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Summary  Complication  after  carotid  artery  revascularization  is  mainly  represented  by  stroke.
Reversible  cerebral  vasoconstriction  syndrome  triggering  by  carotid  artery  revascularization  is
exceptional  but  it  is  an  unrecognized  aetiology  of  stroke.  It  could  be  associated  with  brain  edema
and henceforth,  a  posterior  reversible  encephalopathy  syndrome  can  be  confused  with  post-
carotid artery  revascularization  cerebral  hyperperfusion  syndrome.  We  reported  three  cases
about reversible  cerebral  vasoconstriction  syndrome  following  revascularization  therapy  whose
one had  also  a  posterior  reversible  encephalopathy  syndrome.  This  complication  occurred  within
two weeks  after  carotid  artery  revascularization.  All  took  nimodipine  and  all  had  a  functional
improvement  at  3-months  follow-up.  Reversible  cerebral  vasoconstriction  syndrome  with  pos-
terior reversible  encephalopathy  syndrome  after  carotid  artery  revascularization  may  mimic
cerebral  hyperperfusion  syndrome.  After  a  comprehensive  review,  nineteen  cases  of  reversible
encephalopathy cerebral vasoconstriction  syndrome  post-carotid  artery  revascularization  have  been  reported

syndrome  (PRES) in the  literature  mainly  after  symptoms.  It  occurs  mainly  in  women  around  sixty  years  of  age.
The onset  is  expected  four  days
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P.  Constant  dit  Beaufils,  

bbreviations

AR  carotid  artery  revascularization
AS  carotid  artery  stenting
BF  cerebral  blood  flow
EA  carotid  endarterectomy
HS  cerebral  hyperperfusion  syndrome
T  computed  tomography
TA  computed  tomography  angiography

CA  internal  carotid  artery
CHD-3  International  Classification  of  Headache  Disorders
CA  middle  cerebral  artery
RI  magnetic  resonance  imaging
RS  modified  Rankin  Scale
ASCET  North  American  Symptomatic  Carotid  Endarterec-

tomy  Trial
IHSS  National  Institutes  of  Health  Stroke  Scale
RES  posterior  reversible  encephalopathy  syndrome
CVS  reversible  cerebral  vasoconstriction  syndrome
SRI  selective  serotonin  reuptake  inhibitor
ICI  thrombolysis  in  cerebral  infarction

ntroduction

n  Europe,  stroke  causes  1.1  million  deaths  annually  [1]
nd  it  is  the  most  common  cause  of  worldwide  disability.
n  nearly  one  third  of  cases,  large-artery  atherosclerosis  is
he  etiology  of  stroke  [2].  Carotid  artery  endarterectomy
CEA)  is  indicated  for  50  to  99%  symptomatic  carotid  artery
tenosis  evaluated  by  the  NASCET  scale  [3—5].  However,
n  alternative  option  is  carotid  artery  stenting  (CAS)  espe-
ially  for  patients  with  high-surgical  risk  or  hostile  neck  [6].
arotid  artery  revascularization  (CAR)  must  be  performed
ithin  fourteen  days  after  symptoms  onset  to  prevent  stroke

ecurrence.  In  mostly  cases,  no  complication  occurs  but  a
troke  might  happen  especially  during  CAS  (10%)  compare
o  CEA  (6%)  [7].  Herein,  we  report  three  cases  of  stroke
uring  reversible  cerebral  vasoconstriction  syndrome  (RCVS)
fter  CAR,  discuss  the  differential  diagnoses  and  describe
he  reported  cases  in  literature.

ethods

e  used  the  hospital  database  of  three  French  hospitals  to
ollect  medical  history,  clinical  data,  radiological  finding,
reatment  and  outcome  of  patients.

We  reviewed  the  medical  literature  on  RCVS  and  CAR
from  1990  to  October  2020)  using  these  keywords  ‘RCVS’,
Reversible  Cerebral  Vasoconstriction  Syndrome’,  ‘Vasos-
asm’,  ‘endarterectomy’,  ‘vasoconstriction  syndrome’,
carotid  surgery’,  ‘carotid  stenting’.  For  this,  we  conduc-
ed  database  searches  (PubMed®)  and  cross-referenced  the
ibliographies  of  related  articles  [8—25]. Whenever  pos-
ible,  we  collected  information  about  patients’  feature  at
he  time  of  diagnosis,  type  of  intervention,  laterality  of
ntervention,  trigger,  diagnosis,  initial  treatment,  additional

reatment  and  patient  outcome.

