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Abstract:

Paroxysmal exercise-induced movement disorders may be caused by energy metabolism
disorders, such as Glut 1 deficiency, pyruvate dehydrogenase deficiency or mitochondrial
respiratory chain disorders. A 4-year-old boy with a history of febrile seizures presented with
paroxysmal dystonia, triggered by exercise, or occurring at rest. Additional investigations
demonstrated pallidal hyperintensities on brain MRI and low CSF glucose. Pyruvate and lactate
were elevated. The clinical presentation, combined with neuroimaging abnormalities and
biochemical profile (the lactate/pyruvate ratio) were clues to pyruvate dehydrogenase

deficiency, a treatable metabolic disorder with neurological presentations.
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Pearls:

e Paroxysmal exercise-induced movement disorders and seizures may be caused by
energy metabolism disorders, such as Glut 1 deficiency, pyruvate dehydrogenase (PDH)
deficiency or mitochondrial respiratory chain disorders.

e Abnormal MRI brain with Leigh-like features can be seen in mitochondrial respiratory
chain disorders and pyruvate dehydrogenase deficiency

e Lactate to pyruvate (L/P) ratio higher than 20 is suggestive of mitochendrial respiratory

chain dysfunction. A normal L/P ratio (< 20) is seen/PDH deficiency.

Oysters:

e Low Glucose CSF values do not necessarily equate Glut-1 deficiency. The level matters:
in 90% of cases, it is < 40 mg/dl.

e An elevated CSF lactate argues against Glut-1 deficiency.

Case Report

A 4-year-old boypresented with spells of imbalance associated with dystonic posturing of his
legs. He was bornat term with unremarkable antenatal and perinatal history. Hypotonia and
plagiocephaly were noted in his first year of life, the latter improving with helmet therapy. He
had mild motor delay but caught up on developmental milestones with occupational and
physical therapy. He demonstrated normal language and social-emotional development. In his

second year of life, he developed an upper extremity postural tremor and had three
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uncomplicated febrile seizures. Initial investigations including EEG, basic laboratory and

neuroimaging were non-diagnostic, and he was not treated.

At age 4, he presented with episodes of gait difficulty, manifested by “turning in” of one or both
feet, sometimes with imbalance. The episodes would occur daily and could last several minutes.
The most consistent trigger was exercise (e.g., walking a mile to school), but they could also
occur in the setting of fatigue, after meals or without a clear reason. (Video 1) Occasionally, he
voiced an ill-defined prodromal sensation that heralded an episode. Carbamazepine was tried

empirically but was unhelpful and worsened his tremor.

On examination, he was a well-nourished boy, with age-appropriate language, motor, and
social skills. There was a postural and kinetic tremor in'the upper extremities, without
dysmetria or gait ataxia. The remainder of the neurological examination was normal. No
dystonic events were elicited during the exam or after brief exercise. Family history was notable
for a sibling with autism and ADHD; his mother had seizures secondary to a brain concussion.
Laboratory investigations demonstrated elevation of serum pyruvate (0.221 mmol/L).
Cerebrospinal fluid glucose was low at 48 mg/dI, CSF lactate (4.3 mmol/L) and alanine (59.2
mcmol/L) were elevated; full laboratory data detailed in eTable 1. Brain MRI was notable for

bilateral pallidal hyperintensities (Figure 1).

Based on the presence of paroxysmal exercise-induced dyskinesia (PED), a disorder of energy

metabolism was suspected. Suspicion was highest for GLUT-1 deficiency syndrome (GLUT1-DS).
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Therefore, a targeted gene panel including the SLC2A1 gene was ordered. However, it resulted
negative. Follow-up testing with whole exome sequencing and mitochondrial DNA analysis
demonstrated a pathogenic variant in PDHA1 (NM_000284.4: c.214C>T; p.R72C), yielding the
diagnosis of pyruvate dehydrogenase complex deficiency. The patient was placed on thiamine

and a modified ketogenic diet, with complete improvement in his spells.

