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aroreflex  sensitivity  assessed  with  the
equence  method  is  associated  with
entricular  arrhythmias  in  patients
mplanted  with  a  defibrillator  for  the
rimary  prevention  of  sudden  cardiac  death

a  sensibilité  du  baroréflexe  évaluée  avec  la  méthode  des  séquences  est
ssociée  aux  arythmies  ventriculaires  chez  les  patients  implantés  d’un
éfibrillateur  cardiaque  en  prévention  primaire  de  la  mort  subite
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Summary
Background.  —  Left  ventricular  ejection  fraction  lacks  accuracy  in  predicting  sudden  cardiac
death, resulting  in  unnecessary  implantation  of  cardioverter  defibrillators  for  the  primary  pre-
vention of  sudden  cardiac  death.  Baroreflex  sensitivity  could  help  to  stratify  patients  at  risk  of
ventricular  arrhythmia.
Aim.  —  To  assess  the  association  between  cardiac  baroreflex  sensitivity  and  ventricular  arrhyth-
mias in  patients  implanted  with  an  implantable  cardioverter  defibrillator  for  the  primary
prevention  of  sudden  cardiac  death  after  myocardial  infarction.
Methods.  —  This  case-control  single-centre  study  took  place  between  2015  and  2016.  Cases
(n =  10)  had  experienced  ventricular  arrhythmias  treated  by  the  implantable  cardioverter  defib-
rillator in  the  previous  3  years;  controls  (n  =  22)  had  no  arrhythmia  during  the  same  period.
Baroreflex sensitivity  was  assessed  using  the  temporal  sequence  method  (mean  slope)  and
cross-spectral  analysis  (low-frequency  gain  and  high-frequency  gain).
Results.  —  The  mean  age  was  65  years;  94%  of  the  patients  were  men.  24-hour  Holter  elec-
trocardiogram  autonomous  nervous  system  variables,  left  ventricular  ejection  fraction  and
N-terminal  prohormone  of  B-type  natriuretic  peptide  (NT-proBNP)  concentration  did  not  dif-
fer between  cases  and  controls.  The  mean  slope  was  lower  in  cases  than  in  controls  (8  vs.
15 ms/mmHg  [P  =  0.009]  in  the  supine  position;  7  vs.  12  ms/mmHg  [P  =  0.038]  in  the  standing
position).  The  mean  slope  in  the  supine  position  was  still  significantly  different  between  groups
after adjustment  for  age,  left  ventricular  ejection  fraction  and  NT-proBNP  (P  =  0.03).  By  com-
parison, low-frequency  gain  and  high-frequency  gain  did  not  differ  between  groups  in  either
the supine  or  the  standing  position.
Conclusion.  —  Patients  with  ventricular  arrhythmias  had  a  lower  mean  slope  compared  with
those who  were  free  of  arrhythmia.  A  prospective  study  is  needed  to  confirm  this  association.
© 2019  Elsevier  Masson  SAS.  All  rights  reserved.
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Résumé
Contexte.  —  La  fraction  d’éjection  du  ventricule  gauche  manque  de  spécificité  pour  prédire  le
risque de  mort  subite  en  prévention  primaire.  La  sensibilité  du  baroréflexe  pourrait  être  un
marqueur  pronostique  plus  discriminant.
Objectif.  —  Nous  avons  évalué  l’association  entre  la  sensibilité  du  baroréflexe  cardiaque  et  les
troubles du  rythme  ventriculaires  chez  des  patients  implantés  de  défibrillateur  en  prévention
primaire  après  un  infarctus  du  myocarde.
Méthodes.  —  Cette  étude  cas-témoin  s’est  déroulée  entre  2015  et  2016.  Les  10  cas  avaient  eu
des arythmies  ventriculaires  traitées  par  leur  défibrillateur  durant  les  3  dernières  années.  Les  22
témoins n’avaient  pas  eu  d’arythmie  durant  cette  même  période.  La  sensibilité  du  baroréflexe
était évaluée  par  la  méthode  des  séquences  (pente  moyenne)  et  par  la  méthode  cross-spectrale
(gain LF  et  gain  HF).
Résultats.  —  La  moyenne  d’âge  était  de  65  ans  et  94%  étaient  des  hommes.  Les  paramètres
Holter-ECG,  la  fraction  d’éjection  du  ventricule  gauche  et  le  NT-proBNP  n’étaient  pas  différents
entre les  cas  et  les  témoins.  La  pente  moyenne  était  plus  basse  chez  les  cas  que  les  témoins
(8 vs  15  ms/mmHg  [p  =  0,009]  en  position  allongée  ;  7  vs  12  ms/mmHg  [p  =  0,038]  en  position
debout). Cette  différence  en  position  allongée  était  significative  après  ajustement  sur  l’âge,  la
fraction d’éjection  du  ventricule  gauche  et  le  NT-proBNP  (p  =  0,03).  Au  contraire,  le  gain  LF  et
le gain  HF  n’étaient  pas  différents  entre  les  2  groupes.
Conclusion.  —  Les  patients  ayant  eu  des  arythmies  ventriculaires  avaient  une  sensibilité  du
baroréflexe  plus  basse  que  les  patients  n’ayant  jamais  eu  d’arythmies.  Une  étude  prospective
est nécessaire  pour  confirmer  cette  association.
© 2019  Elsevier  Masson  SAS.  Tous  droits  réservés.
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mplantable  cardioverter  defibrillators  (ICDs)  used  in  pri-
ary  prevention  have  proved  to  be  efficient  in  the  reduction