All  cases  fulfilled  the  ICHD-3  diagnosis  criteria  of  RCVS
26].  In  case  2,  in  the  absence  of  validated  diagnostic  cri-
eria  of  PRES,  the  diagnosis  was  made  based  on  clinical  and
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euroradiological  evidence  by  experts  in  neurovascular  field
27].

esults

bservation

ase  No.  1:  a  62-year-old  woman  was  admitted  with  a
eft  sudden  and  painless  amaurosis  fugax  for  15  minutes.
he  was  a  smoker  (40  pack  per  year)  with  a  history  of
ypertension,  hypercholesterolemia,  family  history  of  car-
iovascular  disease  and  depression.  She  took  citalopram,
imvastatin,  spironolactone  and  altizide.  A  computed  tomo-
raphy  (CT)  angiography  (CTA)  showed  a  near  occlusive
nternal  carotid  artery  stenosis  on  left  side  without  any
bnormalities  in  brain  (Fig.  1a).  Additionally,  a  Doppler
ltrasonography  found  an  80—90%  carotid  artery  stenosis
n  North  American  Symptomatic  Carotid  Endarterectomy
rial  (NASCET).  She  was  treated  with  eversion  CEA  under
eneral  anesthesia  without  elective  shunting  nor  intraope-
ative  angiogram  or  monitoring.  No  early  complication  was
eported.  She  was  discharged  on  the  13th  day  following
he  procedure  with  aspirin,  nicotine  replacement  therapy
n  addition  to  her  previous  medication.  Six  days  later,  she
as  brought  to  the  hospital  for  recurrent  thunderclap  hea-
aches  and  right  hemiplegia  (National  Institutes  of  Health
troke  Scale  [NIHSS]  =  6).  Her  blood  pressure  was  normal.  A
on-enhanced  CT  scan  showed  a  left-sided  brain  infarction.
n  arteriography  showed  diffuse  narrowing  of  cerebral  arte-
ies  especially  in  the  M2  segment  of  the  left  middle  cerebral
rtery  suggesting  a  RCVS  (Fig.  1b).  Only  selective  serotonin
euptake  inhibitors  (SSRI)  and  nicotine  replacement  the-
apy  was  discontinued  and  nimodipine  was  introduced.  At
-month  follow-up,  she  had  a  modified  Rankin  scale  (mRS)
f  1,  nimodipine  was  withdrawn  and  no  significant  vasospasm
n  her  arteries  (Fig.  1c)  was  showed.  No  further  vascu-
ar  event,  myointimal  hyperplasia  or  headaches  recurrences
ere  reported.

Case  No.  2:  a  72-year-old  woman  was  admitted  to  the
mergency  Room  after  recurrent  right  hemiparesis  and
phasia.  She  had  a  history  of  arterial  hypertension  and
epression.  Her  medications  include  clopidogrel,  hydrochlo-
othiazide,  valsartan  and  fenofibrate.  Two  weeks  before
er  admission,  an  eversion  CEA  was  successfully  performed
or  an  ulcerative  carotid  stenosis  (NASCET  80%)  associated
ith  an  ipsilateral  silent  parietal  infarction.  The  procedure
as  performed  without  the  use  of  a  shunt  or  intrao-
erative  angiographic  control.  The  procedure  was  well
olerated  and  the  patient  showed  no  immediate  postope-
ative  complications.  At  the  admission,  her  neurological
xamination  found  a  bradyphemia  (NIHSS  =  1)  with  mild  hea-
aches.  A  CT  Angiography  (CTA)  of  intra-  and  extracranial
rtery  was  unremarkable  and  cerebral  CT  scan  revealed  no
ew  finding  (Fig.  2a).  She  was  discharged  with  the  diag-
osis  of  transient  ischemic  attack.  Ten  days  after,  she  was
eadmitted  for  persistent  right  hemiparesis.  A  CTA  showed

 narrowing  of  A2  and  M2  segment  of  the  left  cerebral

rtery  (Fig.  2b)  in  favor  of  RCVS  but  few  days  after  nimo-
ipine  onset  and  SSRI  withdrawal,  her  condition  worsened
nd  she  developed  a right  hemiplegia  and  aphasia  during
cute  hypertension.  An  MRI  showed  a vasogenic  edema  on

6
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Figure  1  Case  1  imaging.  a:  enhanced  brain  computed  tomography  showed  tight  stenosis  (yellow  arrow);  b:  sagittal  digital
subtraction angiogram  at  acute  stage  showed  diffuse  vasospasms  (yellow  arrows);  c:  sagittal  digital  subtraction  angiogram  at
three-month follow-up  showed  the  reversibility  (yellow  arrows).

