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Colour density spectral array of
bilateral bispectral index in
status  epilepticus�

Matriz de  densidad  espectral de  color  del  BIS
bilateral en estado epiléptico

Dear  Editor:

Status  epilepticus  (SE)  is  the most frequent  neurologic  emer-
gency  in  the  paediatric  age  group,  with  an incidence  of
18---23  cases  per  100 000  children  per  year.1 These  patients
need  to  be  monitored  in  the  paediatric  intensive  care  unit
(PICU),  which  frequently  requires  strong  sedation.  On  the
other  hand,  bispectral  index  (BIS)  monitoring  is  a quantita-
tive  method  based on  electroencephalogram  (EEG)  signals
used  to  assess  the depth  of anaesthesia.2 The  bilateral  BIS
system  allows  the  use  of  four  EEG  channels,  adding  new
variables  to those  already  in  use.  One  of  them  is the  density
spectral  array (DSA), a colour  display  that  represents  the  fre-
quencies  and amplitudes  of  brain  waves  through  time,  with
the  colour  spectrum  ranging  from  blue  (minimum  amplitude)
to  dark  red  (maximum  amplitude).

We  present  the cases  of two  patients  in which  the use  of
the  DSA  was  useful  in  the detection  and monitoring  of  SE.

Case 1

Boy  aged  5 months  admitted  for  head  trauma.  At  admis-
sion,  he  had  a  partial seizure  with  clonic  movements  in
the  left  leg that did  not  respond  to  antiepileptic  treat-
ment  and  progressed  to  a  secondary  generalised  tonic-clonic
SE.  The  patient  was  intubated  and an EEG  requested  that
showed  focal  epileptiform  discharges  in the right  frontal
region  and  slow  waves in the left  temporo-occipital  region
(Fig.  1A).  The  epileptiform  activity  disappeared  with  admin-
istration  of  midazolam,  and we  placed  a bilateral  BIS sensor
to  adjust  the depth  of anaesthesia.  At  40  min the  DSA
showed  an  abrupt  change,  shifting  from  orange,  yellow  and
green  colours  in the  low-frequency  bands  to  dark  red  tones
(Fig.  1B),  with  no  clinical  evidence  of ictus.  The  BIS  elec-
troencephalographic  signal  showed  epileptiform  discharges
similar  to  those  seen  in conventional  EEG,  which  were
interpreted  as  recurrent  epileptic  activity.  Since  continuous
video-EEG  monitoring  (cEEG)  was  not available,  we  admin-
istered  thiopental,  after  which the  discharges  no  longer
appeared  in  the  display  and green  and  yellow  tones  reap-
peared  in  the DSA.  The  following  day,  a new  EEG confirmed
the  absence  of  epileptiform  activity.
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Case 2

Girl  aged  7 years  admitted  for suspected  meningoencephali-
tis.  She  had a partial  seizure  with  clonic  movements  in  the
left  shoulder  that  did  not  respond  to  antiepileptic  treat-
ment  and  progressed  to  a  secondary  generalised  tonic-clonic
SE.  The  patient  was  intubated  and given  midazolam  intra-
venously,  which achieved  control  of  the clonic  movements.
However,  the  EEG  showed  continuous  bilateral  asymmetri-
cal  epileptiform  discharges  of  spike-and-wave  complexes
with  maximum  amplitudes  in the  right  temporo-occipital
and  temporal  regions  (Fig.  2A).  We  administered  thiopen-
tal  intravenously  and  placed  a  bilateral  BIS  sensor  to  titrate
the barbiturate  sedation.  At  first, we  observed  epileptiform
discharges  in the  BIS  EEG channels  associated  to  a  spike  pat-
tern  with  predominance  of  dark  red  tones  in  the DSA, which
gradually  changed  to  blue  colours  with  a BIS  value  of  10  that
served  as  the therapeutic  target  for  maintaining  a burst-
suppression  pattern  (Fig.  2B).  At  48  h,  a  new  conventional
EEG  confirmed  the absence  of seizures.

In  cases of convulsive  SE,  the  disappearance  of  clinical
seizures  does  not  always  correspond  to  control  of  the SE, and
persisting  epileptic  discharges  have been  described  in up  to
48%  of  patients  without  motor  manifestations  (nonconvul-
sive  SE).3 For  this reason,  cEEG  monitoring  is recommended
to  verify  the  effectiveness  of treatment,  although  it is  not
widely  available  in Spanish  PICUs  yet.

On  the other  hand,  the  complexity  of  the interpretation
of  cEEG  monitoring  tracings  has  led to  the development  of
algorithms  based on  the quantitative  analysis  of  the signal,
such  as  amplitude-integrated  EEG or  colour  DSA,  with  the
purpose  of  simplifying  the review  of  long-term  EEG  data.  In
this  regard,  Pensirikul  et al.4 evaluated  DSA  in the  detection
of  epileptic  seizures  in  21  critical  children,  and obtained
favourable  results.

