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the t ime that  they are being t reated with AChEI or even 

with BuChEI, since we presume that  this simple test  might  

be useful to reveal the possible associat ion between the 

act ivity of this enzyme and the therapeut ic effects and side 

effects of these drugs.
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Hyperinsulinism and hyperammonaemia 
syndrome and severe myoclonic epilepsy 
of infancy

Síndrome de hiperinsulinismo-hiperamoniemia 
y epilepsia mioclónica grave de la infancia

Dear Editor:

Hyperinsulinism-hyperammonaemia syndrome (HI-HA) is a 
rare cause of congenital hyperinsulinism.1 The associat ion 

of hypoglycaemia and hyperammonaemia in a neonate is 

highly suggest ive of the disease. This syndrome is an inborn 

metabolic error caused by mutat ions in the GLUD1 gene, a 

gene that  is located on chromosome 10q23.3 and that  codes 

for the glutamate dehydrogenase (GDH) enzyme. The GLUD1 
gene contains 13 exons which code for the 505 amino acids 

comprising GDH.1 These mutat ions end up by causing 

hyperact ivity of the GDH enzyme.1,2 The mutat ions that  

cause HI-HA syndrome have been detected in exons 11 and 

12, which code for the antenna region of the GDH enzyme, 

and in exons 6 and 7, which part icipate in coding for the 

binding site of GDH to guanosine triphosphate (GTP).3,4 The 

mutat ions can occur de novo or in associat ion with an 

autosomal dominant  inheritance pat tern.

The clinical picture in this condit ion is made up of 

recurrent  symptomat ic hypoglycaemias during childhood 

that  are brought  about  by fast ing or a high protein intake. 

The hyperammonaemia is typically moderate and, unlike 

disorders secondary to disturbances in the urea cycle, 

asymptomat ic (that  is, without  episodes of lethargy, 

vomiting, or headaches).5 HI-HA syndrome is associated 

with epilepsy,6 characterist ically a generalized epilept ic 

syndrome consist ing of atypical and myoclonic absences,7 

often accompanied by photosensit ivity. It  is not  unusual for 

the epilepsy to be refractory to ant i-epilept ic medicat ion. 

Moreover, the syndrome is completed with other neurological 

complicat ions such as learning disorders, mental retardat ion, 

or dystonia.6,8 We report  here a new case of HI-HA syndrome 

due to a mutat ion of the GLUD1 gene. We would like to 

underscore the descript ion of the phenotypical 

characterist ics of the epilept ic syndrome in our case with 

myoclonic absences t riggered by hypervent ilat ion, as well 

as to highlight  the importance of recognizing this rare 

syndrome, so as to establish an accurate and early diagnosis 

that  can avoid unnecessary studies.

Sixteen-year old female; among her family history of 

interest , we would point  out  a maternal cousin with epilepsy, 

not otherwise speciied, and psychomadurational delay. In 
her personal history: she was born at  term without  

complicat ions, by scheduled Caesarean sect ion due to 

podalic presentat ion, and with a birth weight  of 3.200 kg; 

APGAR score of 9. At  the age of one month, she was admit ted 

to the ICU due to severe apnoeic episodes secondary to 

hypoglycaemias requiring prolonged hospitalizat ion for 

proper cont rol.  What  at  the t ime const ituted a comprehensive 

aet iological study was conducted, without  arriving at  any 

conclusive diagnosis, although the existence of 

hyperammonaemia was detected at  that  t ime and t reatment  

was init iated to cont rol the hypoglycaemia with diazoxide. 

At  the age of 4 years, she debuted with myoclonic and 

absence seizures, reported as errat ic, mult ifocal, axial 

shaking of the hands, eyelids, and limbs, associated or not  

with momentary alterat ion of consciousness, last ing for 

several seconds, and occurring spontaneously, both while 

awake and while sleeping, and clearly precipitated by 

photost imulat ion, and eat ing. At  the age of 14, she 
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presented several generalized, tonic-clonic crises clustered 

over a few days. The seizures had been refractory to ant i-

epilept ic medicat ion during childhood and adolescence, 

despite the dif ferent  pharmaocological st rategies used 

(CZP, CZP+LTG, CZP+LTG+ESM, CZP+VGB, CZP+VGB+LEV, 

CZP+LEV, CZP+LEV+LTG, LEV+LTG+CLB). VPA could not be 
prescribed due to the possibilit y of worsening the 

hyperammonaemia and the appearance of encephalopathy 

associated with it .  From the age of 16 years onward, under 

t reatment  with the latest  t riple-therapy drug st rategy of 

LEV+LTG+CLB, the pat ient ’s seizures are reasonably well 

cont rolled (without  GTCS and very occasionally non-

disabling myoclonias). From a cognitive point of view, she 
has developed border-line mental retardat ion, with learning 

dificulties that require extra classes, with social integration 
issues, low self-esteem, and affect ive instabilit y. At  a motor 

level, of interest  is a slight  gait  dystaxia. Upon studying the 

complementary test ing procedures carried out , the only 

inding of interest in the blood test is a persistent 
hyperammonaemia with mean values of around  

