under
lock and key in the Clinical Genetics Unit of the Institute
of Human Genetics wherein only the study proponent had
access. The database contained information such as subjects’
names, addresses, ages, and diagnoses. This information was
kept secure by a protected password and access to personal
identifiers was limited to the study proponent only.

Study Participants

'This study involved a review of charts and examination of
Filipino patients confirmed to have GA1 from January 2010
until December 2017. The diagnoses were based on either
clinical presentation or ENBS and were both confirmed
by urine organic acids and/or plasma acylcarnitine profiles.

Data collection

Data on the patients' anthropometrics, date of birth, date
of diagnosis, date of the first symptoms and clinical features
such as neurologic signs were obtained from the medical
records of the Philippine General Hospital and the Institute
of Human Genetics, National Institutes of Health-Manila
(IHG-NIH) using a data collection form. Biochemical
parameters, developmental assessment, neurologic assessment,
and radiologic features were reviewed. Biochemical
parameters included results of newborn screening from
dried blood spots via tandem mass spectrometry, plasma
acylcarnitine profiles via liquid-chromatography-tandem
mass spectrometry and urinary organic acid profiles via
gas chromatography/mass spectrometry. Neuroimaging
findings, either via cranial computed tomography (CT) scan
or magnetic resonance imaging (IMRI), were also recorded.
Formal developmental assessment was done using the
Batelle Developmental Inventory (BDI) second edition.

Method of data analysis

Quantitative patient characteristics were summarized
by means and standard deviations (SDs). Qualitative
characteristics such as clinical features and radiologic
findings were presented as a frequency distribution.

RESULTS

There were a total of 7 patients with Glutaric Aciduria
Type 1 at the PGH from January 2010 to December 2017.
Of the 7 patients, 6 are living and 1 was deceased due to a
systemic infection. Patients 1, 2, 4, and 7 were diagnosed
by ENBS (Table 1). Patients 3, 5, and 6, on the other hand,
were not screened and had disease onset prior to diagnosis
(Table 2). The mean age of patients at diagnosis was earlier
for GA1 patients diagnosed via ENBS by more than a
year. The mean age of crisis onset, on the other hand, was
earlier for those not screened at 3.3 months of age.
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Table 1. Clinical characteristics of Filipino GA1 patients diagnosed via expanded newborn screening

ATER Age at Associated
Patient Year at Diagnosis Crisis Inter-current Macrocephaly* Seizure Dystonia Truncal GDD initial GDD on
diagnosis 8 Onset Infection/ phaly Y Hypotonia evaluation re-evaluation
(months) N
(months)  vaccination
1 2016 ® 1 2 - - - -
2 2017 @ 1 4 Acute + - +
Gastroenteritis
& Vaccination
4 2017 ® 1 8 Acute - + + + +
Gastroenteritis
Pneumonia
7 2018 ® 1 - - - - - - -

Average
Frequency

(50 %)

(25 %)

2/4
(50 %)

2/4
(50 %)

1/4
(25 %)

2/4
(50 %)

3/4
(75 %)

*

- Macrocephaly (>97t percentile) on initial evaluation
@ - expanded newborn screening is already available starting 2014
(+)- GDD but with no formal assessment

Table 2. Clinical characteristics of Filipino GA1 patients diagnosed via clinical presentation

Age at Age at Associated
q Year at Ageat, Crisis Inter-current o q . Truncal GDD initial GDD on
Patient o . Diagnosis = Macrocephaly* Seizure Dystonia . A .

diagnosis Onset Infection/ Hypotonia evaluation re-evaluation
(months) NI

(months)  vaccination

3 2016 ® 6 1 Pneumonia

5 2010 24 7 Pneumonia

2011 10 2 -

Average

Frequency 2/3

(66.67%)

(66.67%)

nd

3/3
(100%)

3/3
(100%)

3/3
(100%)

3/3
(100%)

2/2
(100%)

nd- no data (deceased patient)

*

- Macrocephaly (>97t percentile) on initial evaluation
@ - expanded newborn screening is already available starting 2014
(+)- GDD but with no formal assessment

Despite early diagnosis and management, 2 of the
4 (50%) patients who underwent ENBS had global
developmental delay (GDD) on initial developmental
assessment. On re-evaluation, 3 of these 4 (75 %) have global
developmental delay. Macrocephaly and truncal hypotonia
were present in 1 of 4 patients (25%) while seizures and
dystonia were present in 2 of 4 patients (50%).

Seizure, truncal hypotonia and dystonia were present
in all three patients who were not screened. Macrocephaly
and global developmental delay were present in 2 of them.
Data of formal assessment was lacking for the deceased
patient (patient 6), but clinical notes suggested global
developmental delay as well.

All patients had a head circumference of >75% percentile
on initial assessment. Four of the 7 patients had concomitant
infection prior to the onset of symptoms, such as seizures
and dystonia. One of them had vaccination one day prior
to disease onset.

