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Summary
Objective:  To  report  our  experience  in  carotid  artery  stenting  (CAS)  with  GORE  flow  reversal
system®,  focusing  the  assessment  of  its  efficacy,  security  and  practice  procedure  evolution.
Methods:  Twelve  patients  treated  for  atherosclerotic  carotid  stenosis  were  prospectively  evalu-
ated. All  patients  were  symptomatic.  Carotid  symptoms  were  embolic  stroke  in  eight,  watershed
stroke in  two  and  transient  ischemic  attack  (TIA)  in  two  patients.  All  patients  underwent  carotid
ultrasound,  brain  magnetic  resonance  image  and  magnetic  resonance  angiography  before  CAS
procedure.  The  procedure  time  and  the  flow  reversal  time  were  registered.  Neurological  out-
come was  evaluated  before  treatment,  during  the  first  48  hours  post-treatment  and  after  3
months.
Results: CAS  was  successful  in  all  cases.  Mean  procedure  time  was  33.8  minutes.  Mean  flow
reversal time  was  7.3  minutes.  Temporary  bradycardia  occurred  with  six  patients  without  asso-
ciated hemodynamic  instability.  NIHSS  patients’  scores  ranged  from  0  to  5  (average  1.1)  on
admission and  remained  unchanged  during  48  hours  after  treatment.  mRS  patients’  scores
ranged from  0  to  3  (average  1.6)  on  admission  and  remained  unchanged  during  the  follow-
up of  3  months.  There  were  no  complications  concerning  groin  puncture,  or  general  anesthesia,
or myocardial  infarct  or  death.
Conclusion:  In  our  present  selected  subjects,  the  CAS  procedure  using  the  GORE  flow  reversal
system appeared  to  be  safe  and  effective,  with  improved  technical  performance  of  the  pro-
cedure. This  was  observed  in  particular  with  the  flow-reversal  times  achieved.  Thus,  studies
comparing  the  GORE  system  and  other  protection  devices  are  suggested  to  ascertain  all  of  the
benefits of  flow  reversal  during  CAS.
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Introduction

Ischemic  stroke  is  the  third  cause  of  death  and  leading  cause
of  long-term  disability  worldwide  [1].  Carotid  atheroscle-
rotic  disease  constitutes  around  15—20%  [2,3]  of  all  causes
of  ischemic  stroke,  with  a  prevalence  rate  of  around  9%  [4]
in  the  general  population.  Since  the  first  report  of  carotid
artery  stenting  (CAS)  by  Théron  et  al.  [5],  using  a  balloon
as  an  embolic  protection  device,  several  devices  have  been
developed,  aiming  to  eliminate  embolic  complications  and
to  make  CAS  comparable  to  the  gold-standard  endarterec-
tomy  technique  [6—14].

Currently,  there  is  evidence  to  support  the  use  of  embolic
protection  devices  during  CAS  [6,11,13].  However,  embolic
complications  can  still  arise  during  CAS  procedures,  as
reported  by  previous  studies  [6,10,15—17]. Therefore,  an
ideal  model  of  an  embolic  protection  device  is  required.  As
described  by  Parodi  et  al.  [18]  in  2000,  CAS  can  be  used
during  blood  flow  reversal  in  a  target  carotid  artery  as  an
embolic  protective  technique.