f  sudden  cardiac  death.  Indeed,  they  provide  a  mean  reduc-
ion  of  7.9%  in  absolute  mortality  according  to  different
tudies  [1].  As  a  result,  the  number  of  device  implantations
s  booming  [2].  The  other  side  of  the  coin  is  that  prediction
f  sudden  cardiac  death  is  not  accurate  enough,  as  the  num-
er  of  patients  that  have  to  be  implanted  to  save  a  life  after

 years  of  follow-up  ranges  from  four  to  18  [3—5].  Moreover,
CD  implantation  has  numerous  serious  complications.  Lead
ysfunction  occurs  in  40%  of  patients  after  8 years  of  follow-
p,  and  device  infection  occurs  in  5%  of  patients  after  6  years
f  implantation  [6,7].  Nowadays,  international  guidelines
ropose  left  ventricular  ejection  fraction  (LVEF)  as  the  sin-
le  tool  for  predicting  sudden  cardiac  death  [8].  All  of  these
acts  lead  us  to  consider  how  we  can  improve  the  predic-
ion  of  sudden  cardiac  death  in  patients  free  from  previous
entricular  arrhythmia.

Cardiac  baroreflex  sensitivity  (BRS)  is  a  key  mecha-
ism  contributing  to  cardiovascular  autonomic  control;  it
llows  short-term  blood  pressure  regulation  and  heart  rate
ariability.  Indeed,  blood  pressure  fluctuations  will  acti-
ate  arterial  baroreceptors,  inducing  compensatory  changes
n  heart  rate,  cardiac  contractility  and  vascular  tone
9,10].  Alteration  of  this  negative  feedback  loop  contributes
o  sympathetic-parasympathetic  imbalance,  and  has  been
hown  to  be  strongly  associated  with  the  occurrence  and
rogression  of  many  cardiovascular  diseases  [11,12].  In
schaemic  cardiomyopathy,  the  prognostic  value  of  BRS  has
een  investigated,  but  the  endpoint  was  cardiac  mortality
ather  than  ventricular  arrhythmia,  which  is  not  accurate
nough  to  determine  the  extent  to  which  the  ICD  can  pre-
ent  sudden  cardiac  death  in  primary  prevention  [13—16].

Given  the  paucity  of  tools  that  can  lead  to  recommenda-
ion  or  non-recommendation  of  implantation  of  an  ICD  for
rimary  prevention,  we  thought  that  evaluation  of  BRS  as  a
ossibly  valuable  tool  was  warranted.  As  a  first  step,  in  this
ilot  case-control  study,  we  aimed  to  determine  whether
RS  could  be  associated  with  the  occurrence  of  ventricu-
ar  arrhythmias  over  the  3  most  recent  years  in  patients
mplanted  with  an  ICD  for  the  primary  prevention  of  sudden
ardiac  death  after  myocardial  infarction.