Our  group  has  previously  described  the  use  of  the bilat-
eral  BIS  DSA  in adults  with  SE,5,6 finding  that  the  presence
of  dark  red  tones  in the  low-frequency  bands is  suggestive
of  SE.  However,  variations  in the amplitude,  frequency  and
rhythm  of  epileptiform  discharges  in each  patient  require
the  comparison  of  the SDA  with  the  findings  of  a conventional
EEG  interpreted  by  an  expert  neurophysiologist  in order  to
establish  the  patterns  displayed  by  the DSA  during seizures
and  periods  of  seizure  control.

Keeping  in mind  the  limitations  of  BIS  monitoring  in rela-
tion  to  muscle  artefacts  and the  scarcity  of parieto-occipital
region  data,  the described  cases  show that  the  bilateral  BIS
monitoring  DSA  could be used as  a supplementary  tool  for
monitoring  SE,  especially  in  facilities  where  cEEG  monitoring
is  not  available.
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Figure  1  Case  1 (A)  EEG  showing  frequent  focal  epileptiform  discharges  involving  the  entire  right  frontal  lobe  (Fp2,  F4, F8)  and
increased  slow  waves  in  the  left  temporo-occipital  region;  low-frequency  filter:  0.53  Hz;  high-frequency  filter:  30  Hz;  notch  filter:
50 Hz.  Vertical  bar:  100  �V,  horizontal  bar:  1  s;  (B)  DSA  showing  an  abrupt  change  in colour  (long  arrow)  from  orange,  yellow  and
green tones  to  dark  red  tones  in  the  low-frequency  band  (<10  Hz),  suggestive  of  recurrent  epileptic  activity.  After  a  little  over  one
hour, the  DSA  returned  to  its previous  features  concurrently  with  the  administration  of  thiopental  (short  arrow).  The  white  line  in
the DSA  represents  the  spectral  edge  frequency  (SEF),  which  is the  frequency  in Hertz  below  which  95%  of  the power  of  the  brain
resides. (In  the  black  and  white  printout,  the  dark  red  in the  low-frequency  band  appears  as  dark  grey  tones  that  are nearly  black.)
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Figure  2  Case  2  (A)  EEG  with  evidence  of  bilateral  epileptiform  discharges  with  spike-and-wave  complexes  between  2  and 3  Hz
and up  to  300 �V in  amplitude,  with  maximum  amplitude  in the  temporal  lobe  and  parieto-occipital  regions  of  the  right  hemisphere
(F8, T4,  T6,  O2).  Low-frequency  filter:  0.53  Hz;  high-frequency  filter:  30  Hz;  notch  filter:  50  Hz.  Vertical  bar:  200 �V,  horizontal  bar:
1 s;  (B)  DSA  initially  characterised  by  a  dark  red  spike  pattern  with  predominance  of  the  right  hemisphere  due  to  the  high  amplitude
of the  epileptic  discharges  on  this  side.  Following  initiation  of  IV thiopental,  the  DSA  shows  a  progressive  change  until  blue  tones
become predominant,  which  indicates  a  drop  in brain  wave  amplitude  consistent  with  a  burst-suppression  pattern.  (In  the  black
and white  printout,  the  dark  red  in the  low-frequency  band  appears  as  dark  grey  tones  that  are  nearly  black.  Following  initiation
of thiopental,  these  tones  lighten  progressively  under  the  white  line  [SEF]  until they disappear.)
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Primary lymphoedema outside
the neonatal period�

Linfedema primario  fuera  del periodo
neonatal

Dear Editor:

Primary  lymphoedema  is  a rare  disease,  usually  with  onset  in
prepubertal  girls,  and  its  prevalence  ranges  between  1/6000
and  1/100  000  in the population.1,2

It  is caused  by  abnormal  angiogenesis  during embryonic
development,  usually  due  to mutations  in  genes  responsible
for  it.2 In  up  to  80%  of  cases  it manifests  in the  lower  extrem-
ities,  although  it  can  involve  the upper  extremities,  face and
genitals.  Focal  lymphatic  abnormalities  lead  to  an accumu-
lation  of lymph  that,  when  sustained,  stimulates  fibrosis  and
produces  a  localised,  chronic  and progressive  oedema.  In
the  early  stages,  the  oedema  is not associated  with  pain,
warmth,  erythema  or  functional  impairment.