CAS  as  performed  in  our  department  is  usually  via  femoral
artery  access,  using  a  distal  FilterWire  EZ  protection  system
and  a  carotid  WALLSTENT  (both  by  Boston  Scientific,  Natick,
MA,  USA).  For  patients  with  an  aortic  arch  unsuitable  for
CAS  by  femoral  access,  a  brachial  access  is  usually  chosen.
However,  our  department  frequently  treats  patients  that,
in  our  opinion,  present  with  carotids  that  are  anatomically
‘‘unfavorable’’  to  CAS  with  filter  devices.  Such  an  unfavor-
able  carotid  profile  includes  critical  carotid  stenosis,  fresh
thrombus  in  situ  and  a  severely  tortuous  distal  internal
carotid  artery  (ICA).  These  features  most  likely  enhance
embolic  complications  during  CAS  with  filters  because  criti-
cal  stenoses  need  to  be  dilated,  using  microballoons,  before
distal  filter  deployment.  The  presence  of  fresh  thrombus
in  the  target  stenosis  can  also  lead  to  distal  embolization
during  first  passage  of  the  microwire  through  the  ICA,  while
a  tortuous  distal  ICA  promotes  inadequate  filter  deploy-
ment,  allowing  the  passage  of  emboli  during  angioplasty
and  stenting.  Thus,  given  the  EMPiRE  clinical  study  results
[19],  our  department  started  performing  CAS  using  the
GORE  flow  reversal  system  to  develop  the  expertise  needed
to  treat  this  subgroup  of  ‘‘unfavorable’’  patients  while
aiming  to  achieve  the  best  technical  performance  possible.

This  report  is  of  a  series  of  12  patients  undergoing  CAS
with  the  GORE  flow  reversal  system  (W.L.  Gore  &  Associates,
Flagstaff,  AZ,  USA)  in  a  tertiary  hospital  center  to  assess  its
technical  aspects  and  neurological  outcomes.

Methods

Patients

To  describe  our  experience  of  CAS  with  the  GORE  system,
focusing  on  its  safety,  efficacy  and  technical  development,
12  patients  treated  for  carotid  atherosclerotic  stenosis  at
our  department  from  August  2010  to  May  2011  were  ana-
lyzed.  All  patients  gave  their  written  informed  consent
to  participate  in  the  study,  which  had  previously  been
approved  by  the  institutional  review  boards.  Patients  were
referred  to  our  department  by  the  neurovascular  team,  and
all  presented  with  previous  neurological  symptoms  related

to  ICA  stenosis.  Carotid  ultrasound  (US)  was  always  per-
formed  before  CAS.  Patients  who  presented  with  ICA  stenosis
more  than  or  equal  to  50%  (North  American  Symptomatic
Carotid  Endarterectomy  Trial  [NASCET]  criteria)  [20]  under-
went  3-T  magnetic  resonance  imaging  (MRI),  using  a  Philips
Achieva  Duo  scanner  (Philips  Medical  Systems,  Best,  The
Netherlands),  to  assess  brain  ischemic  injury  patterns  and
angiographic  architecture,  particularly  the  ICA  stenosis,  aor-
tic  arch  anatomy  and  intracranial  collateral  pattern.  All
patients  were  examined  in  hospital  and  at  a  3-month  follow-
up  by  an  independent  vascular  neurologist,  who  measured
outcomes  using  the  US  National  Institutes  of  Health  Stroke
Scale  (NIHSS)  and  modified  Rankin  Scale  (mRS).

Inclusion  criteria

These  were:  age  more  than  or  equal  to  18  years;  life
expectancy  more  than  or  equal  to  1  year;  presence  of  any
grade  of  ICA  stenosis  with  in  situ  thrombus;  ICA  stenosis
more  than  60%,  or  more  than  or  equal  to  50%  if  associated
with  ipsilateral  neurological  symptoms;  favorable  arterial
femoral  pulse;  favorable  aortic  arch  (absence  of  severely
tortuous  or  mobile  plaques;  such  cases  routinely  underwent
CAS  using  a  distal  filter  wire  via  brachial  access,  as  the
GORE  flow  reversal  system  is  not  recommended  for  radial
or  brachial  access);  presence  of  anterior  or  ipsilateral
posterior  communicating  arteries;  external  carotid  artery
(ECA)  diameter  less  than  or  equal  to  6  mm;  and  absence  of
any  arterial  branch  emerging  below  the  ECA  occlusion  site.
The  percentage  of  stenosis  was  determined  using  magnetic
resonance  angiography  (MRA)  and,  again,  NASCET  criteria
[20].  ‘‘Neurological  symptoms’’  were  defined  as  stroke,
transient  ischemic  attack  (TIA),  hypoperfusion  symptoms  or
amaurosis  fugax.