ethods

atients

his  pilot  single-centre  case-control  study  (NCT02930382)
ook  place  between  February  2015  and  February  2016  in
he  department  of  cardiology  and  Clinical  Investigation  Cen-
re  1402  in  Poitiers  university  hospital  (France).  All  patients
ith  an  ICD  who  were  referred  to  the  outpatient  cardiology
epartment  were  screened  for  eligibility.  Inclusion  criteria
ere:  ICD  implantation  for  primary  prevention  of  cardiac

udden  death;  ischaemic  cardiomyopathy;  and  ICD  implanta-

ion  for  at  least  3 years.  Exclusion  criteria  were:  ventricular
r  atrial  pacing  ≥  1%;  age  <  18  years;  and  history  of  atrial  fib-
illation.  Cases  were  defined  as  patients  who  had  presented
ne  or  several  episodes  of  sustained  ventricular  tachycardia
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r  ventricular  fibrillation  with  appropriate  ICD  therapy  over
he  last  3  years.  Controls  were  defined  as  patients  who  had
ot  experienced  any  appropriate  ICD  therapy  or  sustained
entricular  arrhythmia  over  the  last  3  years.  The  study  was
onducted  according  to  the  ethical  principles  of  the  Dec-
aration  of  Helsinki  and  the  current  guidelines  for  good
linical  practice.  The  local  ethics  committee  (CPP  Ouest-III
o◦ 2014-A01917-40)  approved  the  study  in  February  2015.
ritten  informed  consent  was  obtained  from  all  subjects.

ata collection

ociodemographic  and  clinical  data  were  collected  during
atients’  visits  to  the  outpatient  cardiology  department.
lectrocardiograms  carried  out  at  ICD  implantation  were
etrieved  from  hospital  medical  records.  PR  interval,  QRS
uration  and  QT  interval  corrected  according  to  Bazett’s  for-
ula  were  measured  and  calculated  by  one  trained  senior

lectrophysiologist.  The  echocardiograms  carried  out  the
onth  before  ICD  implantation  (VividTM 6  or  7  echocardio-

ram;  GE  Healthcare,  Horten,  Norway)  were  reanalysed  by
 senior  echocardiographer  (EchoPACTM 113.1.0;  GE  Medi-
al  Systems,  Horten,  Norway).  LVEF  was  assessed  using  the
iplane  Simpson’s  method.  Left  ventricular  end-diastolic
iameter,  end-diastolic  septal  thickness,  left  ventricular
lobal  longitudinal  strain  and  left  atrial  volume  were  also
easured.  Electrocardiogram  and  echocardiogram  analyses
ere  done  blind  to  case-control  status.  Data  from  a  24-hour
olter  electrocardiogram  carried  out  before  implantation
ere  retrieved.  SpiderviewTM Holter  recorders  (Livanova,
ilan,  Italy)  with  three-channel  recording  were  used  for
4-hour  ambulatory  Holter  electrocardiogram  monitoring  in
ach  patient.  Each  beat  was  automatically  classified  and
abelled  by  SynescopeTM software  (Livanova,  Milan,  Italy),
sing  the  template-matching  technique.  Heart  rate  variabil-
ty  was  analysed  in  both  the  time  domain  and  the  frequency
omain.  Regarding  time-domain  analysis,  calculation  of  the
tandard  deviation  of  normal-to-normal  intervals  (SDNN)
nd  the  proportion  of  consecutive  normal-to-normal  inter-
als  that  differed  by  >  50  ms  (PNN50)  was  performed.  The
requency  domain  consisted  of  spectral  analysis  with  cal-
ulation  of  spectral  powers  in  the  low-frequency  (LF)  band
nd  the  high-frequency  (HF)  band.  Finally,  we  retrieved
-terminal  prohormone  of  B-type  natriuretic  peptide  (NT-
roBNP),  creatinine  and  haemoglobin  concentrations  at  the
ime  of  implantation.

aroreflex sensitivity assessment

ithin  the  14  days  after  their  selection  for  the  study,
ases  and  controls  underwent  simultaneously,  in  the  same
onditions  and  blinded  to  their  status,  non-invasive  plethys-
ographic  recording  (Finapres