Discussion

Paroxysmal Exercise-induced Dyskinesia

PED is a genetic heterogeneous condition characterized by recurrent episodes of sudden,
involuntary movements induced by prolonged éxercise. * Patients-may present with variable
combinations of dystonia and/or chorea; most notably in the limbs involved with the exercise. 2
The exact amount of exercise necessary to induce an attack is not well defined. Typical attack

duration may range from 5-30 minutes, however, this can be quite variable.?

Pathogenic heterozygous mutations in the SLC2A1 gene, encoding for the GLUT-1 transporter
and causative of GLUT1-DS;are the main cause of PED. 34 Nevertheless, the differential
diagnosis includes several other conditions. Of particular relevance to this case are disorders
involving brain energy metabolism such as pyruvate dehydrogenase deficiency and
mitochondrial dysfunction. The latter can occur either due pathogenic mutations in nuclear
genes relevant for mitochondrial function (such as ECHS1, HIBCH, PRKN) or mtDNA mutations

3,5-7

leading to respiratory chain defects. Additionally, pathogenic variants in genes associated

with other paroxysmal dyskinesia subtypes (e.g., PRRT2, MR1, ADCY5, TBC1D24) or
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dopaminergic deficits (e.g., GCH1) can also present with PED, often with additional

phenomenology.

Diagnostic traps and tips

This case illustrates a few pitfalls when investigating patients with PED in the context of
suspecting GLUT1-DS. Firstly, imaging abnormalities are not typically seen in GLUT1-DS.
Changes compatible with Leigh-like syndrome (symmetrical T2/FLAIR hyperintense lesions in
the basal ganglia and/or brainstem), such as depicted in Figure 1, can be seen in pyruvate

dehydrogenase deficiency and mitochondrial disorders.

Secondly, one should be careful about obtaining and interpreting CSF glucose results,
especially if they are borderline. The absolute cut-off value for hypoglycorrachia in children is
variable, so comparing values to age-normative data can be informative. Absolute CSF glucose
values < 10" percentile for-age and CSF/Serum glucose ratio < 25t percentile for age have good
discriminatory value for GLUT1-DS, with published reference values. 8 In this case, the CSF
glucose level (48mg/dl) wasabove the 10™ percentile age cut-off value, and the CSF/Serum
glucose ratio (0.56) was exactly at the 25™ percentile. Notably, in about 90% of confirmed

GLUT1-DS cases, the absolute CSF glucose value is < 40mg/dl.

Lastly, CSF lactate levels may be helpful. In this case, CSF lactate was elevated, whereas in
GLUT1-DS, it is usually low or normal. ®° Elevations in lactate can be seen in variety of acquired

or genetic conditions. To aid in the differential diagnosis, the lactate to pyruvate (L/P) ratio can
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be informative.’® As with glucose, simultaneous serum measurements may be helpful as a

comparison.

Pyruvate is the by-product of glycolysis (Figure 2). Depending on homeostatic balance, a
fraction of the cytoplasmic pyruvate is interconvertible to alanine or to lactic acid. However, to
carry out cellular respiration, pyruvate must be transported to the mitochondrial matrix where
it is converted to Acetyl-CoA through the pyruvate dehydrogenase enzyme complex (PDH).
Acetyl-CoA then enters the Krebs Cycle, which produces reducing equivalents like nicotinamide
adenine nucleotide (NADH), a high-energy electron carrier to the electron transport chain (ETC).
The multiple subsequent electron transfers in.the ETC occurring during oxidative
phosphorylation ultimately produce ATP, with oxygen as the final electron acceptor and

generating NAD+ as a by-product.