Figure  2  Case  2  imaging.  a:  enhanced  brain  computed  tomo-
graphy showed  no  abnormality;  b:  enhanced  brain  computed
tomography  showed  vasopasm  on  MCA  (yellow  arrows);  c:  fluid-
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ttenuated  inversion  recovery  (FLAIR)  and  diffusion  weighted
equencies  showed  hyperintensities  in  left  hemisphere  with  no
iffusion  restriction  diffusion  evocating  an  vasogenic  edema.

he  left  hemisphere  in  favor  of  a  posterior  reversible  ence-
halopathy  syndrome  (PRES)  (Fig.  2c).  After  strict  blood
ressure  control  without  hyper-  or  hypotension,  the  patient
as  slowly  recovered.  At  3-month  follow-up,  she  still  had

 persistent  right  upper  limb  monoparesia  (mRS  =  3)  but
RI  showed  complete  resolution  of  the  vasospasm  and

he  brain  edema.  She  still  took  clopidogrel,  hydrochloro-
hiazide,  valsartan  and  fenofibrate  without  recurrence  of
ascular  disease.  No  ultrasonography  follow-up  has  been
onducted.

Case  No.  3:  a  53-year-old  woman,  with  a  past  medical  his-
ory  of  current  smoking  (30  packs  per  year),  a  non-treated
ypercholesterolemia  and  high  blood  pressure  was  admit-

ed  for  a  sudden  right  hemiplegia  and  aphasia  (NIHSS  =  10).
t  admission,  her  NIHSS  improved  to  3.  An  MRI  reported  an
cute  brain  infarction  in  the  left  deep  middle  cerebral  artery
MCA)  territory  with  a  tandem  lesion  (left  internal  carotid

m
c
r
t

19
cclusion  and  occlusion  of  the  first  segment  of  the  MCA),
nd  a  subacute  stroke  was  detected  on  the  contralateral
ide.  An  endovascular  treatment  was  performed:  the  occlu-
ed  carotid  was  traversed  using  an  aspiration  catheter  that
chieved  a  full  recanalization  of  the  intracranial  arteries  by
ndovascular  treatment.  After  confirming  the  persistence  of
3%  NASCET  carotid  stenosis  (Fig.  3a),  CAS  was  performed
nder  local  anesthesia.  An  angiogram  showed  successful
tent  implantation  without  residual  stenosis.  Her  neurolo-
ical  condition  quickly  improved  and  she  was  discharged
t  home  with  NIHSS  1  with  aspirin,  clopidogrel,  atorvas-
atin  and  nicotine  replacement  therapy.  Two  days  after
seven  days  after  endovascular  therapy),  she  had  sponta-
eous  left  frontal  acute  headaches  with  no  other  symptoms
or  hypertension  during  4  hours  when  she  was  sleeping.  A
T  scan  showed  narrowing  in  the  downstream  of  left  carotid
onfirmed  by  MRI  without  any  brain  complication  (Fig.  3b).
imodipin  was  added  to  her  treatment  for  4  weeks  and  nico-
ine  replacement  therapy  stopped.  At  3-month  follow-up,
TA  confirmed  the  reversibility  and  the  permeability  of  stent
Fig.  3c).  She  had  an  NIHSS  0  and  mRS  of  1.  Only  clopido-
rel  was  withdrawn  at  this  time.  She  denied  any  recurrence
nd  her  follow-up  showed  an  excellent  patency  of  the
tent.

eview

e  reviewed  the  previously  published  literature  and  iden-
ified  19  cases  of  RCVS  following  a  CAR  (Table  1).  Among
hese  19  cases,  12  cases  had  a  symptomatic  carotid  stenosis
8—11,16],  5  patients  had  been  treated  by  a  carotid  sten-
ing  [14,20]  and  the  other  by  CEA.  Similar  to  the  present
ases,  high-grade  carotid  stenosis  was  reported  in  almost
ll  patients  but  different  radiological  modalities  were  used
or  the  stenosis  assessment.  The  median  time  of  RCVS
nset  following  revascularization  is  4  days  (range  0—30)
ith  headaches  as  the  main  onset  symptom.  RCVS  post-

evascularization  affects  relatively  young  patients,  with  a
ean  age  at  onset  of  62.7  (±  10.1)  years,  mainly  female
atients.  Few  patients  had  additional  precipitant  factors
ike  SSRI  uptake  [14,16].  No  PRES  was  reported.  Treat-

ent  for  RCVS  included  calcium  channel  blocker  [9—17],

orticotherapy  [9]  and  hypertension  management  [10].  No
ecurrence  has  been  reported  in  any  of  these  cases.  Condi-
ion  of  all  patients  improved  after  RCVS.
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Table  1  Summary  of  the  literature  cases  of  RCVS  after  CAR.