®
2300;  Ohmeda  SA,  Trappes,

rance),  electrocardiogram  recording  and  respiratory  rate
onitoring  via  an  MP150  workstation  (BIOPAC  Systems,
oleta,  CA,  USA)  for  a  duration  of  10  minutes  in  the  supine
osition  and  10  minutes  in  the  standing  position.  The  three
ignals  were  acquired  for  a  minimal  duration  of  205  seconds

ree  of  premature  beats  and  signal  noise  (2048  points  sam-
led  at  10  Hz).  All  subjects  were  asked  to  breathe  regularly
nd  to  avoid  deep  respiration  during  the  recording.  Taking
nto  consideration  the  circadian  rhythm  of  the  autonomic
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tone,  all  recordings  took  place  between  9  a.m.  and  11
a.m.  in  a  quiet  room  maintained  at  ≥  22 ◦C.  The  blood
pressure  signal  was  digitized  (500  Hz)  using  a  12-bit  A/D
converter,  and  processed  by  an  algorithm  based  on  fea-
ture  extraction  to  detect  and  measure  the  characteristics
of  a  blood  pressure  cycle  (AcqKnowledge

®
3.0  software;

BioPac  Systems,  Goleta,  CA,  USA).  Systolic  blood  pressure
and  heart  rate  were  stored  on  a  hard  disk  and  sampled
at  10  Hz.  BRS  was  evaluated  using  a  specifically  designed
programme  that  analysed  simultaneous  fluctuations  in  sys-
tolic  blood  pressure  and  heart  rate  using  both  a  time-domain
technique  (sequence  method)  and  a  frequency-domain  tech-
nique  (transfer  function  analysis).  The  sequence  method
is  based  on  the  detection  of  three  or  more  cycles  with
increases  or  decreases  in  systolic  blood  pressure  associated
with  parallel  changes  in  the  RR-interval  of  the  following
cardiac  cycle.  A  linear  regression  method  was  applied  to
each  of  these  sequences,  and  an  average  regression  slope
was  calculated,  representing  the  mean  slope  of  the  car-
diac  BRS.  The  calculation  of  the  transfer  function  from
systolic  blood  pressure  to  heart  rate  was  based  on  the  cross-
spectral  technique.  A  Fourier  transformation  was  applied
to  decompose  the  signal  in  a  spectrum  of  different  fre-
quencies  (HF  and  LF).  Transfer  function  analysis  showed
the  level  of  coupling  between  systolic  blood  pressure  and
RR  in  each  frequency.  Baroreflex  gain  was  calculated  in
the  LF  and  HF  bands  as  proposed  by  the  Task  Force  of
the  European  Society  of  Cardiology  and  the  North  American
Society  of  Pacing  and  Electrophysiology  (LF  =  0.04—0.15  Hz;
HF  =  0.15—0.40  Hz)  [17].  The  gain  function  was  the  ratio
between  changes  in  systolic  blood  pressure  and  changes
in  pulse  interval  (ms/mmHg).  All  data  were  analysed  blind
to  case-control  status  by  a  trained  researcher.  The  repro-
ducibility  of  BRS  variables,  mean  slope  calculated  with  the
sequence  method  and  LF  and  HF  gains  had  been  tested  pre-
viously,  in  both  the  supine  and  the  standing  position  [18].

Statistical analysis

Categorical  variables  are  expressed  as  numbers  and
proportions;  continuous  variables  are  expressed  as
mean  ±  standard  deviation  or  median  [interquartile  range].
Comparisons  of  groups  were  performed  using  the  �2 test
for  categorical  variables  and  Student’s  t  test  or  the  Mann-
Whitney  U  test,  as  appropriate,  for  quantitative  variables.
Bivariate  or  multivariable  analyses  were  performed  using
logistic  regression.  The  area  under  the  receiver  operating
characteristic  curve  was  calculated  using  univariate  logistic
regression.  Analyses  were  performed  using  SAS  software,
version  9.3  (SAS  Institute  Inc.,  Cary,  NC,  USA).  Two-sided  P
values  of  <  0.05  were  considered  statistically  significant.

Results

Thirty-nine  patients  implanted  with  an  ICD  for  at  least  3
years  had  plethysmographic  recording.  Of  these,  seven  had
records  that  did  not  allow  for  BRS  evaluation.  Therefore,  32

patients  were  included  in  the  present  analysis,  correspond-
ing  to  10  cases  and  22  controls.