Exclusion  criteria

These  included:  contralateral  ICA  occlusion;  more  than  50%
stenosis  in  the  contralateral  ICA;  any  grade  of  stenosis  in
the  four  vessels;  total  occlusion  of  the  target  carotid  artery;
absence  of  posterior  and  anterior  communicating  arteries;
severely  tortuous  or  mobile  plaques  in  the  aortic  arch;  ECA
diameter  more  than  or  equal  to  6  mm;  arterial  branches
emerging  below  the  ECA  occlusion  site;  contraindications
to  general  anesthesia;  ischemic  stroke  onset  less  than  or
equal  to  14  days  before  CAS;  myocardial  infarction  less  than
72  h  prior  to  the  procedure;  any  major  surgical  procedure
within  30  days  before  or  planned  for  within  30  days  after
CAS;  severe  chronic  renal  insufficiency  (serum  creatinine
more  than  1.5  mg/dL);  and  untreatable  bleeding  diathesis
or  hypercoagulable  state,  or  refusal  of  blood  transfusion.

The  carotid  artery  stenting  procedure

All  CAS  procedures  were  performed  by  the  same  expe-
rienced  interventional  neuroradiologist  (D.G.A.)  using  a
flat-panel  detector  system  (Innova  4100,  GE,  Fairfield,  CT,
USA).  The  recommended  antiplatelet  regimen  was  aspirin
(300  mg/day)  and  clopidogrel  (75  mg/day)  at  least  5  days
before  the  treatment,  or  aspirin  (300  mg/attack)  and  clopi-
dogrel  (300  mg/attack)  at  least  4  h  before  the  procedure.
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Figure  1  a:  a  10-F  sheath  in  right  femoral  artery  and  6-F  sheath  in  left  femoral  vein;  b:  GORE  balloon  sheath  (thick  black  arrow),
common carotid  artery  (CCA)  port  (arrowhead)  and  syringe  in  CCA  balloon  port  (thick  white  arrow),  and  GORE  external  filter  (thin
black arrow)  and  external  carotid  artery  (ECA)  port  for  GORE  balloon  wire;  c:  GORE  balloon  wire  with  syringe;  d:  external  view  of
the entire  GORE  flow  reversal  system:  the  carotid  WALLSTENT  and  ChoICE  Floppy  Guide  Wire  (both  by  Boston  Scientific)  are  in  the
GORE balloon  sheath  (black  arrow)  during  flow  reversal.

After  femoral  puncture,  7500  IU  of  heparin  were  adminis-
tered  intravenously.  The  first  three  patients  were  put  under
local  anesthesia  and  minimally  conscious  sedation  to  better
evaluate  flow-reversal  intolerance.  The  other  nine  patients
underwent  general  anesthesia.  All  procedures  were  done
with  the  GORE  flow  reversal  system  (Fig.  1).

All  GORE  devices  were  placed  on  the  procedure  table
before  doing  the  punctures,  and  included  a  balloon  sheath
(9.5-F  outer  diameter,  7.3-F  inner  diameter  and  91-cm
working  length),  a  balloon  wire  for  the  ECA  (0.015-inch
outer  diameter  and  145-cm  working  length),  an  external  fil-
ter  (0.0015-inch  outer  diameter),  a  vertebral  5-F  catheter
or  Simmons  5-F  catheter  (both  by  Merit  Medical  Systems,
South  Jordan,  UT,  USA),  a  hydrophilic  guide  wire  (Angiotech,
Gainesville,  FL,  USA),  a  0.035-inch  (260-cm)  J-Tip  Extra  Stiff
Wire  Guide  (Cook,  Bloomington,  IN,  USA),  a  3.0-mm  × 20-
mm  Monorail  pre-dilatation  balloon,  a  0.014-inch  × 182-cm
J-tip  ChoICE  Floppy  Guide  Wire,  a  6.0-mm  ×  20-mm  ×  153-
cm  Monorail  post-dilatation  balloon  and  a  closed-cell  carotid
WALLSTENT  (the  lattermost  four  by  Boston  Scientific).

