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Summary
Background.  —  Convulsive  syncope  and  epileptic  seizure  share  many  similar  clinical  features.
Early diagnosis  is  critical  for  choosing  the  appropriate  management  strategy.
Aim. —  Our  aim  was  to  evaluate  the  diagnostic  yield  of  an  innovative  diagnostic  strategy  —–
combined  head-up  tilt  test  (HUT)/video  electroencephalogram  (EEG)  monitoring  —– in  patients
with unexplained  seizure-like  transient  loss  of  consciousness  (T-LOC).
Methods.  —  Combined  HUT/video  EEG  was  performed  in  patients  with  unexplained  atypical

T-LOC with  both  syncope  and  seizure  characteristics  remaining  undiagnosed  after  a  first-line
investigation.  T-LOC  diagnosis  was  achieved  in  case  of  reproduction  of  usual  symptoms.  Events
were classified  as  vasovagal,  psychogenic  or  epilepsy.  The  link  between  EEG  abnormalities  and
T-LOC was  determined  by  an  epilepsy  specialist.  Clinical  follow-up  was  performed  to  assess
T-LOC recurrence.

Abbreviations: AED, antiepileptic drug; BP, blood pressure; CI, confidence interval; EEG, electroencephalogram; HUT, head-up tilt test;
R, odds ratio; T-LOC, transient loss of consciousness.
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Results.  —  Hundred  and  one  consecutive  patients  were  prospectively  enrolled  (median  age  26
[19; 46]  years;  72%  female)  and  underwent  combined  HUT/video  EEG  between  2007  and  2015.
Antiepileptic  drugs  were  being  prescribed  in  42%  of  patients.  Combined  HUT/video  EEG  was
diagnostic in  67%  of  patients,  leading  to  diagnosis  of  vasovagal  syncope  in  59  patients  and  psy-
chogenic pseudosyncope  in  nine  cases.  Antiepileptic  drugs  were  discontinued  in  18  patients
without  epilepsy.  Independent  predictors  of  a  definitive  diagnosis  were  the  presence  of  pro-
dromal symptoms  (odds  ratio  5.97,  95%  confidence  interval  1.37—26;  P  =  0.017)  and  a  history  of
myoclonic  jerks  during  T-LOC  (odds  ratio  4.36,  95%  confidence  interval  1.71—11.15;  P  =  0.002).
Conclusions.  —  Combined  HUT/video  EEG  is  useful  for  investigating  recurrent  unexplained
atypical  seizure-like  T-LOC,  especially  in  patients  with  a  history  of  myoclonic  jerks  or  with
documented  interictal  non-specific  EEG  abnormalities.
© 2019  Elsevier  Masson  SAS.  All  rights  reserved.
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Résumé
Contexte.  —  Les  syncopes  convulsivantes  et  les  crises  d’épilepsies  sont  des  évènements  clin-
iques présentant  des  caractéristiques  cliniques  communes  pouvant  aboutir  à  un  diagnostic
erroné en  pratique  courante.
Objectif.  —  Le  but  de  cette  étude  est  d’évaluer  la  valeur  diagnostique  du  tilt  test  couplé  à
l’électroencéphalogramme  sur  une  cohorte  de  patients  présentant  des  pertes  de  connaissance
transitoires  atypiques  inexpliquées  récidivantes.
Méthodes.  — Un  tilt  test  couplé  à  un  électroencéphalogramme  a  été  réalisé  sur  une  cohorte
de patients  présentant  des  pertes  de  connaissances  atypiques,  récidivantes,  et  inexpliquées
malgré une  1re ligne  d’investigation.  Le  diagnostic  était  retenu  en  cas  de  reproduction  de  la
symptomatologie  habituelle  au  cours  du  test.  Les  diagnostics  pouvaient  être  :  une  syncope
vagale, une  perte  de  connaissance  psychogène  ou  une  crise  épileptique.  Le  lien  entre  l’EEG  et
la clinique  était  déterminé  par  un  neurologue  spécialisé  en  neurophysiologie.  Un  suivi  clinique
a été  réalisé  afin  d’évaluer  l’incidence  des  récidives  de  perte  de  connaissance  après  le  test.
Résultats.  — Cent  un  patients  ont  été  inclus  prospectivement  (âge  26  [19  ;  46]  ans  ;  sexe  féminin
72 %)  et  ont  bénéficié  de  la  réalisation  d’un  tilt  test  couplé  à  un  électroencéphalogramme
entre 2007  et  2015.  Un  traitement  antiépileptique  était  prescrit  chez  42  %  des  patients.  Le
tilt test  couple  à  l’EEG  a  permis  d’établir  un  diagnostic  chez  67  %  des  patients  avec  59  syn-
copes vasovagales  et  9  pertes  de  connaissance  psychogène.  Les  traitements  antiépileptiques
ont été  interrompus  chez  18  patients  considérés  épileptiques  avant  le  test.  Les  facteurs  pré-
dictifs indépendants  de  poser  un  diagnostic  était  la  présence  de  prodromes  (OR  5,97,  IC  95  %
1,37—26 ;  p<  =  0,017)  et  la  présence  de  mouvements  anormaux  rapportés  par  les  témoins  durant
la perte  de  connaissance  (OR  4,36,  IC  95  %  1,71—11,15  ;  p  =  0,002).
Conclusions.  —  Le  tilt  test  couple  à  l’EEG  peut  être  utile  dans  l’exploration  diagnostique  des
pertes de  connaissances  atypiques  récidivantes  sans  diagnostic  étiologique  établi.  Cette  per-
formance diagnostique  est  d’autant  plus  importante  chez  les  patients  aux  antécédents  de
mouvements  anormaux  lors  des  épisodes  cliniques.
© 2019  Elsevier  Masson  SAS.  Tous  droits  réservés.