On initial formal developmental assessment, 2 patients
(patients 1 and 7) were at par with age. Four of the patients
(patients 2, 3, 4 and 5) were already with GDD. Adaptive

and cognitive domains were primarily affected. Motor
domains were affected more than the language domains.
On reassessment, only 1 patient was at par with age.
The rest have global developmental delay.

The plasma level of C5DC varies in patients from
2.81 to 4.58 umol/L. Grossly elevated levels of urinary
glutaric acid were noted in all patients (Table 3). Urinary
glutaconic acid and 3-hydroxyglutaric acid were also detected
in all patients, either slightly elevated or in trace amounts.

Neuroimaging done on patients with GA1 showed both
striatal and extra-striatal findings (Table 4). Two patients,
one screened and one unscreened, presented with striatal
injuries on neuroimaging done after onset of neurologic
symptoms. All of the patients, both screened and unscreened,
have extra-striatal abnormalities. (Figures 1 and 2) The
expansion of CSF spaces, exemplified by widening of the
sylvian fissures (6/7), fronto-temporo-parietal sulci (2/7)
and the prominent sub-arachnoid spaces (1/7), was the
most common extra-striatal abnormality. Cerebral atrophy
and signal abnormalities of the white matter were present
in 3 of 7 (42.86%) patients.
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Figure 1. Cranial CT scan images of patient 3 at 5.5 months old. (A) porencephalic cyst right, (B) left frontoparietal subdural
effusion. (C) and (D) show fronto-parietal atrophy.

Figure 2. Cranial MRI images of patient 7 at 4.5 months old. (A,B,C,D) show prominent CSF spaces pronounced in the sylvian
fissures, bilateral anterior temporal poles, and superior cerebellar cisterns.

Table 3. Biochemical characteristics of GA1 patients obtained from urine organic acid profile, plasma acylcarnitine profile, and
expanded newborn screening results

Characteristics Patients diagnosed via ENBS  Patients diagnosed by clinical presentation

Urinary Organic Acid Profile Frequency (n=4) Frequency (n=3)

Glutaric Acid 4 (100%) 3 (100%)

Glutaconic Acid 4 (100%) 3 (100%)

30HGA 4 (100%) 3 (100%)

Adipate 4 (100%) 3 (100%)
Suberate 0 2 (66.67%)
3-Hydroxyisovalerate 0 1(33.33%)
3-hydroxybutyrate 0 1(33.33%)
Plasma Acylcarnitine Profile Reference Value Mean, (SD) Mean, (SD)

C5DC (umol/L) 0.02-0.16 umol/L 3.64 +0.89 nd
Expanded Newborn Screening results Reference Value Mean (n=5), (SD)

C5DC (umol/L) < 0.31 umol/L 455+221

C5DC/C4 (umol/L) < 1.43 umol/L 2447 £ 9.61

C5DC/C8 (umol/L) < 5.32umol/L 96.89 + 28.47

C5DC/C12 (umol/L) < 9.91 umol/L 57.27 £ 11.38

C5DC/C16 (umol/L) < 0.28 umol/L 1.84 +0.40

C6DC (umol/L) <0.24 umol/L 1.84 +0.18
nd- no done
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Table 4. Neuroimaging characteristics of GA1 patients

Patients diagnosed via ENBS

Characteristics

Patient 1 Patient 2 Patient 4 Patient 7
CT scan MRI

CTscan CTscan

6 4.5
months months
(after (after
crisis) crisis)

Type of Neuroimaging

Age imaging was done
(patient condition)

Striatal Abnormalities

months
(after
crisis)

Characteristics of Filipino Patients with GA 1

Patients diagnosed by
clinical presentation
Patient 3 Patient 5 Patient 6

CTscan CTscan MRI
5.5 22 6
months months months

(after (after (after
crisis) crisis) crisis)

Frequency Frequency

4.5
months
(well)

Lacunar infarct (caudate lesion) + - - 1(25 %) - - - 0
Basal ganglia signal abnormalities - - - 0 - - 1(33.33 %)
Subthalamic signal abnormalities - - - 0 - - 1(33.33 %)
Extra-striatal Abnormalities

Sylvian fissure widening - + 3(75%) + + 3 (100 %)
Cerebral atrophy - - 2 (50 %) - - 1(33.33%)
Abnormalities of the white matter + - + 2 (50 %) - - + 1(33.33%)
Prominence of cortical sulci - 2 (50 %) - - - 0
Brainstem atrophy - - 1(25 %) - - 1(33.33%)
Fluid collection cerebral convexity - - - 1(25 %) - + - 1(33.33%)
Prominent or dilated ventricles - - 2 (50 %) - - - 0
Prominent subarachnoid spaces + - 2 (50 %) - - - 0
Signal abnormalities on the dorsal brainstem - - - 0 - + - 1(33.33%)
Subdural hematoma - - - 0 - - + 1(33.33%)
Subdural effusion - - - 0 + - - 1(33.33%)
Thalamic lesion - - - 0 - + - 1(33.33%)
Prominent superior cerebellar cistern - - + 1(25 %) - - - 0