The  right  common  femoral  artery  and  left  common
femoral  vein  punctures  were  performed  with  the  Seldinger
technique,  using  a  10-F  sheath  (St  Jude  Medical  Daig  Divi-
sion,  Minnetonka,  MN,  USA)  for  the  right  access  and  a  6-F

sheath  (Arrow  International,  Reading,  PA,  USA)  for  the  left
(Fig.  1).

Diagnostic  vertebral  or  Simmons  catheters  were  used
to  navigate  the  common  carotid  artery  (CCA),  and  carotid
bifurcation  and  cerebral  angiography  were  also  done.  The
diagnostic  catheter  was  pushed  into  the  ECA  using  the
hydrophilic  guide  wire,  which  was  subsequently  replaced
by  the  stiff  wire  introduced  into  the  ECA.  The  diagnostic
catheter  was  then  replaced  by  the  balloon  sheath,  which
was  placed  in  the  CCA  and  followed  by  removal  of  the  stiff
wire.  Because  of  the  balloon  sheath  size  and  its  relatively
high  rigidity,  the  stiff  wire  was  necessary  to  ensure  ascension
of  the  balloon  sheath  from  the  femoral  to  the  CCA,  espe-
cially  when  a  Simmons  catheter  was  needed  to  catheterize
the  CCA.  The  external  filter  was  used  to  connect  the  balloon
sheath  to  the  left  femoral  vein  sheath.  The  balloon  wire  was
placed  and  inflated  in  the  ECA,  and  followed  by  inflation  of
the  balloon  sheath  to  promote  flow  reversal  through  the  ICA,
thereby  creating  an  arterial—venous  shunt.

When  necessary,  pre-dilatation  was  performed  to  allow
the  stent  to  cross  the  target  stenosis.  The  stent  was
then  deployed,  and  angioplasty  performed  using  the  post-
dilatation  balloon.  At  this  time,  an  atropine  bolus  (0.5—
1.0  mg)  was  infused  intravenously  if  cardiac  arrhythmia

dx.doi.org/10.1016/j.neurad.2012.03.001
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Table  1  Clinical  data  for  patients  who  successfully  underwent  carotid  artery  stenting  with  the  GORE  flow  reversal  system.

Patients mRS  score  (before/3
months  after  treatment)

NIHSS  score  (before/48
h after  treatment)

Procedure
time

Flow  reversal
time

Temporary
bradycardia

Pre-dilatation

1 0/0  2/2  1  h  45  min  41  min  10  s  Yes  Yes
2 3/3 1/1 51  min  6  s 6  min  7  s No No
3 2/2 2/2 29  min  20  s 3  min  43  s Yes Yes
4 0/0  1/1  28  min  5  s  2  min  55  s  No  No
5 1/1  0/0  29  min  3  s  4  min  36  s  Yes  No
6 1/1  0/0  25  min  10  s  3  min  32  s  No  No
7 3/3  5/5  26  min  50  s  6  min  37  s  Yes  Yes
8 3/3  2/2  21  min  43  s  5  min  34  s  Yes  Yes
9 3/3  0/0  24  min  1  s  3  min  46  s  No  No
10 0/0 0/0 22  min  7  s  3  min  4  s  Yes  No
11 3/3  1/1  21  min  4  s  3  min  7  s  No  No
12 1/1  0/0  22  min  10  s  3  min  55  s  No  No

occurred.  Finally,  the  post-dilatation  balloon,  balloon  wire
and  balloon  sheath  were  deflated,  thus  restoring  normal
carotid  flow.