d
u
T
b
c

s
seizures,  which  are  related  to  an  abnormal  paroxysmal
Background

Transient  loss  of  consciousness  (T-LOC)  is  a  common  event
in  the  general  population,  accounting  for  3—6%  of  emer-
gency  department  admissions  [1],  and  is  very  often  caused
by  syncope  (i.e.  has  a  rapid  onset,  short  duration  and  sponta-
neous  complete  recovery).  T-LOC  leads  to  hospitalization  in
approximately  40%  of  cases,  and  has  high  direct  and  indirect

social  costs  [2—4].  Recent  guidelines  for  the  management  of
syncope  have  improved  diagnosis  efficiency  for  T-LOC  aeti-
ology,  in  order  to  define  the  exact  mechanism  [5].  However,
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espite  thorough  investigation,  some  cases  of  T-LOC  remain
ndiagnosed.  Most  of  the  time,  these  unexplained  cases  of
-LOC  are  the  result  of  an  atypical  clinical  history  reported
y  the  patient  or  an  eyewitness,  with  syncope  and  seizure
haracteristics  [6—8].

On  a  pathophysiological  basis,  syncope  is  caused  by  tran-
ient  global  cerebral  hypoperfusion,  as  opposed  to  epileptic
euronal  discharge.  These  two  entities,  although  patho-
hysiologically  different,  can  lead  to  the  same  confusing
resentation,  sometimes  with  common  clinical  features,
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uch  as  prolonged  loss  of  consciousness,  stiffness,  myoclonic
erks  or  a  long  time  to  recovery  of  consciousness  [9—12].  In
ome  cases,  unusual  epileptic  cardiac  asystole  can  lead  to
aemodynamic  changes  and  T-LOC  resulting  from  increased
arasympathetic  flow  [13—16].

An  electroencephalogram  (EEG)  is  commonly  used  to
iagnose  epileptic  seizures,  by  displaying  abnormal  parox-
smal  activities  correlated  with  clinical  symptoms  [17]. In
ome  cases,  there  is  a  lack  of  specificity,  and  ‘‘epileptiform’’
ctivities  may  be  observed  in  healthy  subjects  in  0.5—2.4%  of
ases  [18,19].  Therefore,  patients  with  unexplained  seizure-
ike  T-LOC  and  ‘‘epileptiform’’  activities  recorded  on  an  EEG

utside  of  a  clinical  event  can  be  wrongly  considered  as
aving  epilepsy  and  incorrectly  treated  with  antiepileptic
rugs  (AEDs).  A  head-up  tilt  test  (HUT)  is  usually  used  to
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igure 1. A. Flow chart for the diagnostic approach to patients with at
lso included patients with epilepsy undergoing long-term follow-up at 

ather than epileptic (e.g. different T-LOC picture or poor response to an
ombined ‘‘heart/brain’’ testing, i.e. head-up tilt test (HUT)/video el
ossibility, taking into account HUT-induced haemodynamic changes and
S.  Ninni  et  al.

nvestigate  unexplained  T-LOC  in  the  absence  of  structural
ardiac  disease,  especially  when  a  reflex  syncope  is  sus-
ected  [5,20—22].  HUT  has  also  been  evaluated  in  patients
ith  frequent  T-LOC  suspected  to  be  of  psychogenic  origin

23], and  in  the  elderly,  to  help  distinguish  syncope  from
alls  [24]. In  the  setting  of  atypical  unexplained  T-LOC  with
yncope  and  seizure  characteristics,  the  usual  ‘‘separated’’
ardiological  or  neurological  diagnostic  approach  has  its
imits.  In  this  regard,  the  contribution  of  EEG  may  be  of
alue  to  study  brain  function  during  tilt-induced  T-LOC,  as
hown  by  studies  of  EEG  changes  during  tilt-induced  vasova-
al  syncope  [10,25,26]. Therefore,  it  can  be  assumed  that  a

ombined  ‘‘heart/brain’’  approach  could  be  useful  to  estab-
ish  a  definitive  diagnosis  by  using  concomitant  HUT  with  EEG
nd  video  data  (video  EEG).

ypical transient loss of consciousness (T-LOC). The study population
the epilepsy unit to re-evaluate if recurrent T-LOCs were syncopal
tiepileptic drugs). B. Different possible diagnostic sequences during
ectroencephalogram (EEG): each timeline represents a diagnostic

 EEG abnormalities.
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Combined  HUT/video  EEG  in  the  evaluation  of  atypical  T-LO

To  date,  only  two  studies  have  investigated  this  combined
diagnostic  strategy:  the  first  study  was  by  LaRoche  et  al.
in  40  patients  with  unexplained  atypical  T-LOC,  with  65%
diagnosis  and  discontinuation  of  AEDs  in  seven  patients  [27];
the  second  study  was  by  Yilmaz  et  al.  in  19  children  with
unexplained  T-LOC,  with  AED  disruption  in  six  cases  [28].
Despite  these  preliminary  studies,  the  clinical  situation  that
will  derive  potential  benefit  from  this  combined  strategy  and
the  usefulness  of  EEG  recording  during  HUT  remain  unclear.

Consequently,  we  aimed:
• to  determine  the  overall  diagnostic  value  of  this

‘‘heart/brain’’  strategy  in  a  large  population  of  patients
presenting  with  atypical  recurrent  unexplained  seizure-
like  T-LOC  who  remained  undiagnosed  after  a  first-line
investigation;

• to  identify  the  predictors  for  making  a  definitive  diagno-
sis;

• and  to  evaluate  the  impact  of  AED  disruption  during
follow-up.