DISCUSSION

This is a descriptive study of Filipino patients with
Glutaric Aciduria Type 1. The first 2 patients with GA1
in the Philippines discussed in a case report in 2011 are
included in this study. It has been reported that early
diagnosis and initiation of appropriate management of
GA1 patients is associated with a better outcome.” Due
to the limited number of cases, comparison of outcomes
among screened and unscreened patients is hard to do in this
small cohort of patients. However, it may still be prudent to
compare these patient groups. It is seen in previous studies
that the clinical evolution of patients detected by NBS
appears to be favourable.®

The detection of glutarylcarnitine (C5DC) in dried
blood spots (DBS) is the primary marker used for GA1 in
ENBS.? For those who underwent ENBS (patients 1, 2, 4,
and 7), C5DC was around 14 to 15 times elevated from the
reference value. Sensitivity of ENBS via C5DC levels was
noted to be about 95%.% This screening may fail to detect low
excretors, which may have normal or only slightly increased
C5DC concentrations. Hence, it is advised to repeat a
pathologic DBS and be confirmed via one or more alternative
techniques.” In the Philippines, the diagnosis for all GA1
patients was done through confirmatory tests namely urine
organic acids and/or plasma acylcarnitines. C5DC levels

in our patients who underwent plasma acylcarnitine
showed elevated values. Urine organic acid profiles showed
grossly elevated GA on all patients. This data shows that all
our patients had high excretory GA1 profile in the urine.
Glutaconic acid and 30HGA were also noted on all our
patients with GA1. Parallel measurement of C5DC, GA
and 30HGA increases specificity of these diagnostics.®

Among the clinical features associated with GA1l
patients, macrocephaly may be one of the earliest signs. In
most reports, macrocephaly is present in 65-75% of pre-
symptomatic GA1 patients.®In our patients who underwent
ENBS, only one had macrocephaly on initial assessment.
'The other three screened patients had a head circumference
>75™ percentile and had no associated signs and symptoms.
These patients were started on our treatment protocol for
GA1, which include starting patients on a protein-restricted
diet (natural protein at 1.5 grams per kilogram per day)
and on L-carnitine supplementation at 100 milligrams
per kilogram per day. Metabolic dieticians were tapped to
provide guidance in the daily dietary needs of our patients
adequate to promote growth and development. The patients
were also provided with a special milk formula devoid
of lysine and tryptophan, to give adequate caloric intake
despite protein restriction.

Dystonia, truncal hypotonia and seizures were also
common in our GA1 patients after the onset of an acute
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metabolic crisis or a catabolic state. Truncal hypotonia is at
25% (1 of 4) of screened patients while dystonia and seizures
presented in 50% of screened patients. All unscreened
patients had truncal hypotonia, seizure and dystonia. Seizure
was apparently a common long-term complication of GA1.
In a cohort of South African GA1 patients, seizure is
present in 66.67% of patients.? In our cohort, five patients
had seizures (71.43 %) and it is yet to be assessed if they
can be tapered off from anti-epileptic drugs (AEDs) later on.
Dystonia, as frequently reported, occur commonly in GA1
patients. It is usually accompanied by truncal hypotonia as
well, as in patients 3, 4, 5 and 6.2 Patients 2, 3, 4, and 5 had
dystonia after an illness, like pneumonia or gastroenteritis,
and even vaccination. To note, patients 2 and 4 were
diagnosed and managed early and pre-symptomatically.
'This shows that complications can still ensue despite early
diagnosis and management. However, even in the absence
of a metabolic crisis, onset of dystonia is possible, just like
in patient 6; although diagnosis and management for the
patient was delayed.” From this data, it is apparent that the
features are primarily neurologic. To prevent permanent
neurologic injuries and progressive neurologic deterioration,
proper precautions and good metabolic control especially
during stressful conditions should be enforced.® Also,
emergency treatment protocol should be initiated promptly.
'This includes prevention of the catabolic state by giving high
caloric diet, reduction of GA and 30HGA production by
omission of natural protein for 24 to 48 hours, amplification
of the physiologic detoxification mechanism and
prevention of secondary carnitine depletion by L-carnitine
supplementation, and maintenance of normal fluid, pH
and electrolytes via enteral or intravenous fluids.”!
Developmental profiles of our GA1 patients showed that
majority had global developmental delay. In a study on the
neurodevelopmental profiles of GA1 patients done in 2014,
it was seen that GA1 affects fine motor skills and speech,
regardless of early treatment and 1Q_scores. Weaknesses in
fine motor were attributed to striatal and fronto-temporal
pathology, which were primarily involved in motor skills
and motor planning. Speech and language problems were
also related to a motor planning deficit which affects
oral-motor skills. In addition, it was observed that early
neuropsychological and speech assessments and therefore
speech therapy improved speech in GA1 patients.” These
show that in addition to dietary management and medical
therapy initiated in GA1 patients, appropriate therapies
can make the outcome of patients more favourable.
Comparing the outcomes of those screened versus
those who were not screened, there was a noted difference
at diagnosis since two screened patients were initially
developmentally at par with age while the unscreened
patients had GDD. Also, on initial evaluation of our
screened patients, they were all well and presented with
no neurologic symptoms. Although this cannot be inferred
statistically for now, this can be revisited when a significant