While  the  10-F  sheath  was  maintained  in  place  for
12  h  after  CAS,  the  6-F  sheath  was  removed  immediately
after  the  procedure  was  concluded  and  followed  by  manual
compression.

Procedure  times

Two  duration  times  were  recorded:  the  overall  procedure
time,  and  the  flow-reversal  time.  Procedure  duration  was
counted  from  the  time  of  puncture  to  removal  of  all  devices,
while  the  flow-reversal  time  was  counted  from  inflation  of
the  balloon  sheath  to  the  instant  it  was  deflated.

Results

Patients

The  patients  (five  women  and  seven  men)  ranged  in  age  from
61  to  82  years  (average:  71.8  years).  The  vessels  treated
were  the  ICA  at  the  bifurcation  with  the  CCA,  with  seven  in
the  left  and  five  in  the  right.  All  patients  were  symptomatic,
with  embolic  stroke  in  eight  cases,  watershed  stroke  in  two
and  TIA  in  two  others.  Patients  1,  3,  7  and  8  presented  with
critical  stenosis  of  the  ICA,  whereas  the  others  all  presented
with  ICA  stenosis  more  than  60%.  All  patients  presented  with
a  communicating  anterior  artery  and  A1  segments  of  the
two  cerebral  anterior  arteries.  All  patients  also  presented
with  no  contralateral  ICA  stenosis  more  than  50%  or  cervical
stenosis  in  the  four  vessels.  There  were  no  complications
related  to  groin  puncture  or  general  anesthesia,  or  myocar-
dial  infarction  or  death.  Patients’  NIHSS  scores  ranged  from
0  to  5  (average:  1.1)  on  admission  and  remained  unchanged
for  48  h  after  treatment.  Patients’  mRS  scores  ranged  from
0  to  3  (average:  1.6)  on  admission  and  remained  unchanged
throughout  the  3-month  follow-up  (Table  1).

Carotid artery stenting procedure and
recorded times

CAS  was  successfully  accomplished  in  all  12  patients.
Pre-dilatation  was  performed  in  patients  1,  3,  7  and  8.

Patient  1  presented  with  the  most  critical  ICA  stenosis
and  needed  several  pre-dilatations,  and  represented  the
most  difficult  case,  resulting  in  a  prolonged  procedure
time  (Fig.  2).  Procedure  times  ranged  from  21  to  105  mins
(average:  33.8  mins),  while  flow-reversal  times  ranged  from
2.9  to  41.1  mins  (average:  7.3  mins).  Excluding  patients  1
and  2,  the  mean  procedure  and  mean  flow-reversal  times
were  24.9  and  4.0  mins,  respectively.  When  pre-dilatation
was  not  done  (Fig.  3),  the  mean  flow-reversal  time  was
3.5  mins,  compared  with  5.3  mins  (excluding  cases  1  and
2)  when  pre-dilatation  was  necessary.  At  the  end  of  CAS,
carotid  bifurcation  and  cerebral  angiography  showed  no
embolic  complications,  and  no  signs  of  arterial  dissection
or  vasospasm.  Temporary  bradycardia  was  seen  in  patients
1,  3,  5,  7,  8  and  10  with  no  associated  hemodynamic  instabil-
ity.  There  were  no  technical  complications.  However,  during
stent  deployment  in  patient  4,  the  balloon  wire  became
dislodged  and,  although  it  was  resolved  by  reinsertion,  it
caused  an  undesirable  temporary  ECA  opening.  Technical
aspects  of  the  procedures  are  presented  in  Table  1.