Methods

Study design and patient selection

This  single-centre  multidisciplinary  open  study  evaluat-
ing  an  innovative  diagnostic  strategy  was  performed  in
the  Cardiology  Department  and  Epilepsy  Specialist  Unit  of
Lille  University  Hospital  from  2007  to  2015.  All  patients
with  atypical  unexplained  T-LOC  with  syncope  and  seizure
characteristics  were  considered  eligible  and  were  enrolled
consecutively.  Combined  HUT/video  EEG  was  performed  in
patients  who  remained  undiagnosed  after  first-line  standard
neurological  and/or  cardiological  investigations.  Selected
data  on  demographics,  medical  history  and  clinical  char-
acteristics  were  recorded.  For  patients  with  a  history  of
‘‘epileptic  seizure’’,  additional  diagnostic  criteria  were
recorded.  Patients  with  a  misdiagnosis  related  to  fall,  drop
attacks,  cataplexy,  drunkenness  or  stroke  were  excluded.  In
accordance  with  French  legislation,  our  non-interventional
study  was  registered  with  the  National  Data  Protection
Commission  (Commission  Nationale  de  l’Informatique  et  des
Libertés,  reference  DEC16-61).

An  atypical  T-LOC  diagnostic  algorithm  was  developed  by
a  consensus  group,  which  included  all  active  investigators  of
the  study,  to  consider:
• all  published  guidelines  on  syncope;
• overall  yield  of  available  diagnostic  procedures  in  syn-

cope;
• estimations  of  prevalence  of  various  causes  of  syncope;
• the  specific  experience  of  the  investigators.  The  diagnos-

tic  approach  and  diagnostic  sequences  are  reported  in
Fig.  1A  and  B,  respectively.

Epilepsy subpopulations

For  patients  initially  diagnosed  with  ‘‘epilepsy’’,  we  dis-
tinguished  two  patterns  of  confirmed  or  presumed  epilepsy

depending  on  symptoms  and  abnormalities  recorded  during
the  EEG.  The  indication  for  combined  HUT/video  EEG  was
based  on  the  relevance  of  the  diagnosis,  as  illustrated  in
Fig.  1A.  In  some  cases,  epilepsy  was  confirmed  by  at  least
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ne  EEG  recorded  during  seizure.  A  different  T-LOC  picture
esembling  syncope  was  also  reported  by  patients  in  the
‘true  epileptic’’  subpopulation  or  an  eyewitness,  and  com-
ined  HUT/video  EEG  was  performed  to  determine  the  exact
ature  of  the  T-LOC,  and  to  assess  if  a  relationship  between
pilepsy  and  vasovagal  syncope  could  be  found.

In  other  cases,  the  diagnosis  of  epilepsy  was  just  pre-
umed,  sometimes  based  on  the  association  of  clinical
escription  with  interictal  EEG  findings,  or  clinical  suspi-
ion  with  empirical  prescription  of  AEDs,  despite  a  lack  of
EG  evidence  of  epilepsy.  For  patients  in  this  ‘‘presumed
pileptic’’  subpopulation,  combined  HUT/video  EEG  aimed
o  investigate  the  relationship  between  clinical  symptoms
nd  EEG  changes,  and  to  determine  if  vasovagal  or  psy-
hogenic  syncope  was  the  cause  of  T-LOC.

ombined HUT/video EEG protocol and
efinitions

UT  was  performed  according  to  a  standardized  previ-
usly  described  protocol  [5,21].  Subjects  were  tested  in  the
bsence  of  any  active  cardiovascular  drug,  in  a  quiet  room.
eart  rate  and  blood  pressure  (BP)  were  monitored  con-
inuously  using  non-invasive  finger  arterial  plethysmography
exfin

®
(BMEYE  B.V.,  Amsterdam,  The  Netherlands).  Base-

ine  measurements  were  obtained  after  15  minutes  in  the
upine  position;  patients  were  then  tilted  upright  to  70◦ for
0  minutes.  HUT  was  considered  positive  if  a  vasovagal  reac-
ion  occurred  (BP  fall  and/or  bradycardia).  If  no  symptoms
ccurred  at  the  end  of  the  passive  phase,  HUT  was  sensi-
ized  with  isoproterenol  (1—3  �g/min  intravenously)  and/or
itroglycerine  (400  �g  sublingually).  Vasovagal  responses
ere  classified  as  vasodepressor  (BP  fall  without  bradycar-
ia),  cardioinhibitory  (heart  rate  ≤  40  bpm  for  >  10  seconds
r  asystole  ≥  3  seconds)  or  mixed  (BP  fall  following  moderate
radycardia  ≥  40  bpm).  Synchronously  during  HUT,  standard
EG  SystemPLUS

®
equipment  and  software  with  a  digital

ideo  camera  (Micromed  S.p.A.,  Mogliano  Veneto,  Italy)
ere  used  to  assess  brain  activity.  All  EEGs  were  performed
y  using  19  disc  electrodes  attached  to  the  scalp  (accord-
ng  to  the  international  10—20  system)  with  conductive
aste,  a  sampling  frequency  of  256  Hz,  a  band  pass  filter
f  0.5—70  Hz  and  two  electrodes  for  continuous  electro-
ardiogram  co-registration  [17]. EEG  abnormalities  were
lassified  as  paroxysmal  activities  or  slow/flat  waves,  and
heir  location  was  noted.  All  EEG  recordings  were  inter-
reted  independently  by  a  blinded  expert  neurologist,  and
bnormal  activities  were  correlated  with  the  video  record-
ng.

