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presenting as orthostatic tremor: a case report
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Abstract

Background: Orthostatic tremor (OT) is a type of postural tremor of the lower extremities that has not been
described in either phenylketonuria (PKU) or hyperphenylalaninemia (HPA). Because little is known about the clinical
features and therapeutic responses of OT in mild HPA, we describe a mild HPA patient who presented with OT as an
initial symptom.

Case presentation: A 22-year-old male was admitted for bilateral leg tremor while standing, with symptom onset
eight months prior. One month before admission, the tremor disappeared in the left leg but persisted in the right
leg. Electromyography recorded from the right gastrocnemius revealed a 6-8 Hz tremor, which appeared when the
patient was standing and disappeared when he was resting or walking. Blood screening showed a phenylalanine/
tyrosine ratio of 2.06 and a phenylalanine level of 140 umol/L. Urine metabolic screening was negative. Whole-exome
sequencing confirmed the presence of a compound heterozygous mutation, c.158G> A and ¢.728G > A, in phenylala-
nine hydroxylase (PAH) gene. After three months of levodopa/benserazide tablets (250 mg, tid) and a low-phenylala-
nine diet treatment, the tremor disappeared.

Conclusions: Young-onset mild HPA is a relatively rare autosomal recessive metabolic disease, and slow OT is a rare
clinical feature. Metabolic screening and genetic testing are the keys to early diagnosis and treatment. For adolescents

expanded the disease spectrum of slow OT.

mutation

and young adults, appropriate medication and long-term dietary therapy remain important treatments. This case
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Background

Mild hyperphenylalaninemia (HPA) is a phenotype
of phenylketonuria (PKU), which can be divided into
three types, namely, typical PKU, mild PKU, and mild
HPA, based on the blood concentration of phenylala-
nine before treatment [1]. Tremor is found in 5% to 28%
of PKU patients [2]. Most of these patients present with
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high-frequency postural and kinetic tremor of the dis-
tal upper extremities, with a rare occurrence of lower
extremity tremor [3]. Orthostatic tremor (OT) is a type
of postural tremor of the lower extremities that has
not been described in either PKU or HPA. Because lit-
tle is known about the clinical features and therapeutic
responses of OT in mild HPA, we describe a mild HPA
patient who presented with OT as an initial symptom.

Case presentation

A 22-year-old man presented with leg tremor in stand-
ing position for the previous 8 months. This tremor was
initially bilateral, but 7 months after development, it sub-
sided in the left leg and persisted only in the right leg. No
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tremor was evident when the patient was walking, reclin-
ing, or in a non-weight-bearing position. He denied any
falls and had no unsteadiness. There were no other com-
plaints, and the patient had no significant medical history
or family history of tremor.

On examination, he showed incessant quivering in
his right leg while standing, but the tremor disappeared
when he was asked to walk, sit, lie down, or lean against
the wall for support (Video 1). There was no resting or
postural tremor of upper limbs. Bilateral tendon reflexes
were diminished, and there was no plantar response.
Auscultation over the right popliteal fossa while the
patient was standing revealed the “helicopter sign’, a
sound similar to a helicopter, indicating OT. All other
components of neurological examination were normal.
Laboratory tests, including routine blood tests, blood
biochemistry, vitamin B12, thyroid hormone, rheuma-
toid factor, antinuclear autoantibody, anti-cardiolipin
antibody, and anti-neutrophil cytoplasmic antibody
tests, were normal. Furthermore, the tests of the blood
and cerebrospinal fluid samples, including tests for
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anti-paraneoplastic antibodies, autoimmune antibodies
and anti-ganglioside antibodies, were all normal. Brain
MRI revealed mild, asymmetrical, non-enhancing white
matter lesions, mainly in the right frontal and posterior
periventricular regions, on T2-weighted imaging (Fig. 1).
No abnormal signal was found in spinal cord on MRL
Chest CT was normal except for a residual thymus gland.
Fluorodeoxyglucose (FDG)-PET was performed, and no
abnormal metabolism was identified. Electroencepha-
lography (EEG) was normal. Electromyography (EMG)
recorded from the right gastrocnemius revealed a 6-8 Hz
tremor, which was present when the patient was standing
and disappeared when he was resting or walking (Fig. 2),
and no abnormalities were found in the left leg. These
features were consistent with slow OT.

Considering the clinical presentation and imaging
findings, blood and urine metabolic screening was per-
formed. These tests showed a phenylalanine/tyros-
ine ratio of 2.06 and a blood phenylalanine level of
140 pmol/L, while there was no phenylalanine in the
urine. Whole-exome sequencing with next-generation

Fig. 1 T2 brain MRI revealed mild, asymmetrical, non-enhancing white matter lesions, mainly in the right frontal (A) and posterior (B) periventricular

regions
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tremor

Fig. 2 EMG recording from the lower limbs while the patient was standing. Recordings from the right gastrocnemius muscle revealed a 6-8 Hz
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sequencing (NGS) technology confirmed the presence
of a compound heterozygous mutation in c.158G>A
and c.728G > A of the phenylalanine hydroxylase (PAH)
gene. Pedigree verification showed that the compound
heterozygous variants were inherited from the parents as
follows: ¢.158G > A from his mother and ¢.728G > A from
his father. The patient’s final diagnosis was OT secondary
to mild HPA.

Our patient had not received any relevant interven-
tions prior to admission. Based on the above diagnosis,
we tried clonazepam (1 mg, qd), carbamazepine (100 mg,
qd), and trihexyphenidyl (2 mg, tid) in sequence, but
there was no clinical response to these treatments. After
discharge, the patient was treated with levodopa/benser-
azide tablets (250 mg, tid) and a low-phenylalanine diet.
One month later, the tremor was markedly alleviated.
Three months later, the tremor disappeared (Table 1).