Authors  Age  Sex  %  stenosis  Side  of
stenosis

CAR
indication

Intervention  Symptom
onset

Postoperative  symptoms  Treatment  Brain
infarction

Outcome

Brick  [8]  57  M  70%  Right  Symptomatic  CEA  8  Headache,  confusion,
agitation,  paranoia

None  No  Improvement

Lopez-Valdes [9]  54  F  80—90%  Left  Symptomatic  CEA  8  Headache,  nausea,
dizziness

Verapamil  Yes  Improvement

Lopes-Valdes [9]  50  M  95%  Right  Symptomatic  CEA  7  Headache,  loss  of  vision
and  transient  numbness
of left  side

Corticoid  Yes  Improvement

Dagher [10]  62  M  70—99%  Left  Symptomatic  CEA  5  Right  upper  extremity
weakness  and  expressive
aphasia

Diltiazem  No  Improvement

Rosenbloom [11]  54  F  —  Left  Symptomatic  CEA  2  Headache  Nimodipine  Yes  Improvement
Bodenant [12]  74  M  90%  Right  Asymptomatic  CEA  4  Headache  Nicardipine  No  Improvement
Wu [13]  58  F  95%  Right  Asymptomatic  CEA  3  Headache,  nausea,

transient  mild  left-sided
weakness  and  clumsiness

Nimodipine  Yes  Improvement

Aghaebrahim [14]  60  F  —  Right  —  CAS  30  Headache  and  left-sided
weakness

Verapamil  —  Improvement

Causey [15]  69  M  80—90%  Left  Asymptomatic  CEA  4  Transient  episode  of
right  hand  ataxia

Verapamil,
nimodipine

Yes  Improvement

Fitas [16]  55  F  65—70%  Right  Symptomatic  CEA  3  Headache,  apathy,
somnolence

Nimodipine  Yes  Improvement

Asuzu [17]  54  F  80—99%  Right  Asymptomatic  CEA  3  Headache  Verapamil,
nimodipine

Yes  Improvement

Judge [18]  65  F  —  Left  —  CEA  1  Headache  —  No  Improvement
Tunguturi [19]  61  F  90%  Left  Symptomatic  CEA  4  Headache  Verapamail  Yes  Improvement
Meybodi [20]  59  F  >  90%  Right  Symptomatic  CEA  4  Confusion  Corticoid  No  Improvement
Higashi [21]  73  M  85%  Left  Symptomatic  CAS  0  Disturbance  of

consciousness,  Right
hemiparesis

Hypertensive
therapy

Yes  Improvement

Isikbay [22]  84  F  ≥  70%  Right  Asymptomatic  CEA  10  Left  arm  and  leg
weakness  and  numbness

Verapamil  Yes  Improvement

Shoskes [23]  74  F  Occlusion  Right  Symptomatic  CAS  5  Left  hemiplegia  with
right  gaze  deviation

Verapamil  Yes  Improvement

Soltanolkotabi [24]  49  F  70—80%  Left  Symptomatic  CAS  0  Headache  Verapamil  Yes  Improvement
Kobayashi [25]  79  M  95%  Left  Symptomatic  CAS  0  Right  hemiplegia,

aphasia,  and  loss  of
consciousness

Corticoid  Yes

F: female; M: male, CAR: carotid artery revascularization, CEA: carotid endarterectomy; CAS: carotid artery stenting.
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Figure  3  Case  3  imaging.  a:  digital  subtraction  angiography  showed  tight  stenosis  of  the  left  internal  carotid  artery  (yellow
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iscussion

e  report  three  cases  of  RCVS  after  CAR.  This  case  series
ighlights  two  points:

 the  RCVS  should  be  considered  as  curable  etiology  of  neu-
rological  worsening  after  CAR;

 RCVS  and  its  related  disease  like  PRES  share  some  radio-
clinical  features  with  another  CAR  complication:  the
cerebral  hyperperfusion  syndrome  (CHS).