lassification of combined HUT/video EEG
esults

iagnosis,  at  the  end  of  test,  was  achieved  in  case  of  repro-
uction  of  the  patient’s  usual  symptoms,  as  illustrated  in
ig.  1B.  A  diagnosis  of  vasovagal  syncope  was  made  in
ase  of  haemodynamic  changes  (BP  fall  and/or  bradycardia)

eproducing  the  patient’s  symptoms.  A  diagnosis  of  pseu-
opsychogenic  syncope  was  made  in  case  of  reproduction
f  the  patient’s  symptoms  without  haemodynamic  changes
r  EEG  abnormalities.  When  slow  waves  occurred  after
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aemodynamic  changes,  we  concluded  that  the  patient  was
xperiencing  cerebral  hypoperfusion.  If  EEG  abnormalities
ccurred  before  haemodynamic  changes,  we  determined  if
here  was  a  link  with  haemodynamic  changes  and/or  clinical
vents  using  video  monitoring  and  real-time  haemodynamic
onitoring.

utcomes

fter  testing,  patients  with  vasovagal  syncope  were  reas-
ured  and  instructed  to  recognize  premonitory  symptoms  (if
ny),  avoid  provocative  situations  and  increase  salt  intake;
hey  were  also  instructed  to  perform  physical  counter

anoeuvres,  such  as  leg  crossing,  combined  with  leg,  but-

ock  and  abdominal  muscle  tensing,  and  isometric  arm
xercises  to  improve  venous  return  and  abort  vasovagal
eactions.  We  recorded  if  the  result  led  to  disruption  of  AEDs

v
c
p
v

Table  1  Demographic  and  baseline  characteristics  of  the  stud

Total  (n  =  101)  No
(n 

Age  (years)  26  [19;  46]  23
Female  sexa 72  (72)  17
Cardiovascular  co-morbiditiesa 17  (17)  6  (

Hypertension  9  1  

Cardiac  valvulopathy  2  2  

Myocardial  infarction  1  1  

Congenital  cardiopathy  1  1  

Accessory  pathway  1  0  

Peripheral  arteriopathy  1  1  

Congenital  long  QT  syndrome  1  0  

Neurological  diseasesa 19  (19)  7  (
Migraine  without  aura  9  3  

Migraine  with  aura  1  1  

Multiple  sclerosis 2  1  

Stroke  2  1  

Tumour 3  1  

Viral  encephalitis 1  0  

History  of  ‘‘epileptic  seizure’’a 45  (45)  11
EEG  abnormalities  correlated

with  seizure  (confirmed  epilepsy)b
11  (11)  3  (

Documented  interictal
paroxysmal  EEG  activities
(presumed  epilepsy)b

20  (20)  4  (

AED  treatment  despite  normal
EEG  (presumed  epilepsy)b

14  (14)  4  (

Psychiatric  illnessb 10  (10)  4  (
AED-treated  patientsa 42  (42)  10
AED  treatment  duration  (years)  1  [0.4;  3]  1  [
Antihypertensive  treatmentb 14  (14)  6  (

ACE-I  7  (7)  3  (
Beta-blocker  7  (7)  3  (
Diuretic  3  (3)  2  (
Calcium  channel  blocker  3  (3)  0  

Data are expressed as median [interquartile range], number (%) or numb
inhibitor; EEG: electroencephalogram.
a �2 test.
b Fisher’s exact test.
S.  Ninni  et  al.

n  the  ‘‘presumed  epileptic’’  subpopulation,  and  if  patients
xperienced  another  T-LOC  or  seizure  confirmed  by  EEG.
fter  discharge,  follow-up  was  performed  in  all  patients
very  6—12  months  at  our  outpatient  cardiology  or  neurol-
gy  clinic.  Primary  endpoints  were  the  recurrence  of  T-LOC
nd  the  number  of  episodes.

tatistical analysis

ontinuous  variables  are  expressed  as  means  and  standard
eviations  for  cases  approximated  by  a  normal  distribution
r  as  medians  [interquartile  ranges]  otherwise.  A  Shapiro-
ilk  test  was  performed  to  assess  normality  for  continuous
ariables.  Qualitative  variables  are  expressed  as  frequen-
ies  and  percentages.  Comparisons  between  groups  were
erformed  using  the  Mann-Whitney  U  test  for  continuous
ariables  and  the  �2 test  or  Fisher’s  exact  test  for  categorical

y  population.

 diagnosis
=  33;  33%)

Positive  diagnosis
(n  =  68;  67%)

P

 [19;  49]  27  [19;  46]  0.89
 (52)  55  (81)  0.0022
18)  11  (16)  0.8

8
0
0
0
1
0
1

21)  12  (18)  0.67
6
0
1
1
2
1

 (33)  34  (50)  0.11
9)  8  (12)  1

12)  16  (24)  0.18

12)  10  (15)  1

12)  6  (9)  0.72
 (30)  32  (47)  0.11
0;  1]  1.5  [0.4;  3]  0.13
18)  8  (12)  0.38
9)  4  (6)
9)  4  (6)
6)  1  (1)

3  (4)

er. AED: antiepileptic drug; ACE-I: angiotensin-converting-enzyme
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variables.  Factors  associated  with  a  diagnosis  were  deter-
mined  using  standard  logistic  regression  with  a  stepwise
analysis.  Variables  included  in  the  multivariable  analysis
were  those  reaching  a  significance  level  of  P  ≤  0.1  in  the
bivariate  analysis,  to  avoid  excessive  variables  in  the  model.
Results  of  the  multivariable  analysis  are  reported  as  odds
ratios  (ORs)  with  corresponding  95%  confidence  intervals
(CIs)  and  P-values.  All  statistical  analyses  were  performed
using  SPSS  software,  version  22.0  (SPSS  Institute,  Inc.,
Chicago,  IL,  USA).  A  P-value  <  0.05  was  considered  statis-
tically  significant.