Discussion

Despite  the  improvement  in  CAS  complication  rates  through
the  greater  use  of  embolic  protection  devices,  complications
still  arise  [6,10,15—17]. Since  the  flow-reversal  technique
was  first  described,  several  clinical  studies  have  demon-
strated  positive  results  and  good  CAS  outcomes  with  femoral
[15,18,19,21—26]  and  cervical  approaches  [27—35].  For  this
reason,  flow  reversal  is  a  promising  tool  for  embolic  protec-
tion  during  CAS.

However,  femoral  access  has  received  some  criticism,
as  arch  and  supra-aortic  trunk  instrumentation  could  lead
to  brain  embolic  complications  before  reaching  the  CCA
[27—35].  On  the  other  hand,  femoral  access  has  the  advan-
tage  of  needing  no  CCA  surgical  incision,  thereby  avoiding
the  inherent  risk  of  CCA  dissection.  Moreover,  at  present,
there  are  no  definitive  or  significant  differences  between
the  femoral  and  transcervical  approaches  during  CAS  by
flow  reversal  [36]. When  faced  with  challenging  aortic  arch
anatomy  or  an  unfavorable  route  between  the  femoral
arteries  and  target  CCA,  access  via  radial  and  brachial
arteries  are  alternative  pathways  for  CAS  [37]. In  our
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Figure  2  a:  digital  subtraction  angiography  (DSA)  of  right  common  carotid  artery  (RCCA),  arterial  phase,  oblique  view,  shows  95%
stenosis of  right  internal  carotid  artery  (RICA)  and  ulcerated  plaque  at  its  origin  (white  arrow);  b:  DSA  of  RCCA,  arterial  phase,
lateral view,  shows  right  external  carotid  artery  (RECA)  branches  and  poor  filling  of  RICA  branches;  c:  road  map  of  RCCA,  oblique
view, shows  balloon  sheath  inflated  in  RCCA  (thick  white  arrow)  and  balloon  wire  inflated  in  RECA  (thin  white  arrow),  promoting
flow reversal  in  left  common  carotid  artery  (LCCA);  d:  road  map  of  RCCA,  oblique  view,  shows  pre-dilatation  of  RICA  stenosis  (white
arrow); e:  road  map  of  RCCA,  oblique  view,  shows  stent  deployment  in  RICA  (white  arrows);  f:  road  map  of  RCCA,  oblique  view,
shows post-dilatation  balloon  inflated  at  RICA  stenosis  level  (white  arrow);  g:  DSA  of  RCCA,  arterial  phase,  oblique  view,  shows  final
stent appearance  (white  arrows);  and  h:  DSA  of  RCCA  after  Carotid  artery  stenting  (CAS),  arterial  phase,  lateral  view,  shows  RECA
branches and  significant  restoration  of  RICA  branch  filling.

department,  patients  with  an  aortic  arch  unfavorable  for
CAS  by  femoral  access  usually  undergo  brachial  access  with
a  distal  FilterWire  EZ  as  an  embolic  protection  device.  How-
ever,  the  GORE  flow  reversal  system  is  not  recommended
for  radial  or  brachial  access  because  of  the  large  balloon
sheath  diameter  (9.5  F)  and  its  relatively  high  rigidity.  For
this  reason,  patients  presenting  with  an  unfavorable  aortic
arch  were  excluded  from  the  present  series.

Another  central  point  of  CAS  with  flow  reversal  is  the
ability  of  patients  to  tolerate  ICA  flow  reversal.  Intolerance
to  ICA  flow  reversal  has  been  associated  with  symptoms
of  TIA,  loss  of  consciousness,  amaurosis  and/or  seizures.
At  this  time,  the  main  factors  thought  to  be  responsi-
ble  for  flow-reversal  intolerance  are  low  blood  pressure
during  the  procedure,  cervical  vessel  occlusions,  little
communication  between  the  ICA  and  ECA,  and  absence
of  intracranial  collaterals  (circle  of  Willis,  leptomeningeal
collaterals)  [36]. Nevertheless,  for  most  authors,  the
issues  described  above  are  not  formal  contraindications  to
establishing  flow  reversal  during  CAS.  Pipinos  et  al.  [38]
reported  on  the  only  study  investigating  the  relationship
between  flow-reversal  tolerance  and  the  anatomical  archi-
tectural  patterns  of  the  cervical  and  intracranial  vessels.
They  evaluated  flow-reversal  intolerance  during  CAS  under
general  anesthesia  using  electroencephalography  (EEG)