170 micromol/L (range 20-57). On the waking EEG, the 
predominant inding is slightly slowed activity, together 
with frequent  epilept iform abnormalit ies consist ing of 

generalized point -polypoint  waves at  3.5-4 Hz, that  are 

irregular and brief, last ing from 1 to 3 seconds. This pat tern 

is recorded both spontaneously, as well as induced or 

facilitated by hypervent ilat ion and photost imulat ion 

manoeuvres with a generalized photoparoxysmal response. 

This iring occasionally coincides with palpebral or massive 
myoclonic act ivity, that  apparent ly does not  affect  

consciousness (igs. 1 and 2). Cranial NMRI did not reveal 
any alterat ions of note.

When re-evaluat ing the case in the light  of the clinical 

suspicion of HI-HA syndrome, a molecular study of the 

GLUD1 gene was recent ly conducted and a mutat ion 

detected in exon 11 (p.Ser498Leu), diagnostic for the 
disease. A genet ic study was later performed on the parents 

that  was negat ive; it  is, hence, a de novo mutat ion.

Our case, therefore, corresponds to a HI-HA syndrome 

due to mutat ion in exon 11 of the GLUD1 gene. HI-HA 

syndrome due to mutat ion of the GLUD1 gene is a rare cause 

of congenital hyperinsulinism characterized by recurrent  

hypoglycaemic episodes during childhood and 

hyperammonaemia. In most  cases, the il lness debuts during 

the irst year of life as either a symptomatic convulsive 
seizure due to hypoglycaemia or a hypotonic infant . It  can 

take up to a mean of 12 months to cont rol the hypoglycaemias 

and the diagnosis make take as long as 5 years to establish.6 

Figure 1 Waking EEG. Supericial electrodes. International 10-20 System. Sensitivity: 15 microvolt/mm. Paper speed: 1 page/ 

10 seconds. High frequency cut -off :  50 Hz. Low frequency cut -off :  0.53 Hz. Bipolar, longitudinal montage. Epilept iform act ivity is 

seen with a irregular, generalized point-wave iring at 3.5-4 Hz, lasting for 1.5 seconds, followed by slowing of the baseline activity, 
coinciding with generalized myoclonic act ivity.
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The t reatment  of choice for the hypoglycaemias is diazoxide9 

and protein rest rict ion. Diazoxide acts by keeping the ATP-

dependent  K+ channels from closing, hindering depolarizat ion 

of the beta cells and with that , the release of insulin. Out  

pat ient  began during the neonatal period with apnoeic 

crises secondary to severe hypoglycaemias and has been 

t reated since then with diazoxide; she required 

hospitalizat ion for a period of several months to cont rol her 

symptoms. The pathophysiological mechanism provoking 

hyperinsulinism and hyperammonaemia has been described.1 

GDH is an enzyme that  mediates the reversible act ion of 

glutamate to alpha-ketoglutarate in the interior of the 

mitochondrial mat rix. This act ion is posit ively regulated by 

adenosine diphosphate (ADP) and leucine and negatively by 
guanosine triphosphate (GTP). In HI-HA syndrome, there 
would be increased GDH enzymat ic act ivity due to 

interference with the inhibitory effect  of GTP, thereby 

increasing the product ion of alpha-ketoglutarate, which 

would increase the product ion of adenosine t riphosphate 

(ATP) through the Krebs cycle. Increase in the ATP/ADP 
rat io would provoke increased release of insulin. On the 

