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Non-convulsive status
epilepticus secondary to
valproate-induced
hyperammonaemic
encephalopathy�

Estatus epiléptico  no  convulsivo secundario a
encefalopatía hiperamonémica  inducida por
valproato

Dear Editor:

Valproate-induced  hyperammonaemic  encephalopathy
(VHE)  is  a  rare  entity  characterised  by acute  or  subacute
alterations  in the level  of  consciousness,  confusion,  and
focal  neurological  signs,  progressing  to  seizures,  ataxia,
stupor,  and  coma.1 Most patients  show high  blood  ammonia
levels,  with  no  evidence  of  liver  failure;  they  also  display
electroencephalography  (EEG)  alterations,  typically  with
generalised  slowing  of delta  activity.1 Although  seizures
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Arcos Sánchez C, Vicente Gordo D. Estatus epiléptico no  convulsivo
secundario a encefalopatía hiperamonémica inducida por valproato.
Neurología. 2020;35:603—606.

are  a characteristic  symptom  of  VHE,  only 2  cases have
been  reported  of  valproate-induced  status  epilepticus.2,3

We  describe  the case  of  a  patient  who  developed  non-
convulsive  status epilepticus  (NCSE)  in the context  of
VHE.

Our  patient  was  a 57-year-old  woman  with  history  of
chronic  kidney  disease  secondary  to  interstitial  nephri-
tis,  under  treatment  with  haemodialysis  since  2007;  she
had undergone  kidney  transplant  in  2009  but  presented
chronic  renal  transplant  rejection,  and was  receiving  pred-
nisone  dosed  at 5  mg/24  h.  Six  months  before  admission,
she  presented  a first  episode  of  generalised  tonic-clonic
seizures  after  a  dialysis  session.  Laboratory  analyses  and
a  head CT scan  performed  at the emergency  department
revealed  no  significant  alterations;  the suspected  cause
of  the episode  was  metabolic  imbalance  in the  context
of dialysis.  The  patient  experienced  a  second  episode  a
month  later.  Again,  no  significant  metabolic  alterations
were  observed;  however,  an  EEG  study  revealed  epilep-
tiform  discharges  in the right  temporal  lobe.  Treatment
was  started with  valproate  dosed  at 500 mg/12  h,  and she
was  referred  to  the neurology  department  for  further  study
and  follow-up.  She subsequently  presented  another  episode
and  was  attended  at the  emergency  department;  leve-
tiracetam  was  added  at 500  mg/12  h.  Approximately  one
month  before  admission,  the patient  presented  agitation,
hetero-aggressiveness,  and  suicidal  ideation;  she  was  admit-
ted  to  the psychiatry  department,  where  treatment  with
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Figure  1  Baseline  electroencephalography  (international  10-20  system,  longitudinal  montage).  Attenuation  of background  activity,
which is substituted  by  diffuse  epileptiform  discharges  predominantly  in the  right  frontal  and  central  areas,  appearing  persistently
throughout  the  reading;  this  is compatible  with  status  epilepticus.  Lack  of signal  from  the  Cz-Pz  derivation  for  technical  reasons.

Figure  2  Follow-up  electroencephalography  after  discontinuation  of  valproate  (international  10-20  system,  longitudinal  montage).
Background activity  at  7-9  Hz,  with  no sharp  waves.

olanzapine  and  lorazepam  was  started and  the  dose of
levetiracetam  was  reduced.  A  week  after  admission,  she
presented  fluctuations  in the  level  of  alertness  and  recurrent
generalised  tonic-clonic  seizures  without  complete  recov-
ery  of  the  level  of consciousness  between  seizures,  and
was  therefore  admitted  to  the intensive  care  unit. The
examination  revealed  a Glasgow  Coma  Scale  score of 3;
isochoric,  normoreactive  medium-sized  pupils;  and fluctu-
ating  episodes  of  irregular,  multifocal  clonic  movements
of  the  limbs.  Orotracheal  intubation  was  performed  and
the  patient  received  intravenous  antiepileptic  treatment
with  valproate  and  levetiracetam,  which  resolved  the motor
alterations.  Psychiatric  treatment  was  suspended.  An  EEG
study  revealed  a  pattern  compatible  with  NCSE  (Fig.  1),  and
lacosamide  was  added  to  the  treatment  regime.  A labo-
ratory  analysis  and  a head  CT scan  revealed  no  significant
alterations,  with  no  changes  detected  in the patient’s  usual