Results

Study population characteristics

From  2007  to  2015,  112  consecutive  patients  were  referred
for  atypical  unexplained  recurrent  T-LOC  with  both  syn-
cope  and  seizure  characteristics,  undiagnosed  at  initial
evaluation.  One  hundred  and  one  patients  underwent  HUT
combined  with  video  EEG  (a  technical  problem  with  the  EEG
recording  occurred  during  three  tests,  and  eight  patients  did
not  attend  their  appointment).  All  of  these  patients  had  a
first-line  standard  cardiological  or  neurological  evaluation.
Baseline  characteristics  are  reported  in  Table  1.  Follow-up
was  performed  for  a  median  of  3  years.  Patients  were  pre-
dominantly  female  (72%),  and  the  median  age  was  26  [19;
46]  years.  In  45  patients,  a  history  of  ‘‘epileptic  seizure’’
episodes  was  reported;  among  these,  a  diagnosis  of  epilepsy

was  confirmed  in  11  patients,  who  also  reported  differ-
ent  kinds  of  T-LOC  (‘‘true  epileptic’’  subpopulation),  and
presumed  in  34  patients,  20  with  documented  interictal
paroxysmal  EEG  activities  and  14  taking  AEDs  only  based

E

C
i

Table  2  Details  of  transient  loss  of  consciousness  characteris

Total  (n  =  101)

Duration  of  symptoms  (months)  24  [10;  54]  

Number  of  T-LOC  episodes
1  6  (6)  

2—5  35  (35)  

>  5  59  (58)  

T-LOC  duration  >  1  mina 46  (45)  

Prodromal  symptomsa 91  (90)  

Hot  flushing  36  

Ringing  in  the  ears  (tinnitus)  17  

Blurred  or  faded  vision  34  

Diaphoresis  10  

Dizziness/light-headedness  30  

Nausea/epigastric  discomfort  17  

Paraesthesias  19  

Headache  5  

History  of  myoclonic  jerksb 61  (60)  

Postictal  confusionb 30  (30)  

Data are expressed as median [interquartile range], number (%) or num
a Fisher’s exact test.
b �2 test.
87

n  clinical  suspicion  (‘‘presumed  epileptic’’  subpopulation).
verall,  AEDs  were  prescribed  for  42%  of  the  population  for  a
ean  duration  of  1  year  (11  in  the  ‘‘true  epileptic’’  subpop-

lation  and  31  in  the  ‘‘presumed  epileptic’’  subpopulation).
istory  of  psychiatric  illness  was  present  in  10%  of  patients.

-LOC characteristics at first-line presentation

-LOC  was  reported  for  a median  duration  of  24  months
Table  2).  Most  patients  experienced  numerous  atypical
nexplained  T-LOC  episodes  (58%  had  more  than  five
pisodes),  with  syncope  and  seizure  characteristics.  Dura-
ion  of  T-LOC  was  >  1  minute  in  45%  of  patients.  Ninety  per
ent  described  prodromal  symptoms,  especially  hot  flush-
ng,  blurred  vision  and  dizziness.  Abnormal  movements  were
eported  in  60%  of  patients.

nitial standard ‘‘separated’’ cardiological
nd/or neurological investigations

nvestigations  performed  during  initial  diagnostic  phase  are
etailed  Table  3.  Most  patients  had  had  first-line  neurologi-
al  investigations  (95%),  especially  standard  EEG  (86%)  and
euroimaging  (75%).  Only  39%  had  undergone  cardiological
nvestigations.  Standard  HUT  had  been  performed  previously
n  21  patients.  Few  patients  had  experienced  more  invasive
nvestigations  (electrophysiological  study,  n  =  3;  implantable
oop  recorder,  n  =  7).

iagnostic value of the combined HUT/video

EG strategy

ombined  HUT/video  EEG  was  diagnostic  in  68  patients,
ncluding  59  cases  of  vasovagal  syncope  and  nine  cases

tics  in  the  study  population.

 No  diagnosis
(n =  33;  33%)

Positive  diagnosis
(n  =  68;  67%)

P

24  [5;  66]  24  [12;  45]  0.81

2  (6)  4  (6)
14  (42)  21  (31)
14  (42)  45  (66)
12  (36)  24  (35)  0.54
25  (76)  66  (97)  0.0018
8  28
7  10
13  21
2  8
12  18
3  14
6  13
2  3
10  (30)  51  (75)  <  0.0001
10  (30)  20  (29)  0.93

ber. T-LOC: transient loss of consciousness.
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Table  3  Details  of  cardiological  and  neurological  assessment  during  first-line  standard  evaluation.

Total  (n  =  101)  No  diagnosis
(n =  33;  33%)

Positive  diagnosis
(n  =  68;  67%)

P

Cardiological  investigationsa 39  (39)  14  (42)  25  (37)  0.58
Echocardiography  26  (26)  9  (27)  17  (25)
Stress  test  12  (12)  7  (21)  5  (7)
Head-up  tilt  test  12  (12)  3  (9)  9  (13)
Ambulatory  Holter  ECG 21  (21) 9  (27) 12  (18)
Ambulatory  BP  monitoring 3  (3) 2 (6) 1  (1)
Implantable  loop  recorder 7  (7) 3 (9) 4  (6)
Electrophysiological  study  3  (3)  2  (6)  1  (1)

Neurological  investigationsb 95  (95)  30  (91)  65  (96)  0.39
MRI  scan  63  (62)  18  (55)  45  (66)
CT  scan  13  (13)  2  (6)  11  (16)
Standard  EEG  recording  87  (86)  26  (79)  61  (90)
Prolonged  video  EEG 27  (27) 8  (24) 19  (28)

Data are expressed as number (%). BP: blood pressure; CT: computed tomography; ECG: electrocardiogram; EEG: electroencephalogram;
MRI: magnetic resonance imaging.
a �2 test.
b Fisher’s exact test.