monitoring,  and  demonstrated  that  patients  with  at  least
one  patent  circle  of  Willis  collateral,  even  in  the  presence
of  contralateral  ICA  occlusion,  were  able  to  tolerate  both
CCA  clamping  and  ICA  flow  reversal.  In  addition,  the  team
reported  that  91%  of  the  evaluated  patients  who  needed
carotid  revascularization  could  safely  undergo  both  CCA
clamping  and  flow  reversal  [38].

Our  first  three  patients  were  treated  under  local  anes-
thesia  and  minimally  conscious  sedation  to  better  evaluate
flow-reversal  tolerance.  Despite  the  absence  of  flow-
reversal  intolerance  during  the  first  three  treatments,
movement  artifacts  led  to  technical  difficulties  and,  thus,
prolonged  procedure  times.  For  this  reason,  and  based  on
the  studies  of  Pipinos  et  al.  [38]  and  Criado  et  al.  [39],
who  demonstrated  flow-reversal  tolerance  in  patients,  our
group  began  performing  CAS  under  general  anesthesia.  In
addition,  precautions  were  taken  to  perform  the  procedures
under  general  anesthesia  only  in  patients  presenting  with
at  least  one  patent  intracranial  collateral,  or  no  stenosis
more  than  50%  in  the  contralateral  ICA  or  any  grade  of
stenosis  in  the  four  cervical  vessels.  Such  precautions  were
taken  because  any  of  these  features  could  theoretically
cause  flow-reversal  intolerance  and,  possibly,  even  water-
shed  brain  ischemic  injury  during  a long  procedure  in  an
unconsciousness  patient.
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Figure  3  a:  digital  subtraction  angiography  (DSA)  of  left  common  carotid  artery  (LCCA),  arterial  phase,  oblique  view,  shows  90%
stenosis of  LICA  origin  and  ulcerated  plaque  (white  arrow);  b:  road  map  of  LCCA,  oblique  view,  shows  balloon  sheath  inflated  in
LCCA (thick  white  arrow)  and  balloon  wire  inflated  in  left  external  carotid  artery  (LECA;  thin  white  arrow),  promoting  flow  reversal
in LICA;  c:  road  map  of  LCCA,  oblique  view,  shows  stent  crossing  LICA  stenosis  (white  arrows);  d:  road  map  of  LCCA,  oblique  view,
shows stent  deployment  (white  arrow)  and  post-dilatation  balloon  positioned  at  LICA  stenosis  level  (black  arrow);  e:  road  map  of
LCCA, oblique  view,  shows  post-dilatation  balloon  inflated  at  LICA  stenosis  level  (white  arrow);  and  f:  DSA  of  LICA,  arterial  phase,
oblique view,  shows  final  stent  appearance  (white  arrows).

The  EMPiRE  study  was  the  first  to  assess  the  GORE  flow
reversal  system  and  showed,  in  245  patients,  a  30-day  rate
of  stroke  or  death  of  2.9%  and  a  low  incidence  of  major
clinical  complications  compared  with  previous  trials  [19].
However,  because  of  our  small  sample  size,  the  present
results  cannot  be  compared  with  EMPiRE  results.  Never-
theless,  our  present  study  achieved  relatively  short  mean
CAS  procedure  and  flow-reversal  times.  Thus,  a  review  of
the  literature  in  PubMed  up  to  November  27,  2011,  was
carried  out,  using  electronic  search  strategies  for  CAS  and
flow  reversal  (keywords  carotid  AND  flow  reversal),  with  the

intention  of  comparing  procedure  durations,  if  described,
with  our  results.