CVS,  a  rare  cause  of  neurological  worsening  after
AR

hile  stroke  remains  a  major  cause  of  neurological
orsening  after  CAR,  the  underlying  pathophysiological
echanism  is  relevant  to  prevent  and  manage  this  compli-

ation.  Stroke  from  thromboembolism  emerges  as  the
redominant  factor  in  more  than  half  of  cases  [28]  and
an  result  from  the  disruption  of  the  atheromatous  plaque
uring  the  intervention  or,  unusually,  from  a  focal  dissection.
emodynamic  impairment  characterized  by  cerebral  hypo-
erfusion  that  may  be  induced  by  intravenous  anesthesic
rugs,  injury  of  the  pericarotid  sympathetic  baroreceptors
nd/or  carotid  occlusion  by  clumping  or  balloon  dilatation
an  lead  to  junctional  stroke.  On  the  other,  impaired  cere-
ral  autoregulation  may  provoke  neurological  worsening  and
troke  after  CAR.  Initially,  CHS,  due  to  acute  cerebral  per-
usion  raising,  was  described  both  in  CEA  and  CAS  but,
ecently,  another  impaired  cerebral  autoregulation  disorder,
CVS  had  also  been  described  after  CAR  [11]  (Table  2).

According  to  the  International  Classification  of  Hea-
ache  Disorders  3rd  edition  (ICHD-3)  classification  [26]
Table  2),  key  symptoms  of  RCVS  are  recurrent  thunder-
lap  headaches  [29].  Nonetheless,  the  absence  of  typical
hunderclap  headache  does  not  exclude  the  diagnosis  of
CVS  [30].  Multiple  complications  may  appear  during  RCVS

ike  seizure,  intracranial  haemorrhage  (hematoma  or  sub-
rachnoid  haemorrhage)  but  also  brain  infarction  and  PRES

espectively  in  up  to  39  and  38%  of  cases  [31,32].  Apart  from
ommon  precipitating  factors  like  vasoactive  substances  and
eripartum,  another  factors  have  been  described  included
EA  [11]  but  with  a  very  low  prevalence  (Table  1).  RCVS

c
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y  eight  days  after  stenting  showed  vasospasms  on  left  posterior
y  at  three-month  follow-up  showed  vasospasm  reversibility.

s  radiologically  characterized  by  segmental  and  transient
erebral  vasoconstriction  on  angiography.  Calcium  channel
lockers  are  administrated  to  relieve  the  vasospasm  and
viction  of  precipitating  factors  should  be  considered.  The
utcome  is  usually  good.

imilarities  of  RCVS  with  PRES  and  CHS,  a common
pectrum?

s  previously  described,  some  authors  have  described  co-
ccurrence  between  PRES  and  RCVS  [33]  but  the  association
f  RCVS-PRES  share  some  radio-clinical  presentation  with
nother  impaired  cerebral  autoregulation  disorder:  the  CHS.

Cerebral  hyperperfusion  syndrome  (CHS)  is  characterized
y  transient  cerebral  hyperperfusion  after  carotid  recanali-
ation.  CHS  has  a postoperative  incidence  of  1%  and  occurs
ithin  the  first  month  after  CAR.CHS  predominates  in  men
ged  70  to  78  years  [34].  Patients  may  have  headaches,
eizures,  focal  neurological  deficit,  and  acute  encephalo-
athy.  Most  cases  achieve  a  remarkable  recovery,  although
ntracranial  hemorrhage  occurs  in  10%  and  death  in  4%  [35].
erebral  perfusion  imaging  plays  a  central  role  in  diagnosis.

According  to  Table  2, only  perfusion  imaging  is  requi-
ed  to  make  the  diagnosis  of  CHS,  but  vessel  analysis  is
ot  in  the  diagnostic  criteria  of  CHS  and  this  may  lead  to

 measurement  bias,  since  no  study  in  the  literature  has
escribed  vessels  during  CHS  [35—37].  Distinguishing  RCVS-
RES  and  CHS  can  be  challenging  in  clinical  practice,  since,
oth  conditions  share  common  neurological  and  radiological
eatures  except  thunderclap  headaches  and  vasospasms  in
CVS.  Early  discrimination  between  these  entities  is  impor-
ant  because  of  management  differences.  It  is  required  to
lways  assess  the  arterial  vasculature  after  neurological
ymptoms  following  CAR  from  the  carotid  to  the  brain.  On
ne  hand,  the  treatment  of  CHS,  like  PRES,  relies  on  hyper-
ensive  therapy,  which  may  be  deleterious  in  the  case  of
CVS  due  to  hypoperfusion.  On  the  other  hand,  as  illustrated

n  case  2,  in  RCVS,  the  prescription  of  a  calcium  channel  blo-

ker  —  a  vasodilator  with  a  low  antihypertensive  effect  —  can
ncrease  cerebral  blood  flow  and  lead  to  cerebral  oedema.
e  did  not  consider  the  value  of  perfusion  imaging  in  case

,  given  the  common  evidence  of  spasm  and  oedema,  and
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Table  2  Main  characteristics  of  RCVS,  PRES  and  CHS.