kidney  function.  A follow-up  EEG study  revealed  no  sig-
nificant  changes;  perampanel  was  added  to her treatment
and  the doses  of  midazolam  and propofol  (added  to the
treatment  regime  when the  patient  was  intubated)  were
progressively  increased.  In  view  of the  lack  of  EEG abnormal-
ities,  a  CSF  analysis was  performed,  revealing  no  alterations
in biochemistry,  cytology,  or  PCR  results  for neurotropic
viruses;  the patient  also  tested  negative  for  antineuronal
antibodies  and oligoclonal  bands.  An  autoimmune  study  of
the  serum  yielded  normal  results.  A follow-up  EEG  study
revealed  a  burst-suppression  pattern  with  sustained,  sharp
waves.  Subsequent  laboratory  analyses  revealed  valproate
levels  persistently  below  the  therapeutic  range  and  ele-
vated  serum  ammonia  levels  (65  �mol/L;  reference  range:
9-35);  ammonia  levels  had  not been  measured  previously.
Valproate  was  therefore  discontinued  8 days  after  admis-
sion  to the  intensive  care  unit.  Follow-up  EEG  studies
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showed  progressive  improvement,  with  less  frequent  acute
activity;  sedatives  were  gradually  withdrawn  and  the  EEG
pattern  was  nearly  normal  after 7 days  (Fig.  2);  ammonia
levels  progressively  decreased  and level  of  consciousness
improved.  The patient  fully  recovered,  presenting  no  further
episodes.

VHE  is a  rare  complication  of  treatment  with  valproate.
It  occurs  when  valproate  interferes  with  the urea  cycle,
inhibiting  carbamylphosphate  synthetase  I.  Valproate  is
extensively  metabolised  in the  liver  through  3  pathways.
High  doses  or  long-term  treatment  with  the drug  result
in higher  levels  of  metabolites,  such as  propionic  acid
and  2-propyl-4-pentenoic  acid,  which  decrease  levels  of
N-acetylglutamate,  a  cofactor  of  carbamylphosphate  syn-
thetase  I;  this inhibits  the enzyme  and interferes  with
the  urea  cycle,  causing  hyperammonaemia.4 Although the
exact  pathophysiological  mechanism  of VHE  is  not  fully
understood,  we do  know  that  excess  ammonia  crosses
the  blood-brain  barrier  and  inhibits  intracellular  gluta-
mate  uptake;  increased  NMDA receptor  activity  due  to
elevated  extracellular  glutamate  levels  causes  excitotox-
icity,  ultimately  leading  to  encephalopathy.4,5 It has  also
been  hypothesised  that increased  astrocytic  glutamine  pro-
duction  due  to  the elimination  of  excess  ammonia  in the
brain  increases  intracellular  osmolarity  and an intracellular
shift of  water,  leading  to  astrocyte  swelling  and  cerebral
oedema.4,6

Several  risk  factors  for  VHE  have  been  identified,  such
as  antiepileptic  polytherapy  with  pentobarbital,  phenytoin,
topiramate,  or  levetiracetam  combined  with  valproate7—9;
other  factors  include  carnitine  deficiency  and  urea  cycle
disorders.5 However,  elevated  serum  valproate  levels  are
not  directly  correlated  with  VHE10;  in  fact,  our patient  dis-
played  low  valproate  levels.

Diagnosis  of  this  entity  is based  on  the pres-
ence  of  acute  symptoms  of  encephalopathy  and  high
ammonia  levels  in the context  of  treatment  with
valproate.  Patients  treated  with  valproate,  and  par-
ticularly  those  also  taking  other  antiepileptics,  may
present  asymptomatic  hyperammonaemia.11 However,
VHE  should  be  considered  in patients  treated  with
valproate  who present  subacute  or  chronic  mild  cog-
nitive  impairment  or  psychiatric  symptoms,  as  the
condition  may  not  always  be  evident,  significantly
hindering  diagnosis,  as  in  the case  presented  here.
In  this  context,  differential  diagnosis  should include
other  subacute  encephalopathies  (metabolic,  toxic,
infectious,  autoimmune,  etc),  which  were  ruled  out
in  our  patient.  A  diagnosis  of  NCSE  should  also  be
ruled  out  in patients  presenting  impaired  level  of  con-
sciousness,  with  an EEG  study  and thorough  differential
diagnosis.

Only  2  cases  of  valproate-induced  NCSE  have  been  pub-
lished  to  date:  the first  case  was  that  of  a  patient  with
acute  symptoms  of  low  level  of  consciousness  and multi-
focal  myoclonus,  presenting  4 days  after onset  of valproate
treatment;  EEG  findings  were compatible  with  NCSE.2 The
second  case  describes  a patient  with  drug-resistant  focal
epilepsy  who,  after rapid  uptitration  of  valproate  to  1600  mg
in  5 days,  developed  fluctuating  confusional  state  associated
with  episodes  of  staring  and  complete  unresponsiveness;

this patient  also  presented  EEG  results  compatible  with
NCSE  but  presented  normal  ammonia  levels.3 The  differ-
ence  between  our  patient  and the  2 cases  described  in
the  literature  is  that  in our  case,  treatment  with  valproate
had  started months  before  the episode  and  the dose  had
remained  stable;  this  delayed  diagnosis  in our  patient.  The
lack  of  pathological  findings  from  complementary  tests,
with  the  exception  of  elevated  ammonia  levels, and  the
improvements  seen  in EEG after discontinuation  of val-
proate  treatment  (no  other  treatment  decisions  were  made
simultaneously)  suggest  VHE  as  the most  likely  diagnosis.
Furthermore,  neither  our  patient  nor  the  first  case  men-
tioned  above2 presented  markedly  elevated  ammonia  levels;
no correlation  has  been  found between  clinical  severity  and
higher  ammonia  levels.1