In  1934,  Allen  classified  primary  lymphoedema  based
on  the  age  of  onset  into  congenital,  praecox  and tarda.2

Recently,  Connell  et al.2 proposed  a  new  classification  that
took  into  account  the different  clinical  presentations  and
known  mutations,  giving  rise to  a  complex  diagnostic  algo-
rithm  that  encompassed  26  possible  diagnoses.

We  present  the  cases of  six patients  with  primary  lym-
phoedema  diagnosed  in  our centre,  whose  clinical  and
demographic  characteristics  are summarised  in Table  1.  Most
of  the  patients  were  female,  and  the age  of  onset  ranged
between  5 and  12  years  (median,  10.5).  None  of  the patients
had  associated  malformations  or  a relevant  personal  his-
tory.  Fifty  percent  had  a  family  history  of  lymphoedema.
The  time  elapsed  from  the  onset  of symptoms  to  diagnosis
ranged  between  3  months  and  4.3  years  (median,  9 months).
Patients  were  referred  to  a  specialist  to rule  out  arthri-
tis  as  the  cause  of  the swelling  of  the hand  or  dorsum  of
the  foot.  None  of  the patients  reported  arthralgia,  morning
stiffness  or  functional  impairment,  and,  as  is  characteris-
tic  of  lymphoedema,  the swelling  improved  with  night  rest
and  worsened  with  standing.  Physical  examination  found
soft  tissue  oedema  in all  patients,  with  no  abnormalities  in

� Please cite this article as: Barral Mena E, Soriano-Ramos M,
Pavo García MR, Llorente Otones L,  de Inocencio Arocena J.  Lin-
fedema primario fuera del periodo neonatal. An Pediatr (Barc).
2016;85:47---49.

the  joints.  The  results  of  the  blood  panel  (blood  counts,
acute  phase  reactants,  TSH,  albumin,  total  protein)  and  the
routine  urinalysis  were  also  normal.

Most  of  the patients  had  been  assessed  previously  in other
departments  of  the hospital  (traumatology,  plastic  surgery,
dermatology,  emergency),  and underwent  different  imag-
ing  tests  (conventional  ultrasound,  Doppler  ultrasound,  MRI)
that  revealed  the presence  of  oedema  in  the subcutaneous
tissue.

The  gold standard  for  the diagnosis  of lymphoedema
is  lymphoscintigraphy,  which  assesses  the velocity  of  the
migration  of  a radioactive  tracer  through  the lymphatic
vessels.  The  tracer  is  injected  in  the  dermis  of an  inter-
digital  web space  and  tracked  by a scintillation  camera.
This  is  a minimally  invasive  and reproducible  test  that  can
be  performed  in children.  In  patients  with  primary  lym-
phoedema,  this method  detects  absent  or  delayed  tracer
migration3 (Fig.  1).  In  a study  conducted  in 107 patients
with  primary  lymphoedema,  Kinmonth  et al.  presented  the
structural  abnormalities  that  could  be detected  by  lym-
phoscintigraphy  and  classified  them  into  three  categories:
aplasia  (absence  of  lymphatic  vessels),  hypoplasia  (small
number  or  size  of lymphatic  vessels)  and  hyperplasia  (tor-
tuous  lymphatic  vessels).1 All  our  patients  presented  this
type of abnormalities  in the lymphatic  system,  and  were
classified  according  to  the  scheme  proposed  by  Connell
et al.2 Other  imaging  techniques  that  have  been  used in
more  recent studies  but  have  not  been widely  introduced  in
clinical  practice  include  indocyanine  green  lymphography,4

which  exposes  the  patient  to  radiation,  and magnetic  reso-
nance  lymphangiography  using  gadobenate  dimeglumine  as
the  contrast  agent,5 which  does  not involve  exposure  to  radi-
ation  and  can  obtain  dynamic  sequences,  both  of  which  are
as  efficacious  as  lymphoscintigraphy  in detecting  abnormal-
ities  in lymph  circulation.

The  management  of primary  lymphoedema  is  mainly  con-
servative,  with  the first  line  treatment  consisting  of  manual
lymph  drainage  or  compression  therapy.  Avoidance  of  pro-
longed  standing,  the use  compression  stockings,  and  regular
physical  activity  combined  with  adequate  skin  care  usually
suffice  in  most  cases.3 These  measures  were  implemented
in  all  of  our  patients  and  succeeded  in controlling  the  lym-
phoedema.  The  prognosis  of  lymphoedema  is  good,  as  the
disease stabilises  in  half  of the patients  (57%),6 although
surgical  measures  are available  for  the  most  severe  cases.3

Swelling  of  the  extremities  in  the paediatric  age group
requires  a broad  differential  diagnosis  including  traumatic
injury,  cellulitis,  arthritis,  venous  insufficiency,  deep  vein
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