other hand, in the liver, the increase in the act ivity of GDH 

would increment  net  product ion of ammonium. GDH is a 

hexamer consist ing of 6 ident ical subunits comprising  

3 domains.10 In pat ients with HI-HA syndrome, there would 

be a mixture of heterohexamers that  would contain an 

equal number of mutant  and normal subunits.1 The most  

common mutat ions are located in exons 11 and 12.4 In our 

pat ient , the mutat ion is located in exon 11. Mutat ions in 

exons 6 and 711 have also been reported and there have 

been odd reports of mutat ions in exon 10.12 Some authors 

est imate that  mutat ions in exons 6 and 7, which encode for 

the GDH to GTP binding site, are associated more often 

with epilepsy.6 In the short  HI-HA syndrome case series 

published,1,3,6,8,13 this syndrome (as well as symptomat ic 

hypoglycaemias in neonates) have been proven to be 
accompanied in large part  by neurological manifestat ions, 

highlight ing in part icular the existence of epilepsy in 46-64% 

of the cases, mental retardat ion, and learning disorders 

(51-77%, depending on the series), whereas other 
manifestat ions such as pyramidalism, ataxia, or dystonia 

are less frequent .6 The classical epilept ic phenotype 

reported is that  of epilepsy that  debuts months after the 

onset of illness, during the irst few years of life (although 
there have been reports of onset at up to 12 years of age). 
The epilept ic seizures consist  of atypical absences and 

palpebral and generalized myoclonic seizures, although 

other types of crisis may also present , in the form of either 

Figure 2 Waking EEG. Supericial electrodes. International 10-20 System. Sensitivity: 30 microvolt/mm. Paper speed: 1 page/ 

10 seconds. High frequency cut -off :  50 Hz. Low frequency cut -off :  0.53 Hz. Monopolar montage referenced at  Cz. Brief, mult ispiked 

iring and slow hypervolted waves are seen during hyperventilation, on top of a slightly slowed baseline activity that coincides with 
a clinical seizure consist ing of a disconnect  from her surroundings and palpebral and perioral myoclonia.
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generalized (generalized tonic-clonic seizures), and even 
focal crises, albeit  the lat ter are much less common. The 

epilepsy is refractory to ant iepilept ic drug therapy, although 

this is not  the norm.6 The use of valproic acid is not  advised 

given the possibilit y of provoking insulin resistance14 and 

worsening the ammonaemia.

The course of il lness in our pat ient  has been typical, if  

such can be said, of HI-HA syndrome. She has developed a 

predominant ly myoclonic form of epilepsy, with absences as 

well.  The seizures characterist ically present  as palpebral, 

perioral myoclonic seizures, either massive or generalized, 

that  appear spontaneously, though they can also be t riggered 

by hypervent ilat ion and photost imulat ion. As a unique 

datum found in our case, together with the photoparoxysmal 

response, she presents myoclonic act ivat ion with 

hyperventilation, a inding more rarely reported in the 
l iterature consulted. During childhood, the crises were seen 

to be precipitated by eat ing, a circumstance that  we have 

been unable to observe at  present . The epilepsy she 

developed during childhood and adolescence was resistant  

to t reatment  with ant i-epilept ic medicat ion, despite the 

various dif ferent  regimes t ried with drugs at  opt imal, 

eficacious doses, for both the absences, as well as the 
myoclonic seizures; subsequent ly, from 15-16 years of age, 

she has displayed an improvement  in seizure cont rol,  

although she current ly requires t riple therapy. We believe 

that  this improvement  has to do with the natural course of 

the il lness (more severe during childhood, tending toward 

stabilization during youth and adulthood), more than to any 
speciic or appropriate anti-epileptic therapy in particular. 
Likewise, it  is worth not ing that  the pat ient  is able to 

maintain adequate cont rol of her myoclonic crises, despite 

the use of LTG, which could theoret ically have made 

myoclonic act ivity worse; indeed, when an at tempt  was 

made to withdraw the drug, she suffered a worsening of 

this type of seizure. In recent  years, new AEDs have come 

on board for (zonisamide, ruinamide) that may be of use in 
the t reatment  of this syndrome; however, we have not  

found any reviews in this regard.

On the other hand, no associat ion has been conclusively 

proven to exist  between the levels of hyperammonaemia/

hypoglycaemia and neurological impairment  or epilepsy.6,15 

The pathophysiological mechanism of the brain damage 

associated to HI-HA syndrome is not  well known and may 

possibly be complex and mult ifactorial. It  does not  appear 

to be due to a direct  inj ury of the hypoglycaemia itself.  

Were that the case, we would expect to ind focal deicits or 
epilepsy with predominant ly focal crises. The normal cranial 

NMRI, without  any focal lesions, supports this observat ion. It  

appears that  the hyperammonaemia does not  play any maj or 

role either. In short , why the epilepsy occurs is unclear, 

although some authors postulate that  mutat ion of the GDH 

would cause a defect  in the glutamate pool, thereby giving 

rise to an imbalance in glutamate/ GABA neurot ransmission. 