Of the  29  studies  reviewed,  we  selected  those  that
included  procedure  times  [19,21,22,25,27—31,33—35,38].
In  total,  821  CAS  procedures  using  flow  reversal  were
reported,  713  of  which  were  performed  under  local  anes-
thesia  and  108  under  general  anesthesia.  A  total  of  28
patients  presented  with  clinical  flow-reversal  intolerance
(average:  3.8%,  range:  0.0—9.7%).  Contralateral  ICA  occlu-
sion  was  reported  in  66  patients  (average:  8.0%),  eight  of
whom  presented  with  flow-reversal  intolerance.  The  mean

dx.doi.org/10.1016/j.neurad.2012.03.001
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flow-reversal  time  was  20.6  mins  (range:  200  s,  47  mins).
Details  of  the  reviewed  studies  are  summarized  in  Table  2.

Concerning  flow-reversal  intolerance,  of  the  821  CAS
cases  reviewed,  713  (86.8%)  were  performed  under  local
anesthesia,  thereby  allowing  neurological  evaluation.  Of
these  713  procedures,  28  patients  (average:  3.8%,  range:
0.0—9.7%)  presented  with  flow-reversal  intolerance.  How-
ever,  several  investigators  have  shown  that  intolerance  can
be  resolved  by  temporarily  deflating  the  CCA  balloon  to
restore  antegrade  flow  [19,22,25,30,32].  This  maneuver  was
also  done  during  some  of  the  more  prolonged  procedures
[22].  When  ICA  antegrade  flow  was  restored,  however,  it
was  not  possible  to  rule  out  the  occurrence  of  brain  embolic
events.

As  for  flow-reversal  time,  in  the  821  procedures
reviewed,  the  average  duration  time  reported  was  20.6  mins
(range:  200  s,  47  mins)  whereas,  in  our  present  series,
the  average  flow-reversal  time  was  7.3  mins  (range:
2.9—41.1  mins)  and,  excluding  the  first  two  cases,  the  mean
flow-reversal  time  was  4.0  mins.  When  pre-dilatation  was
not  performed,  the  mean  flow-reversal  time  was  3.5  mins,
compared  with  5.3  mins  when  pre-dilatation  was  performed.

Thus,  excluding  the  first  two  cases,  the  average  flow-
reversal  time  achieved  in  our  present  study  was  three  to  five
times  faster  than  in  most  of  the  studies  already  published.
In  addition,  flow  reversal  during  CAS  was  continuous,  with-
out  interruption,  thereby  avoiding  potential  brain  embolic
events.  Moreover,  considering  remodeling  technique  for
the  treatment  of  wide  neck  intracranial  aneurysms,  an
intracranial  artery  occlusion  can  be  done,  by  means  of  a
micro-balloon,  up  to  5  min  without  brain  ischemic  injury.
On  extrapolating  the  remodeling  technique  results  to  CAS
with  continuous  flow  reversal  lasting  up  to  5  min,  it  is  pos-
sible  to  argue  that  ICA  flow  reversal  may  be  tolerated  in
patients  with  no  intracranial  communications  who  are  in
need  of  carotid  revasculatization.  Thus,  we  believe  that  our
technical  proposition  should  also  be  tested  with  patients
presenting  no  patent  intracranial  collaterals.

Conclusion

In  our  present  selected  subjects,  the  CAS  procedure  using
the  GORE  flow  reversal  system  appeared  to  be  safe  and
effective,  with  improved  technical  performance  of  the
procedure.  This  was  observed  in  particular  with  the  flow-
reversal  times  achieved.  Thus,  studies  comparing  the  GORE
system  and  other  protection  devices  are  suggested  to  ascer-
tain  all  of  the  benefits  of  flow  reversal  during  CAS.
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