Among  the  cases,  the  ventricular  arrhythmia  that  trig-
gered  the  ICD  therapy  was  ventricular  tachycardia  in  seven
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atients  and  ventricular  fibrillation  in  three  patients.  The
edian  delay  between  ICD  implantation  and  ICD  therapy  was

 [2;  7]  years.

linical characteristics at implantation

atients’  clinical  characteristics  at  implantation  are  given
n  Table  1.  There  was  no  significant  difference  between
ases  and  controls  regarding  sex  ratio,  age,  cardiovascular
isk  factors  (hypertension,  dyslipidaemia,  diabetes,  smoking
tatus),  medical  history  or  drug  use.

Electrocardiogram  variables  (QRS  duration,  PR  and  cor-
ected  QT  interval),  measured  at  implantation  were  quite
imilar  in  cases  and  controls  (Table  1),  as  were  echocardio-
raphic  variables  (left  ventricular  end-diastolic  diameter,
iastolic  septum  thickness,  global  longitudinal  strain  and
eft  atrial  volume).  LVEF  was  not  significantly  different  in
ases  and  controls:  29  ±  6%  and  27  ±  7%,  respectively.

Regarding  biological  determinations  at  implantation,  cre-
tinine,  haemoglobin  and  NT-proBNP  concentrations  did  not
iffer  significantly  in  cases  compared  with  controls  (Table  1).

Autonomic  nervous  system  activity  evaluated  at  implan-
ation  by  24-hour  Holter  electrocardiogram  did  not  show
ignificant  differences  between  cases  and  controls,  in  either
emporal  domains  (SDNN,  PNN50)  or  frequency  domains  (LF
ower,  HF  power,  LF/HF)  (Table  1).

RS assessment in cases and controls

he  evaluation  of  BRS  calculated  from  the  Finapres
®

record-
ng  more  than  3  years  after  implantation  of  the  ICD  (median
elay  6  [4;  10]  years)  is  described  in  Table  2.  The  mean  slope
as  significantly  lower  in  cases  compared  with  controls,  in
oth  the  supine  and  standing  positions  (8  vs.  15  ms/mmHg
P  =  0.009]  in  the  supine  position  and  7  vs.  12  ms/mmHg
P  =  0.038]  in  the  standing  position,  respectively).

The  supine  mean  slope  difference  between  cases
nd  controls  was  still  significant  after  adjustment  for
ge  (P  =  0.035),  LVEF  (P  =  0.02),  NT-proBNP  concentration
P  =  0.01),  and  also  when  adjusted  simultaneously  for  these
hree  factors  taken  together  (P  =  0.03).  Of  note,  age,
VEF  and  NT-proBNP  were  not  significantly  associated  with
ase/control  status.

The  standing  mean  slope  remained  significantly  differ-
nt  between  cases  and  controls  after  adjustment  for  LVEF
P  =  0.039),  NT-proBNP  concentration  (P  =  0.048)  and  both
ogether  (P  =  0.041).  However,  the  difference  in  standing
ean  slope  between  cases  and  controls  was  no  longer  signi-
cantly  different  when  adjusted  for  age  (P  =  0.09).

The  receiver  operating  characteristic  curve  analysing  the
ean  slope  in  the  supine  position  is  shown  in  Fig.  1.  The  area

nder  the  curve  was  79.5%  [61.8%;  97.2%].  The  cut-off  value
aximizing  the  likelihood  ratio  was  10.45  ms/mmHg  and

he  related  sensitivity  and  specificity  were  80%  (95%  confi-
ence  interval  44.4—97.5)  and  80%  (95%  confidence  interval:
6.3—94.3),  respectively.
BRS  evaluated  by  cross-spectral  analysis  tended  to  be
ower  in  cases  than  in  controls,  but  the  difference  did  not
each  statistical  significance  in  either  the  supine  or  standing
ositions,  or  for  LF  and  HF  gain  variables  (Table  2).
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Table  1  Characteristics  of  patients  at  implantation.