This imbalance might  cont ribute to the epileptogenesis.6 

Thus, in line with the hypothesis stated above, deicient 
GDH act ivity with the accumulat ion of glutamate has been 

involved in the epileptogenic mechanism in other types of 

epilepsy, in part icular, temporal lobe epilepsy.16

Finally, we would like to highlight  the importance of 

making an early and correct  diagnosis, possible today thanks 

to genet ic studies, always bearing this condit ion in mind 

when faced with a child with hypoglycaemia/

hyperammonaemia, mental retardat ion, and epilepsy. HI-HA 

syndrome can mimic other condit ions that  manifest  as 

severe childhood myoclonic epilepsies. Hence, we should 

suspect  this condit ion whenever faced with severe myoclonic 

epilepsy during childhood in which there is a history of 

neonatal or childhood hypoglycaemia/ hyperammonaemia, 

thereby avoiding diagnost ic delays and unnecessary 

test ing.

References

1. Stanley CA, Lieu YK, Hsu BYL, Burlina AB, Greenberg CR, 

Hopwood NJ, et  al.  Hyperinsulinism and hyperammonemia in 

infants with regulatory mutat ions of the glutamate 

dehydrogenase gene. N Engl J Med. 1998;338:1352-7.

2. Of Lonlay P, Benelli C, Fouque F. Hyperinsulinism and 

hyperammonemia syndrome: report  of twelve unrelated 

pat ients. Pediat r Res. 2001;50:353-7.

3. Miki and, Taki T, Ohura T, Kato H, Yanagisawa M, Hayashi and. 

Novel missense mutat ions, in the glutamate dehydrogenase 

gene in the congenital hyperinsulinism–hyperammonaemia 

syndrome. J Pediat r. 2000;136:69-72.

4. Stanley CA, Fang J, Kut ina K, Hsu BY, Ming JE, Glaser B, et  al.  

Molecular basis and characterizat ion of the hyperinsulinism/

hyperammonemia syndrome: Predominance of mutat ions in 

exons 11 and 12 of the glutamate dehydrogenase gene. 

Diabetes. 2000;49:667-73.

5. The Gharbawy AH. Hyperinsulinism/ hyperammonemia 

syndrome: a synopsis. Mol Gene Metab. 2005;84:101-3.

6. Bahi-Buisson N, Roze E, Dionisi C, Escande F, Valayannopoulos 

V, Feillet  F, et  al.  Neurological aspects of hyperinsulinism-

hyperammonemia syndrome. Dev Med Child Neurol. 2008; 

50:945-9.

7. Bahi-Buisson N, The Sabbagh S, Souflet C, Escande F, Boddaert 
N, Valayannopoulos V, et  al.  Myoclonics absence epilepsy with 

photosensit ivity and a gain of funct ion mutat ion in glutamate 

dehydrogenase. Seizure. 2008;17:658-64.

8. Raizen DM, Brooks-Kayal A, Steinkrauss L, Tennkoon GI, Stanley 

CA, Kelly A. Cent ral nervous system hyperexcitabilit y associated 

with glutamate dehydrogenase gain of funct ion mutat ions. J 

Pediat r. 2005;146:388-94.

9. Aynsley-Green A, Hussain K, Hall J, Saudubray JM, Nihoul-

Fekété C, of Lonlay-Debeney P, et  al.  Pract ical management  of 

hyperinsulinism in infancy. Arch Dis Child Fetal Neonatal. 2000; 

82:F98-F107.

10. Smith TJ, Schmidt  T, Fang J, Wu J, Siuzdak G, Stanley CA. The 

st ructure of apo human glutamate dehydrogenase details subunit  

communicat ion and allostery. Mol Biol. 2002;318:765-77.

11. MacMullen C, Fang J, Hsu BYL, Kelly A, Of Lonlay-Debeney P, 

Saudubray JM, et  al.  Hyperinsulinism/ hyperammonemia 

syndrome in children with regulatory mutat ions in the inhibitory 

guanosine t riphosphate binding domain of glutamate 

dehydrogenase. J Clin Endocrinol Metab. 2001;86:1782-7.

12. Yorifugi T, Muroi J, Uematsu A, Hiramatsu H, Momio T. 

Hyperinsulinism-hyperammonemia syndrome caused by mutant  

glutamate dehydrogenase accompanied by novel enzyme 

kinet ics. Hum Genet . 1999;104:476-9.