number of patients are attained. However, it is quite apparent
that early detection and management of our patients may
initially improve outcome. Based on the experience of
newborn screening of GA1 in Taiwan, it is early diagnosis
and full compliance of treatment guidelines which are
deemed important to have good outcome.™

Radiologic features of GA1 patients can be grouped to
either striatal or extra-striatal. Striatal abnormalities, together
with macrocephaly and fronto-temporal abnormalities are
highly suggestive of GA1."3 In patient 1, there was a note
of lacunar infarct in the left caudal nucleus, which is a part
of the dorsal striatum. In previous studies, signal changes of
the striatum were the most specific MRI abnormalities with
acute onset of motor dysfunction. However, this correlation
with striatal changes with movement disorders has not been
seen. Patient 1, although with striatal features, does not have
dystonia or movement disorders. For those with dystonia,
only patient 5 had striatal features. Recent insight on the
pathophysiology of dystonia is that it is a circuit disorder
and it is not only the basal ganglion which is affected. It also
affects the thalamo-cortical connections, the brainstem, and
the cerebellum.” At present, although some correlation can
be made between the presence of dystonia and the radiologic
features, the understanding of the pathophysiology of
dystonia is still incomplete. Extra-striatal abnormalities,
which are more common in our patients, both screened and
unscreened, may be present even without a crisis. Some of
these abnormalities are related to age, appear to manifest
after a distinct time pattern, and represent a maturational
delay resolving with age rather than due to a brain injury.™*
Hence, these extra-striatal findings may not necessarily be
due to a metabolic crisis.

A multidisciplinary approach of care was also given
to the patients. Depending on the need, they were advised
physical, occupational and speech therapy. In a study on
GA1 patients, it was observed that there’s improved speech
following speech therapy. Hence, it was suggested that
patients with neuropsychological and speech assessments
be done early on so that early and appropriate intervention
may be done."

In addition to carnitine supplementation, anti-dystonia
drugs and AEDs had been used in GA1 patients. Of our
7 patients, only patient 5 was prescribed with baclofen,
which is one of the most widely used drug for dystonic
movements in GA1. Its use, however, is limited for children
with prominent axial hypotonia due to worsening of reduced
muscle tone. Improvement for our patient is difficult to assess
for now as there are compliance issues. For our patients
with seizures, Phenobarbital was used for maintenance.
Although no study yet has analyzed the effectiveness of
AEDs in GA1, the choice of AEDs should still be based
from the semiology of the seizure.’

There are some identified challenges noted in the
care of patients with GA1l in our cohort which might
have contributed in the outcome of our screened patients.
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Despite being started on the appropriate management,
aggressive emergency treatment was sometimes delayed. It
being a rare metabolic condition, patient management was
likewise sometimes suboptimal because of financial and
compliance issues. Hence, the importance of counselling
cannot be over-emphasized at every clinic visit which
provides an opportunity to empower the families caring for

GA1 patients.
CONCLUSION

GA1 patients present with macrocephaly, seizures,
dystonia, truncal hypotonia, and global developmental
delay. Biochemical features include elevated plasma C5DC,
and the presence of urinary glutaric acid, glutaconic acid
and 3-hydroxyglutaric acid. Radiologic features include
striatal and extra-striatal abnormalities on neuroimaging,
the most common being the widening of the sylvian fissure,
cerebral atrophy, and white matter abnormalities. Although
those diagnosed via expanded newborn screening were
initially well, majority still had seizures, dystonia, truncal
hypotonia, and global developmental delay. This only shows
that although appropriate and timely management were
initiated, aggressive emergency treatment should never
be delayed.

With the data presented on Filipino GA1 patients,
a better understanding of the condition is expected to
translate into better care. With the full ENBS coverage in
the country, it is anticipated that physicians will encounter
more of these metabolic disorders, including GA1. Being
more cognizant of the presenting signs and symptoms
of this disorder, as well as its management, it is foreseen
that the neurologic and developmental outcomes of these
patients will be improved.
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