Whole  population
(n  =  32)

Cases
(n  =  10)

Controls
(n =  22)

P

Clinical  characteristics
Age  (years)  65  ±  11  67  ±  10  63  ±  12  0.30
Male  sex  30  (94)  9  (90)  21  (95)  0.55
Height  (cm)  171  ±  8  169  ±  8  172  ±  9  0.53
Weight  (kg)  85  ±  14  90  ±  16  82  ±  12  0.26
Body  mass  index  (kg/m2) 29  ±  5  31  ±  5  28  ±  4  0.08
Systolic  blood  pressure  (mmHg) 117  ±  12 113  ±  6 118 ±  13 0.19
Diastolic  blood  pressure  (mmHg) 74  ±  13 69  ±  11 76 ±  14 0.19

Medical  history  and  medication
Hyperlipidaemia  18  (56)  5  (50)  13  (59)  0.71
Hypertension  13  (41)  4  (40)  9  (41)  0.99
Diabetes  9  (28)  3  (30)  6  (27)  0.99
Active  smoking 4  (13) 1  (10) 3  (14)  0.66
Stroke  3  (9) 2  (20) 1  (5)  0.22
Carotid  stenosis 2  (6) 0  (0) 2  (9)  0.32
Lower  limb  arterial  disease 1  (3) 1  (10) 0  (0) 0.31

Drug  use
Beta-blockers  31  (97) 9 (90) 22  (100) 0.31
ACEIs  31  (97) 9 (90) 22  (100) 0.31
Diuretics  24  (75)  7  (70)  17  (77)  0.68
Anticoagulants  10  (31)  3  (30)  7  (32)  0.99
Antiplatelet  agents  27  (84)  9  (90)  18  (82)  0.99

12-lead  electrocardiogram
Heart  rate  (beats/min)  60  ±  13  63  ±  16  59  ±  11  0.44
PR  interval  (ms)  211  ±  43  204  ±  33  214  ±  47  0.68
QRS  duration  (ms)  121  ±  34  121  ±  27  121  ±  38  0.6
Corrected  QT  intervala (ms)  449  ±  48  448  ±  60  450  ±  44  0.74

Echocardiography
LVEF  (%)  28  ±  6  29  ±  6  27  ±  7  0.27
LV  end-diastolic  diameter  (mm)  64  ±  11  64  ±  12  63  ±  10  0.81
Diastolic  septum  thickness  (mm)  11  ±  2  10  ±  3  11  ±  2  0.84
Global  longitudinal  strain  (%)  −8.06  ±  2.9  −8.1  ±  2.68  −8.05  ±  3.05  0.95
Left  atrial  volume  (mL/m2)  42  ±  17  40  ±  10  43  ±  19  0.85

Biology
NT-proBNP  (pg/mL)  916  ±  905  772  ±  1102  980  ±  821  0.14
Creatinine  (�mol/L)  104  ±  35  99  ±  31  106  ±  37  0.60
Haemoglobin  (g/dL)  14.0  ±  1.6  14.3  ±  1.4  13.9  ±  1.7  0.55

Heart  rate  variability
PNN50  (%)  5.13  ±  4.39  4.00  ±  2.95  5.64  ±  4.88  0.36
SDNN  (ms)  106.59  ±  41.82  91.77  ±  24.07  113.33  ±  46.7  0.37
LF  (ms2)  355.91  ±  294.55  399.6  ±  408.13  336.05  ±  235.3  0.74
HF  (ms2) 113.66  ±  2.21  123  ±  66.97  109.41  ±  61.08  0.49
LF/HF  3.55  ±  3.26  3.69  ±  3.99  3.5  ±  2.98  0.51

Data are expressed as mean ± standard deviation or number (%). ACEI: angiotensin-converting enzyme inhibitor; HF: high frequency;
LF: low frequency; LF/HF ratio: low frequency/high frequency component; LV: left ventricular; LVEF: left ventricular ejection fraction;
NT-proBNP: N-terminal prohormone of B-type natriuretic peptide; PNN50: proportion of consecutive normal-to-normal intervals that
differ by > 50 ms; SDNN: standard deviation of normal-to-normal intervals.
a QT interval corrected with Bazett’s formula.
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iscussion

ur  study  showed  that,  in  a  population  with  a  low  ejec-

ion  fraction,  BRS  assessed  by  the  sequence  method  in  the
upine  and  standing  positions  was  lower  in  patients  who
ad  experienced  ventricular  arrhythmias,  while  no  clinical,

t
c
s

iological  or  structural  variables  differed  significantly
etween  cases  and  controls.  This  important  finding  has  not
een  reported  previously,  to  the  best  of  our  knowledge.  On

he  other  hand,  we  did  not  show  any  difference  between
ases  and  controls  when  BRS  was  evaluated  by  the  cross-
pectral  method.
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Table  2  Baroreflex  sensitivity  assessment.