13. Santer R, Kinner M, Passarge M. Novel missense mutat ions 

outside the allosteric domain of glutamate dehydrogenase are 

prevalent  in European pat ients with the congenital 

hyperinsulinism-hyperammonemia syndrome. Hum Genet . 

2001;108:66-71.



252 LETTERS TO THE EDITOR

14. Pylvanem V, Pakarinen A, Knip M, Isoj arvi J. Characterizat ion of 

insulin secret ion in Valproate t reated pat ients with epilepsy. 

Epilepsy. 2006;47:1460-4.

15. Menni F, of Lonlay P, Sevin C. Neurologic outcomes of 90 

neonates and infants with persistent  hyperinsulinemic 

hypoglycemia. Pediat rics. 2001;107:476-9.

16. Malthankar-Phatak GH, of Lanerolle N, Eid T, Spencer DD, Behar 

KL, Spencer SS, et  al.  Dif ferent ial glutamate dehydrogenase 

(GDH) activity proile in patients with temporal lobe epilepsy. 
Epilepsy. 2006;47:1292-9.

F. Pérez Errazquin, * J. Sempere Fernández, G. García 

Mart ín, M.I.  Chamorro Muñoz, M. Romero Acebal

Servicio de Neurología, Hospit al  Universit ario Virgen de la 

Vict oria, Málaga, Spain

* Corresponding author.

E-mail :  pacoerrazquin@hotmail.com (F. Pérez Errazquin).

VI cranial nerve paralysis after epidural 
anaesthesia

Paresia del VI par tras anestesia epidural

Dear Editor:

Lumbar puncture (LP) is a technique that is widely used by 
different  specialists (anaesthesiologists, intensive care 

specialists, internists, oncologists, emergency room physicians, 

specialists in nuclear medicine, and, of course, by neurologists) 
for purposes of diagnosis and/ or t reatment. Despite the fact  

that  it  is an invasive procedure, it  is nonetheless fairly safe, 

albeit  not  without possible complicat ions, such as headache, 

lumbar pain, or temporary paraesthesia of a lower limb due to 

ipsilateral radicular irritat ion. Much less common are 

infect ious or haemorrhagic complicat ions, or the involvement  

of cranial nerves (CN). We report a case following epidural 
anaesthesia, as well as a review of the bibliography.

A thirty-ive year old female without any history of 
interest  came to the Emergency Room due to diplopia 6 

days after epidural anaesthesia with an 18-gauge needle for 

the birth of her irst child which took place without 
complicat ion. She had never had an LP previously. The day 

after the anaesthet ic procedure, she reported having a 

mild, oppressive-type headache located in the neck that  

was unmodiied by postural changes. She did not present 
vert igo, nausea, or vomit ing or any other type of addit ional 

symptom. She considered her headache to be t rivial and 

probably related to the lit t le sleep she was able to get  and 

to the typical stress of being a mother for the irst time; 
hence, she did not  consult  for the headache.

The general examinat ion was normal and the only 

neurological inding was VI cranial nerve palsy on the right 
side; the rest  of the examinat ion was normal.

The general blood work (haemogram, biochemist ry, 

coagulation), ECG, chest X-ray, and cranial scan were all 
normal. One week after the onset  of symptoms, a cranial 

magnetic resonance (MR) was performed that revealed a 
small patch of cerebrospinal luid (CSF) in the supra- and 
infratentorial subdural space (ig. 1A). The decision was 
made to adopt  conservat ive t reatment  and 16 days after 

onset , the diplopia had disappeared. Two months after the 

irst one, a new MR was performed that showed ad integrum 
resolution of the subdural patch (ig. 1B); the patient was 
therefore, discharged.

In 1891, Quincke carried out the irst LP to treat 
int racranial hypertension associated with tuberculous 

meningitis. The irst complication of this technique was 
described after Bier himself  suffered it  in 1898; it  consisted 

of a post  LP headache.1 Other complicat ions have 

subsequent ly been reported. One of the very unusual 

complicat ions of LP is CN involvement ,2 part icularly 

oculomotor involvement  that  manifests with diplopia.

In an outstanding review, Nishio et  al.3 have recorded the 

reported cases, including the irst one to be documented in 
1930. The CN most  commonly affected is the VI cranial 

Figure 1 A) Cranial MRI. FLAIR coronal slice in which a CSF 

patch can be seen in the infra- and supratentorial subdural 

space. B) The same slice in the MRI performed 2 months later, 
document ing resolut ion of the patch.