Typically, pyruvate and'lactate are in equilibrium in the cell cytoplasm. This balance is
influenced by the concentrations of NADH and NAD+. If oxidative phosphorylation is
dysfunctional (due to geneticor acquired ETC defects), there is a decrease in NAD+ production.
This shifts the cellular NADH/NAD+ equilibrium and drives the lactate dehydrogenase enzyme
to produce more lactate with consequent increase in the L/P ratio. For many authors, an L/P
ratio > 20 is generally indicative of a defect in the ETC.? On the other hand, defects in PDH do
not affect the cellular NADH/NAD+ balance. Therefore, when there is dysfunction of the PDH
enzyme there are proportional accumulations of pyruvate and lactate, and the L/P ratio tends

to be normal (i.e. < 20). In our patient, the serum lactate/pyruvate ratio was 7.
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Pyruvate Dehydrogenase Deficiency (PDH)

The PDH complex is an enzyme assembled of different subunits encoded by the PDHA1, PDHB,
DLAT, PDHX and DLD genes. In 84% of cases, defects are caused by mutations in the PDHA1
gene, which is X-linked — although females may present with disease depending on the pattern
of X inactivation. Clinically, PDH deficiency affects mainly the central nervous system with
findings of congenital microcephaly, hypotonia, epilepsy, ataxia, and variable degrees of
developmental delay. Although there may be some clinical overlap, four clinical phenotypic
subtypes have been previously identified: paroxysmal motor symptoms and developmental
delay; episodic ataxia with peripheral neuropathy; acute brainstem/basal ganglia dysfunction
with a “Leigh-Like” MRI and Neonatal lactic acidosis with encephalopathy, facial dysmorphisms
and brain malformations. ” Nevertheless, the clinical spectrum of PDH disorders is expanding
with next-generation sequencing..Brain MRI'may show dysgenesis of the corpus callosum, and
bilateral basal ganglia with or without brainstem'T2 hyperintensities, suggestive of a Leigh-like
pattern. Metabolic abnormalities such as increased plasma pyruvate, lactic acidemia, increased

lactate in CSF, and metabolic acidosis can be present. 67

Treatment of PDH deficiency can be attempted by supplementing its co-factor thiamine or
substances that enhance PDH activity, such as dichloroacetate and phenylbutyrate. ***
3additionally, the ketogenic diet may provide an alternative energy supply to the brain. In our
patient, since instituting a modified Atkins diet (a less restrictive form of the ketogenic diet) his

paroxysmal symptoms improved significantly. His tremor was controlled with propranolol.
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Conclusion

This case exemplifies the importance of clinical phenotyping to inform pre- and post-test
probabilities when ordering and interpreting genetic testing results, which bear direct impact
on management. A low CSF glucose level led to an anchoring cognitive bias, overlooking clinical
clues such as neuroimaging and laboratory abnormalities. It also underscores that confirmation
of the molecular diagnosis in PED, as genotype informs treatment. For'example, the ketogeneic
diet can be useful in PDH deficiency and GLUT-1 DS, but can be detrimental in patients with

pathogenic mutations in ECHS1. *'**

Other genetic paroxysmal movement disorders may
benefit from specific treatment modalities, such carbamazepine in PRRT2 mutations, caffeine in

ADCY5 and levodopa in GCH1 and PRKN.

http://links.lww.com/WNL/C656

http://links.lww.com/WNL/C657

References:

1. Erro R, Stamelou M, Ganos C, et al. The Clinical Syndrome of Paroxysmal Exercise-
Induced Dystonia: Diagnostic Outcomes and an Algorithm. Mov Disord Clin Pract.

2014;1:57-61.

2. Clark CN, Weber YW, Lerche H, Warner TT. Paroxysmal exercise-induced dyskinesia of

the hands. Mov Disord. Mov Disord; 2012;27:1579-1580.

3. Danti FR, Invernizzi F, Moroni |, Garavaglia B, Nardocci N, Zorzi G. Pediatric Paroxysmal

Copyright © 2023 American Academy of Neurology. Unauthorized reproduction of this article is prohibited


http://links.lww.com/WNL/C656
http://links.lww.com/WNL/C657

Exercise-Induced Neurological Symptoms: Clinical Spectrum and Diagnostic Algorithm.

Front. Neurol. 2021.

4, Zorzi G, Castelloti B, Zibordi F, Gellera C, Nardocci N. Paroxysmal movement disorders in

Glut 1 deficiency syndrome. Neurology. 2008;71:146—-148.

5. Olgiati S, Skorvanek M, Quadri M, et al. Paroxysmal exercise-induced-dystonia within the

phenotypic spectrum of ECHS1 deficiency. Mov Disord. 2016;31:1041-1048.