Figure 2. Electroencephalogram (EEG) recording during head-up tilt test (HUT) in patients in the ‘‘presumed-epileptic’’ subpopulation
treated with antiepileptic drugs (AEDs) based only on clinical suspicion of epilepsy (normal EEGs). HUT induced convulsive transient loss
of consciousness with generalized myoclonus related to malignant vasovagal syndrome, with cardiac asystole of 10-second duration (see
the electrocardiogram channel in pink). The EEG demonstrated generalized slowing as a result of cerebral hypoperfusion, followed by
generalized suppression during asystole and generalized slowing again on resumption of sinus rhythm (‘‘slow-flat-slow’’ pattern). In this
case, malignant vasovagal syncope was associated with features closely mimicking seizures, and combined HUT/video EEG proved to be
useful to achieve a definite correct diagnosis and to disrupt unnecessary AEDs.
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of  psychogenic  pseudosyncope.  Overall,  66  patients  had
haemodynamic  changes,  including  seven  false  positives
(i.e.  haemodynamic  changes  without  reproduction  of  the
patient’s  usual  symptoms).  About  40%  of  patients  with  vaso-
vagal  response  had  myoclonic  jerks  related  to  convulsive
syncope,  probably  similar  to  their  usually  reported  seizure-
like  episodes.  Cardioinhibitory  response  was  observed  in  16
patients  (including  six  with  prolonged  asystole  >  10  seconds),
mixed  response  in  21  patients  and  vasodepressive  response
in  22  patients.  All  patients  with  cardioinhibitory  response
and  mixed  syncope  had  a  history  of  myoclonic  jerks.  No
patient  had  seizures.

Abnormal  EEG  activities  were  recorded  in  44  patients  dur-
ing  HUT,  mostly  generalized  slow  waves  related  to  cerebral
hypoperfusion  during  vasovagal  syncope  (n  =  26).  Analysis
of  the  EEG  recording  was  particularly  informative  in  the

‘‘presumed  epileptic’’  subpopulation.  When  presumption  of
epilepsy  was  only  based  on  the  clinical  description,  the  EEG
could  easily  demonstrate  typical  generalized  slowing  and
even  generalized  suppression  during  an  asystolic  event,  to
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Figure 3. Electroencephalogram (EEG) during head-up tilt test (HUT) in
antiepileptic drugs (AEDs) based on atypical presentation with documen
transient loss of consciousness (T-LOC) related to severe bradycardia a
syncope. Paroxysmal diffuse sharp waves had been previously registered
At the beginning of the examination, the same sharp waves were regis
onset of induced syncope, the EEG demonstrated generalized slowing as
vasovagal syncope was associated with features closely mimicking seizur
definite correct diagnosis and to stop AEDs. Without the use of a combin
determine the precise mechanism of the underlying disorders, in particul
documented and T-LOC episodes.
89

xplain  the  seizure-like  episodes  (Fig.  2).  When  the  pre-
umption  was  based  on  interictal  EEG  documentation,  an
ccurate  diagnosis  could  be  achieved  by  the  reproduction
f  previously  syncopal  symptoms  in  the  tilted  position  most
f  the  time.  Indeed,  abnormal  EEG  activities  were  present
rom  the  beginning  of  test  in  15  of  these  patients’  profiles,
ut  no  link  with  vasovagal  syncope  could  be  established.
one  of  the  EEGs  had  epileptiform  discharges,  and  those
ctivities  (mostly  paroxysmal  spike  waves)  were  consid-
red  non-specific  (Fig.  3).  The  haemodynamic  and  EEG  data
ecorded  during  testing  are  detailed  in  Table  4,  and  final
iagnoses  are  illustrated  in  Fig.  4.

A  definitive  diagnosis  was  achieved  in  76%  of  the
‘presumed  epileptic’’  subpopulation:  16/20  of  those  with
nterictal  paroxysmal  EEG  activities;  and  10/14  of  those
or  whom  prescription  of  AEDs  was  only  based  on  clini-

al  presumption.  Among  the  11  patients  in  the  ‘‘confirmed
pileptic’’  subpopulation,  dual  diagnosis  of  epilepsy  and
asovagal  syncope  was  established  in  eight  cases  by  the  com-
ined  strategy,  without  a  need  to  change  AED  medication.

 a patient in the ‘‘presumed-epileptic’’ subpopulation treated with
ted interictal abnormal EEG. In this case, HUT induced convulsive
nd hypotension, making the diagnosis cardioinhibitory vasovagal

 outside any recurrent T-LOC, causing the misdiagnosis of epilepsy.
tered, but without any clinical significance (top of figure). At the

 a result of cerebral hypoperfusion (bottom of figure). Convulsive
es, and combined HUT/video EEG proved to be useful to achieve a
ed ‘‘heart/brain’’ test it would probably have been impossible to
ar the correlation between the ‘‘epileptiform’’ interictal activities
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Table  4  Head-up  tilt  test  and  electroencephalogram  data  collected  during  combined  head-up  tilt  test/video  electroen-
cephalogram  testing.