Cases
(n  =  10)

Controls
(n  =  22)

P

Supine  mean  slope  (ms/mmHg)  8.04  ±  5.66  14.87  ±  6.92  0.009
Supine  LF  gain  (ms/mmHg)  3.61  ±  2.73  4.78  ±  3.77  0.63
Supine  HF  gain  (ms/mmHg)  4.22  ±  3.75  6.61  ±  5.88  0.19
Standing  mean  slope  (ms/mmHg)  7.27  ±  4.55  11.61  ±  6.69  0.038
Standing  LF  gain  (ms/mmHg) 2.44  ±  0.79 4.11  ±  4.08 0.29
Standing  HF  gain  (ms/mmHg) 2.73  ±  1.15 5.61  ±  7.39 0.33

Data are expressed as mean ± standard deviation. HF: high frequency; LF: low frequency.

Figure 1. Receiver operating characteristic curve analysing the
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mean slope in the supine position; the endpoint was ventricular
arrhythmia. AUC: area under the curve.

BRS  evaluates  the  capability  of  the  autonomic  nervous
system  to  increase  vagal  activity  and  decrease  sympathetic
activity  after  a  sudden  increase  in  blood  pressure.  By  the
early  1970s,  some  experimental  studies  had  shed  light  on  the
pathophysiological  implications  of  baroreflex  impairment  in
various  heart  diseases.  Animal  models  were  used  to  demon-
strate  that,  after  myocardial  infarction,  impaired  BRS  was
associated  with  ventricular  fibrillation,  whereas  parasympa-
thetic  activation  decreased  ventricular  arrhythmias  [19,20].

Prediction of sudden cardiac death

Attempting  to  predict  sudden  cardiac  death  in  primary  pre-
vention  is  a  long  story.  The  first  study  demonstrating  the
usefulness  of  defibrillators  for  the  primary  prevention  of
sudden  cardiac  death  was  published  15  years  ago;  since

then,  several  studies  have  confirmed  those  results  [21—23].
The  cornerstone  for  prediction  of  sudden  cardiac  death  in
those  studies  was  reduced  LVEF,  and  current  guidelines  rec-
ommend  implantation  of  a  defibrillator  when  LVEF  is  ≤  35%

w
t
l
t

ith  symptomatic  heart  failure  [8].  Most  of  the  time,  LVEF  is
valuated  using  echocardiography,  with  variability  approxi-
ating  16%  [24]. Numerous  other  markers  have  been  tested

o  improve  the  prediction  of  sudden  cardiac  death:  electro-
ardiogram  QRS  fragmentation;  left  ventricle  scarring;  and
erum  biomarkers  of  inflammation  and  neurohumoral  acti-
ation  [25—28]. Scores  have  also  been  developed  to  predict
on-arrhythmic  death  [29]. Unfortunately,  none  has  been
eproducible  or  powerful  enough  to  be  considered  in  inter-
ational  guidelines.

In this  study,  we  demonstrated  that  BRS  assessed  with
he  sequence  method  was  lower  in  patients  who  had  expe-
ienced  ventricular  arrhythmias,  even  though  cases  and
ontrols  had  similar  LVEFs  and  non-different  24-hour  Holter
eart  rate  variability  at  implantation.  Our  results  are  in
greement  with  those  in  the  literature,  which  showed  heart
ate  variability  to  be  a  poor  predictive  tool  regarding  sudden
ardiac  death,  whereas  BRS  seems  to  be  more  promising.

In  the  ATRAMI  study,  a  low  value  for  BRS  assessed  with  the
equence  method  was  associated  with  a  2.8-fold  [1.24-fold;
.15-fold]  higher  risk  of  cardiac  death  (P  =  0.01)  [16].