6. Patel KP, O’Brien TW, Subramony SH, Shuster J, Stacpoole PW. The spectrum of pyruvate
dehydrogenase complex deficiency: Clinical, biochemical and genetic features in 371

patients. Mol Genet Metab. Elsevier Inc.; 2012;105:34-43.

7. Barnerias C, Saudubray J-M, Touati.G, et al. Pyruvate dehydrogenase complex deficiency:
Four neurological phenotypes‘with differing pathogenesis. Dev Med Child Neurol. John

Wiley & Sons, Ltd (10.1111); 2010;52:e1—e9.

8. Leen WG, Wevers RA, Kamsteeg E-J, Scheffer H, Verbeek MM, Willemsen MA.
Cerebrospinal fluid analysis in the workup of GLUT1 deficiency syndrome: A systematic

review. JAMA Neurol. American Medical Association; 2013;70:1440-1444.

9. De Vivo DC, Wang D. Glutl deficiency: CSF glucose. How low is too low? Rev Neurol

(Paris). Rev:Neurol (Paris); 2008;164:877—-880.

10. Saudubray J-M, Baumgartner MR, Walter J. Inborn Metabolic Diseases : diagnosis and
treatment. 6th Editio. Saudubray J-M, Baumgartner MR, Walter J, editors. Berlin:

Springer; 2016.

11. Jauhari P, Sankhyan N, Vyas S, Singhi P. Thiamine Responsive Pyruvate Dehydrogenase

Copyright © 2023 American Academy of Neurology. Unauthorized reproduction of this article is prohibited



12.

13.

14.

15.

Complex Deficiency: A Potentially Treatable Cause of Leigh’s Disease. J Pediatr Neurosci.

J Pediatr Neurosci; 2017;12:265-267.

Bhandary S, Aguan K. Pyruvate dehydrogenase complex deficiency and its relationship

with epilepsy frequency - An overview. Epilepsy Res. Elsevier B.V.; 2015;116:40-52.

Fouque F, Brivet M, Boutron A, et al. Differential effect of DCA treatment.on the pyruvate
dehydrogenase complex in patients with severe PDHC deficiency. Pediatr Res. Pediatr

Res; 2003;53:793-799.

Ferdinandusse S, Friederich MW, Burlina A, et al.Clinical and biochemical
characterization of four patients with mutations in ECHS1. Orphanet J Rare Dis. Orphanet

J Rare Dis; 2015;10.

Wang D, Pascual JM, Yang H, et al. Glut-1 deficiency syndrome: clinical, genetic, and

therapeutic aspects. Ann Neurol. Ann Neurol; 2005;57:111-118.

Video 1 Legend: Paroxysmal dyskinetic events, occurring after exercise and at rest

First segment demonstrates paroxysmal spells of dystonic posturing in the bilateral lower

extremities after brief exercise. The second segment demonstrates similar spells occurring at

rest. Consciousness is preserved.
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Figure 1. Brain MRI.

Red arrows indicate symmetrical abnormal T2/FLAIR hyperintensity within the bilateral globi

pallidi .
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Figure 2. The glycolytic pathway and the metabolic steps involving its by-product pyruvate.

Three alternative pathways of pyruvate metabolism are depicted: conversion into Acetyl-CoA
through PDH to enter the Krebs Cycle, conversion to alanine through alanine dehydrogenase
and conversion to lactate through LDH. The LDH enzyme is influenced by the cytoplasmic
concentrations of NADH and NAD+. When there is dysfunction of the electron transport chain,
NAD+ production decreases. The shift in NADH/NAD+ equilibrium drives the production of
lactate and increases the lactate/pyruvate ratio. KEY: (1) Glycolytic enzymes (2) Alanine
aminotransferase (3) Alanine Dehydrogenase (4) Lactate dehydrogenase (5) Pyruvate
dehydrogenase (6) Krebs Cycle (7) Electron Transport Chain (8)NAD/NADH shuttles. GLUT:
Glutl transporter; MPC: Mitochondrial Pyruvate Carrier; MCT: Monocarboxylate Transporter.
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