Total  (n  =  101)  No  diagnosis
(n =  33;  33%)

Positive  diagnosis
(n  =  68;  67%)

P

HUT  data
Haemodynamic  (HR/BP)  changesa 66  (65)  7  (23)  59  (83)  <  0.0001

True  positive  59  0  59
False  positive 7  7  0

No  haemodynamic  (HR/BP)
changes

35 (35) 26  (87) 9  (13)

Sensitizationa 71  (70)  29  (88)  42  (48)  0.007
Isoproterenola 61  (60)  25  (76)  36  (50)  0.027
Nitroglycerinea 26  (26)  13  (39)  13  (18)  0.029

Positive  HUT  responses
Delay  of  positivity  (minutes)  30  [16;  40]  33  [17;  40]b 30  [16;  40]
Cardioinhibitory  response 10  (10) 0b 10  (14)
Prolonged  asystole 6  (6)  0b 6  (9)
Mixed  response 23  (23)  2  (7)b 21  (31)
Vasodepressive  response  27  (27)  5  (17)b 22  (32)
Myoclonic  jerks  22  (22)  0b 22  (32)

Video  EEG  data
Patients  with  abnormal  EEG

activitya
44  (44)  10  (30)  34  (50)  0.06

Details  of  EEG  abnormalities
Slow  waves 26  (26) 3  (9)  23  (34)
Slow  waves  and  paroxysmal

activities
3 (3) 0 3  (4)

Paroxysmal  activities 15  (15) 7  (21) 8  (12)
Sequence  of  EEG  abnormalities  in

patients  with  positive  HUT  and
HMD  changes

After  T-LOC  18  (18)  0b 18  (26)
Before  and  after  T-LOC  17  (17)  2  (6)b 15  (22)

EEG  abnormalities  without  any
HMD  changes

9  (9)  8  (24)  1  (1)

Data are expressed as number (%), number or median [interquartile range]. BP: blood pressure; EEG: electroencephalogram; HR: heart
rate; HMD: haemodynamic; HUT: head-up tilt test; T-LOC: transient loss of consciousness.
a �2 test.
b Data from false positive responses.
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Bivariate  predictors  for  a  positive  diagnosis  were  female
ex  (OR  3.98,  95%  CI  1.6—9.9;  P  =  0.023),  prodromal  symp-
oms  (OR  10.6,  95%  CI  2.09—53.19;  P  =  0.0018)  and  jerking
ovements  reported  by  an  eyewitness  during  T-LOC  (OR  6.9,

5%  CI  2.74—17.37;  P  <  0.0001).  In  multivariable  analysis,
fter  adjustment  for  sex,  prodrome  and  myoclonic  jerks,
ndependent  predictors  of  a  positive  diagnosis  were  the  pres-
nce  of  prodromal  symptoms  (OR  5.97,  95%  CI  1.37—26;

 =  0.017)  and  a  history  of  myoclonic  jerks  during  T-LOC  (OR
.36,  955  CI  1.71—11.15;  P  =  0.002).

ollow-up
fter  combined  HUT/video  EEG,  AEDs  were  disrupted  in
6/26  patients  in  the  ‘‘presumed  epileptic’’  subpopulation
ith  a  positive  test  and  2/8  with  a  negative  test.  During  a
edian  follow-up  of  3  years,  true  epilepsy  occurred  in  only

l
s
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ne  of  these  patients.  Among  the  59  patients  with  vasovagal
yncope,  only  six  had  recurrent  episodes  (Fig.  5).

iscussion

yncope  is  a common  event  in  general  population,  with  a
ifetime  prevalence  of  3.5%  and  a cumulative  incidence  of
7%  in  young  subjects  [29].  In  the  absence  of  cardiovascular
isease,  vasovagal  syncope  is  the  most  frequent  aetiology.
pilepsy  is  another  clinical  condition  with  high  prevalence
ates  in  the  general  population,  with  a  cumulative  lifetime
ncidence  of  3%  [6].  Although  the  underlying  pathophysio-

ogical  processes  are  distinct,  syncope  and  seizures  share
ome  clinical  characteristics  that  may  lead  to  diagnostic
onfusion  [6—8]. The  patient’s  history  is  crucial  for  the
iagnosis,  but  the  diagnostic  value  of  individual  semiologic
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Figure 4. Definite diagnosis in patient with symptom reproduction according to the predetermined diagnostic strategy flow chart. Each
timeline represents a diagnostic sequence. EEG: electroencephalogram; HUT: head-up tilt test; T-LOC: transient loss of consciousness.
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features  is  limited.  Adding  to  the  diagnostic  complexity  is
the  fact  that  seizures  and  syncope  may  co-exist  in  the  same
patient.  Patients  with  misdiagnosis  are  often  investigated
excessively,  treated  inappropriately  and  have  unnecessary
restrictions  placed  on  driving  and  employment.

HUT  is  particularly  interesting  in  atypical  and/or  convul-
sive  syncope  [10,12],  but  alone,  it  can  fail  to  provide  clinical
details  that  may  help  to  distinguish  epileptic  seizures  and
psychogenic  events  from  convulsive  syncope  in  patients  who
are  diagnostic  dilemmas  [26—28,30].  EEG  plays  an  important
role  in  the  differential  diagnosis  of  seizures.  Non-specific
EEG  abnormalities,  however,  are  very  common,  and  the
overinterpretation  of  EEGs  is  an  important  contributor  to
the  misdiagnosis  of  epilepsy  [18,31,32].  Confounding  factors
are  thus  numerous,  either  as  a  result  of  the  atypical  picture
(myoclonic  jerks,  long  T-LOC  duration  and  postictal  confu-
sion  related  to  intensity  of  cerebral  hypoperfusion)  or  the
recording  of  interictal  abnormal  EEG  traces  of  undetermined
clinical  significance.