Previous  studies  aimed  to  assess  the  predictive  value  of
RS  regarding  cardiovascular  mortality,  but  not  regarding
rrhythmic  sudden  cardiac  death.  The  originality  of  this  pilot
tudy  stems  from  its  assessment  of  the  relationship  between
RS  and  ventricular  arrhythmias  rather  than  cardiac  mortal-

ty.  Several  studies  have  demonstrated  that  BRS  is  associated
ith  cardiovascular  mortality  [13—16].  On  the  other  hand,

 recent  meta-analysis  showed  appropriate  shocks  to  be
ssociated  with  higher  New  York  Heart  Association  class,
ower  LVEF,  no  beta-blocker  therapy  and  single-chamber  ICD
versus  dual-chamber  ICD),  but  BRS  was  not  assessed  [30].
ccording  to  our  results,  depressed  BRS  could  be  associated
ith  ventricular  arrhythmia  in  patients  with  ischaemic  car-
iomyopathy,  and  patients  with  a  depressed  BRS  could  be
onsidered  as  being  at  high  risk  of  sudden  cardiac  death,
hich  is  a  very  sensitive  public  health  problem  [31,32].

tudy limitations

he  main  limitation  of  this  study  was  its  cross-sectional
esign,  requiring  retrospective  analysis  of  ICD  use,  indica-
ive  of  ventricular  arrhythmia.  However,  such  a  first  step

as  necessary  before  considering  a  prospective  cohort  study

hat  would  necessitate  a  large  number  of  subjects.  Another
imitation  was  patient  selection,  which  was  very  restric-
ive.  Indeed,  BRS  assessment  required  exclusion  of  patients
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ith  atrial  fibrillation  and  cardiac  stimulation.  Patients
mplanted  with  an  ICD  for  primary  prevention  who  have  an
VEF  <  35%  are  often  subject  to  atrial  fibrillation  or  are  paced
ecause  of  beta-blockers  or  cardiac  resynchronization  ther-
py.

stimation of spontaneous BRS

ssessment  of  BRS  is  very  tricky.  In  most  studies  deal-
ng  with  the  relationship  between  BRS  and  morbimortality,
RS  was  quantified  in  response  to  intravenous  phenyle-
hrine  [11,15,16].  This  method  is  invasive  and,  from  a
ethodological  point  of  view,  blood  pressure  response  after
henylephrine  administration  has  shown  high  interindivid-
al  variability.  Moreover,  phenylephrine  may  have  a direct
ffect  on  baroreceptors,  as  has  been  demonstrated  in  a
at  model  [33].  In  our  study,  BRS  assessment  was  totally
on-invasive,  as  blood  pressure  was  estimated  using  a  non-
nvasive  plethysmographic  system.  This  method  is  easily
easible  in  daily  clinical  settings,  and  has  been  shown  to
e  appropriate  after  myocardial  infarction  and  in  a  wide
ariety  of  clinical  situations  [11].  Various  techniques  exist
o  estimate  spontaneous  BRS  from  non-invasive  recordings,
nd  substantial  differences  can  be  observed  in  the  esti-
ates  [34].  Therefore,  we  chose  to  report  three  currently

sed  estimates,  the  reproducibility  of  which  had  been  tested
efore  the  start  of  the  study  [31].  The  mean  values  of  BRS
ound  in  the  present  work  were  consistent  with  expected
alues,  given  the  techniques  used,  as  well  as  the  age  and
linical  condition  of  the  studied  patients  [11].

onclusions

his  case-control  study  was  the  first  study  aiming  to  specif-
cally  assess  the  association  between  BRS  and  ventricular
rrhythmias.  In  this  population  of  patients  with  ischaemic
ardiomyopathy  and  LVEF  <  35%,  BRS  assessed  with  the
equence  method  was  lower  in  patients  with  ventricular
rrhythmias  compared  with  in  patients  free  of  arrhythmia.
s  the  number  of  patients  that  have  to  be  implanted  to  save

 life  is  tremendously  high,  we  need  to  predict  the  risk
f  ventricular  arrhythmia  more  accurately.  A  prospective
tudy  to  assess  the  prognostic  value  of  BRS  for  ventricu-
ar  arrhythmia  before  primary  prevention  ICD  implantation
eems  indispensable.
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