In conclusion,  we  present  a rare  case  of NCSE  secondary
to  VHE.  Though  rare,  this  entity  should  be included  in  the
differential  diagnosis  of  refractory  NCSE  of no  evident  cause
in  patients  treated  with  valproate.
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Recurrent supplementary motor
area  syndrome in relapsed
parasagittal meningiomas: from
the onset to  the  origin�

Recurrencia  del síndrome de área motora
suplementaria en meningiomas parasagitales
recidivados: del  evento al  origen

Dear  Editor:

We  describe  the  key diagnostic  and  pathophysiological  fea-
tures  of  supplementary  motor  area  (SMA)  syndrome  and
the  factors  associated  with  good  prognosis  through  2 case
reports.

SMA  syndrome  appears  in patients  undergoing  surgery
in  areas  close  to  the dorsomedial  frontal  lobe or  SMA;
it  is  characterised  by  immediate,  transient  contralateral
motor  deficits  and  may  also  be  associated  with  language
impairment.1,2

Although  the  incidence  of  SMA  syndrome  is  approximately
50%  of  all  cases of  tumours  at  this  location,1—3 and surgi-
cal  treatment  of  parasagittal  lesions  is  relatively  frequent,
SMA  syndrome  is  extremely  rare  after  surgery  for  extra-axial
tumours.1,4—6

Illustrative  case  reports

Patient  1

Our  first  patient  was  a  48-year-old  woman  with  history  of
parasagittal  meningioma;  she  had  undergone  surgery  10
years  previously  and  subsequently  presented  tumour  recur-
rence  (Fig. 1A and  B). The  lesion  was  completely  resected
(Fig.  1C  and  D).  After  the procedure,  the patient  presented
global  aphasia  and  right  hemiparesis  (muscle  strength  2/5).
After  a  week  receiving  physical  rehabilitation  and  speech
therapy,  she  recovered  strength  in the  right  arm  (5/5)  and

� Please cite this article as: Martínez-Pérez R, Vergara C, Rayo N,
Mura J. Recurrencia del síndrome de área motora suplementaria
en meningiomas parasagitales recidivados: del evento al origen.
Neurología. 2020;35:606—608.

leg  (4/5).  Dysphasia  resolved  on  day 6. Three  weeks  after
the  intervention,  the patient  was  able to walk  independently
and  had  resumed  work  (modified  Rankin  Scale score  of  0);
she  displayed  5/5  strength  in  all muscle  groups.

Patient  2

Our second  patient  was  a  49-year-old  woman with  history
of  interhemispheric  meningioma,  which  was  treated  sur-
gically  20  years  previously.  She  underwent  surgery  after
presenting  tumour  recurrence  (Fig.  2A and B);  the  proce-
dure  was  uneventful  and complete  tumour  resection  was
achieved  (Fig.  2C  and D).  Upon awakening,  the  patient  pre-
sented  normal  consciousness  but  was  unable  to  move  the
left  side  of  her  body (muscle  strength  1/5).  CT angiography
ruled  out  complications  of venous  drainage.  After  a  short
rehabilitation  period,  the patient  recovered  baseline  mus-
cle  strength  (5/5);  she  was  discharged  after 10  days  with  no
other  complications.

Discussion

Surgery  to  the SMA  may  cause  contralateral  motor  deficits
and  motor  aphasia  (the  latter  may  appear  when  surgery  is
performed  on  the dominant  hemisphere).4 Unlike  lesions  to
the  pyramidal  tract,  SMA syndrome  is  transient  and has good
prognosis,  and  patients  do  not lose  muscle  tone.6 This  syn-
drome  is  distinct  from  the progressive,  irreversible  deficits
that  appear  24-48  hours  after  the procedure  due  to  venous
infarction  secondary  to  a lesion  to  a  parasagittal  draining
vein.6

SMA  syndrome  is  extremely  rare  after  surgery  for
parasagittal  meningioma.1,6 The  pathophysiological  mech-
anism  is  yet  to  be understood.  Several  hypotheses  have
been  proposed,  and  include  local  oedema,  use  of  retrac-
tors,  microvascular  damage,  and  resection  of healthy
parenchyma.  Studies  using  functional  MRI  scans support  the
idea  that  the transient  nature  of  SMA  syndrome  is  due  to
neuronal  plasticity.7,8

The  cases  presented  here  are  representative  in that  the
patients  presented  SMA  syndrome  after surgical  treatment
of  a  recurrent  tumour.  Abel  et  al.7 reported  6 cases  of
intra-axial  tumours  located  in  the  SMA  that  progressed  with
recurrent  SMA  syndrome  after  repeat  surgery;  this supports
the  hypothesis  of  neuronal  reorganisation  in  the  SMA  around
the previously  resected  areas.4 In the case  of  extra-axial
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