Discussion and conclusion

PKU was first reported in 1934 and is caused by muta-
tion of PAH gene, which results in the accumulation of
phenylalanine to neurotoxic levels. Patients with blood
phenylalanine concentrations of 120-600 pumol/L before
treatment are classified as having mild HPA [1]. PAH
function and activity depend on the mutation site, with
different sites resulting in different severities of clinical
phenotypes. Clinical symptoms of PAH ¢.728G > A muta-
tion are relatively mild, often emerging in adulthood, and
are never reported as OT. Tremor in the lower limbs or
trunk in a standing position is called OT [4]. Slow OT
has a tremor frequency below 13 Hz and is frequently
associated with some other neurological signs. Differ-
ential diagnosis of slow OT include Parkinson’s disease,
encephalitis, hyperthyroidism, orthostatic myoclonus
syndrome, etc. In this case, neither the clinical character-
istics nor the laboratory results supported the presence
of these diseases. According to the consensus statement
on tremor classification of the Tremor Working Group of
the International Parkinson’s and Dyskinesia Association

Table 1 Treatment and effects
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[4], the patient was ultimately diagnosed with slow OT
secondary to mild HPA.

Slow OT still has an unclear pathogenetic origin; the-
ories include a central oscillatory network, an altered
cerebello—thalamo—cortical network, neurodegenera-
tion, and a dopaminergic deficit [5-7]. Although there
was neither cerebellar volume change nor abnormal
metabolism on FDG-PET in our case, there is an accu-
mulating body of evidence suggesting a key role of the
cerebellum and related areas in its pathophysiology. For
example, Kristina A et al. reported that individuals with
early-treated PKU had reduced cerebellar grey matter
volume, which was impacted by PKU, and M. Seki found
that N-isopropyl-P-['*IJiodoamphetamine  (*?*I-IMP)
single-photon emission computed tomography (SPECT)
showed diffuse hypoperfusion in the cerebellum in PKU
patients [8, 9]. On the other hand, phenylalanine is trans-
ported by L-amino acid transporter 1 (LAT1). Precur-
sors of tyrosine, dopamine and norepinephrine are also
transported by LAT1. A high blood concentration of
phenylalanine can competitively inhibit the function of
this transporter, thus affecting the synthesis of a vari-
ety of intracranial neurotransmitters, such as dopamine,
leading to neural dysfunction [1]. This would be a pos-
sible mechanism for HPA-induced damage to the brain.
In PKU, the ability to convert phenylalanine to tyrosine
is reduced, leading to an increased concentration of phe-
nylalanine and a decreased concentration of tyrosine. As
the phenylalanine: tyrosine ratio increases, dopamine
levels may decrease. Based on the above reasons, we
tried levodopa/benserazide (250 mg, tid) and a low-phe-
nylalanine diet for treatment and achieved good results,
which verified that dopamine deficiency was part of the
mechanism.

Current American and European guidelines cover-
ing all aspects of PKU recommend starting treatment at
blood phenylalanine concentrations above 360 pumol/L
[10, 11]. Current US guidelines are based on the idea
that the closer the phenylalanine concentration is to the
physiological level, the better the outcome will be [12].

Timeline Treatment Assessment
D10 Admission Clonazepam (1 mg, gd) for 7 days Absent
D17 Admission Carbamazepine (100 mg, qd) for 7 days Absent
D24 Admission Trihexyphenidyl (2 mg, tid) for 7 days Absent
D31 Admission Levodopa/benserazide tablet (250 mg, tid), low-phenylalanine diet for 1 day Absent

Follow-up visit 1 month after discharge
30 days
Follow-up visit 3 months after discharge
90 days

Levodopa/benserazide tablet (250 mg, tid), low-phenylalanine diet for

Levodopa/benserazide tablet (250 mg, tid), low-phenylalanine diet for

The tremor alleviated obviously

The tremor disappeared
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Dietary phenylalanine restriction is the main therapy.
In this case, the clinical manifestations of OT appeared
when the concentration of phenylalanine was only
140 pmol/L. After one month of a low-phenylalanine diet
and levodopa/benserazide tablet treatment, the tremor
symptoms improved significantly. Therefore, it is benefi-
cial for patients to start treatment when they have clinical
symptoms, even if their blood phenylalanine concentra-
tion is below 360 pmol/L.

On follow-up, no measurement of phenylalanine con-
centration was obtained after resolution of the tremor,
which makes it difficult to further verify the pathogen-
esis; this might be one limitation of the present case
report. In this case, the patient’s symptoms were not alle-
viated immediately after levodopa/benserazide adminis-
tration, which might be related to the low starting dose of
dopamine and the long-term neurotoxicity of HPA. Relief
of tremor symptoms might not occur until the tyrosine
level falls to a sufficiently low level. Decreased blood
tyrosine levels might have played a key role in the disap-
pearance of this patient’s symptoms after a relatively long
period of treatment with a low-phenylalanine diet. This
is consistent with our hypothesis regarding the patho-
genetic mechanism. Whether the levodopa/benserazide
treatment or the low-phenylalanine diet treatment played
a more important role in the disappearance of slow OT
symptoms in this patient needs to be further investigated.

Mild HPA with young onset is a relatively rare autoso-
mal recessive metabolic disease, with slow OT as a rare
clinical feature. Metabolic screening and genetic testing
are the keys to early diagnosis and treatment. For ado-
lescents and young adults, appropriate medication and
long-term dietary therapy remain important treatments.
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