The  main  results  of  the  study  are:
• the  excellent  diagnostic  yield  of  the  combined  HUT/video

EEG  strategy  in  patients  with  unexplained  seizure-like  T-
LOC;

• the  independent  predictive  value  for  a  positive  diagnosis

of  prodromal  symptoms  and  jerking  movements  during  T-
LOC;

• the  good  prognosis  after  AED  disruption  following  the  test
results.
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iagnostic value of the ‘‘heart/brain’’ strategy
n atypical unexplained T-LOC

n  this  study,  the  diagnostic  yield  of  the  combined  HUT/video
EG  approach  was  67%,  which  could  be  considered  high  in
atients  previously  undiagnosed.  These  results  validate  our
‘heart/brain’’  multidisciplinary  diagnostic  approach  in  such
roblematic  patients,  and  are  in  accordance  with  those  of
aRoche  et  al.,  who  reported  a  65%  diagnostic  yield  in  a
imilar  adult  patient  population  [27]. Despite  these  inter-
sting  results,  combined  HUT/EEG  cannot  be  proposed  for
rst-line  evaluation,  as  the  patients  included  in  the  study
ad  had  numerous  investigations  before  testing,  which  sug-
ests  that  they  were  highly  selected.  Otherwise,  in  the  great
ajority  of  situations,  HUT  alone  is  good  enough  in  the  set-

ing  of  unexplained  T-LOC,  even  if  convulsive.  Recognition
f  the  potential  benefit  of  this  innovative  diagnostic  tool,
owever,  is  likely  to  improve  the  evaluation  of  patients  with
typical  problematic  T-LOC.

iagnostic value of prodromal symptoms and
erking movements during T-LOC
n  this  study,  the  presence  of  prodromal  symptoms  and
he  description  of  myoclonic  jerks  during  episodes  by
yewitnesses  were  both  predictors  of  a  positive  diag-
osis.  Symptoms  such  as  seizure-like  activity  are  often
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Figure 5. Outcome of patients with a positive diagnosis. AED: antiepileptic drug; EEG: electroencephalogram; HUT: head-up tilt test;
T-LOC: transient loss of consciousness.
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sed  to  diagnose  a  seizure  disorder.  Even  if  prodromal
ymptoms  are  suggestive  of  vasovagal  syncope,  the  dif-
erentiation  of  epileptic  seizures  from  non-epileptic  ones
s  sometimes  problematic.  Basically,  epilepsy  is  a  clini-
al  diagnosis.  Unless  one  happens  to  observe  a  seizure
hile  recording  the  EEG,  which  is  a  rare  event  in  gen-
ral  clinical  practice,  the  diagnosis  relies  on  the  judgment
f  a  physician  or  other  healthcare  providers.  This  judg-
ent  ultimately  rests  on  the  history  provided  by  the
atient  or  others.  This  critical  point  highlights  the  diffi-
ulty  that  physicians  (even  those  who  are  well  trained)
an  sometimes  face  when  attempting  to  differentiate  con-
ulsive  syncope  from  seizure.  Many  of  the  misdiagnosed
atients  had  been  initially  diagnosed  with  epilepsy,  and
ere  prescribed  AEDs,  with  potential  adverse  effects.  Com-
ined  HUT/video  EEG,  by  precisely  analysing  the  diagnostic
equence  ‘‘haemodynamic  changes  →  EEG  changes  →  T-
OC  →  myoclonus’’,  is  often  critical  for  making  an  accurate
iagnosis,  and  subsequently  selecting  the  appropriate  treat-
ent.

reat value of EEG recording in patients with
 presumed diagnosis of epilepsy
n  most  atypical  occurrences  of  T-LOC,  a  single  HUT  is
seful  for  making  the  diagnosis,  but  if  there  is  one  sub-
roup  in  which  the  value  of  EEG  recording  during  HUT
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annot  be  questioned,  it  is  the  subgroup  of  patients  with
 presumed  diagnosis  of  epilepsy.  Indeed,  the  EEG  record-
ng  was  particularly  informative  within  the  subgroup  of
atients  with  interictal  abnormal  EEG  traces.  Without
recise  analysis  of  the  semiologic  sequence  during  the
nduced  convulsive  syncope,  as  already  pointed  out,  it
ould  have  been  impossible  to  achieve  a  definitive  diag-
osis  in  order  to  avoid  unnecessary  morbidity.  In  some
f  these  patients,  AEDs  were  continued  despite  a  diag-
ostic  standard  HUT,  because  doubts  persisted  about  the
linical  significance  of  the  abnormal  interictal  traces.  It
as  then  necessary  to  reproduce  the  patients’  usual  symp-

oms  with  concomitant  analysis  of  cerebral  activity.  In  the
resent  study,  a  definitive  diagnosis  of  convulsive  vaso-
agal  syncope  was  achieved  in  16/20  patients  with  such

 profile  at  the  end  of  the  combined  test.  As  a  conse-
uence,  AEDs,  which  had  sometimes  been  prescribed  for

 long  period,  were  disrupted.  In  the  same  way,  an  asso-
iation  between  epilepsy  and  vasovagal  syncope,  rather
han  epilepsy  worsening,  was  found  in  8/11  patients  in
he  ‘‘true  epileptic’’  subpopulation,  and  it  was  not  nec-
ssary  to  increase  or  change  their  AED.  Another  important
oint  relates  to  patients  in  whom  pseudopsychogenic  syn-

ope  could  be  definitively  diagnosed  because  of  the  lack
f  haemodynamic  and  cerebral  activity  changes,  despite  a
erfect  simulation,  in  some  cases,  of  usual  pseudoseizure
-LOC.
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Study limitations

Monitoring  was  carried  out  only  during  programmed  in-
hospital  visits  (no  contact  by  telephone),  and  it  is  possible
that  some  data  were  missed  between  two  visits.  We  report  a
single-centre  experience  with  trained  physicians,  and  repro-
ducibility  of  the  test  should  be  verified.

Conclusions

HUT  combined  with  video  EEG  is  useful  to  investigate
atypical  unexplained  T-LOC  with  syncope  and  seizure  char-
acteristics  as  a  second-line  investigation,  especially  in  case
of  myoclonic  jerks  and/or  interictal  EEG  abnormalities.
This  suggests  the  need  for  closer  and  ongoing  collaboration
between  neurologists  and  cardiologists,  to  provide  optimal
care  for  patients  with  the  diagnostic  dilemma  of  syncope  or
epileptic  seizures.
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