PRES  [39]  RCVS  [33]  CHS  [36]

Definition/diagnostic
criteria

N/A  ICHD-3  N/A

Precipitating  factors  Malignancy,  pre-eclampsia,
renal  injury,  autoimmune
disorders,  sepsis,  acute
hypertension,
immunosuppressive  and
chemotherapeutic
medications,  idiopathic

Pregnancy  and  puerperium,
vasoactive  drugs  and  illicit
substances
Acute  stress

Acute  carotid  reperfusion

Clinical presentation
Headaches  Moderate  to  severe  Thunderclap  headaches  Moderate  to  severe
Seizure Common  Uncommon  Uncommon
Focal neurological  deficit  Uncommon  Uncommon  Uncommon
Encephalopathy  Common  Rare  Uncommon
Visual loss  Common  Uncommon  Not  reported

Radiological  findings
Usefulness  of  DSA  None  Yes  No
Oedema Yes  No  Yes
Contrast enhancement  Uncommon  Rare  N/A
Hemorrhagic
manifestations

Uncommon  Yes  Uncommon

Ischemic manifestations Very  rare  Uncommon  Rare
Vasoconstriction Uncommon  Very  frequent  N/A
Perfusion Hyperperfusion  Hypoperfusion  Hyperperfusion

Criteria diagnosis Suggested  by  Fischer  et  al.
[27]
Neurological  symptoms  of
acute  onset
Focal  vasogenic  edema  on
neuroimaging
Reversibility  of  clinical
and/or  radiological  findings

According  ICHD-3  [26]
Thunderclap  headaches  and/or
triggered  by  sexual  activity,
exertion,  Valsalva  maneuvers
With  or  without  focal  deficits
and/or  seizures
Angiography  (with  ‘‘string  of
beads’’  appearance)
Disappearance  of  the
headaches  and  arterial
abnormalities  within  three
months

Suggested  by  Van  Mook
et al.  [36]
Acute  neurological
symptoms  after  carotid
reperfusion
No  abnormalities  on  CT  scan
Cerebral  hyperperfusion  on
perfusion  imaging
Disappearance  of  symptoms
after  normalization  of
cerebral  blood  flow

Treatment Conservative  management
Antihypertensive  therapy

Conservative  management
Withdraw  any  vasoactive
substance
Calcium  channel  blocker

Conservative  management
Antihypertensive  therapy

N/A: not available; CHS: cerebral hyperperfusion syndrome; RCVS: reversible cerebral vasoconstriction syndrome; PRES: posterior
sifica
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cerebral encephalopathy syndrome; ICHD-3: The International Clas
angiography.

he  patient  was  managed  with  strict  blood  pressure  control
ssociated  with  nimodipine  administration.

CVS,  PRES,  CHS:  an  underlying  common
athophysiology

HS,  PRES,  and  RCVS  might  share  the  same  pathophy-
iological  pathways,  even  if  partly  understood,  leading

o  dysregulation  of  cerebral  autoregulation  [38].  Cerebral
utoregulation  refers  to  the  capacity  to  maintain  cons-
ant  cerebral  blood  flow  despite  changes  in  blood  pressure
hrough  arteriolar  diameter  adjustments.  In  PRES,  acute

d
a
d
r

20
tion of Headache Disorders 3rd edition; DSA: digital subtraction

igh  blood  pressure  above  the  upper  autoregulation  range
eads  to  cerebral  hyperperfusion,  which  may  cause  blood
rain  barrier  disruption  and  vasogenic  edema.  Endothe-
ial  dysfunction  caused  by  cytotoxic  injury  may  lead  to
asospasm  and  increased  vascular  permeability  leading
o  vasogenic  edema  [39]. In  CHS,  after  a  chronic  brain
ypoperfusion,  hyperperfusion  post-revascularization  might
verwhelm  cerebral  autoregulatory  mechanisms  leading  to  a
lood  brain  barrier  disruption.  Moreover,  release  of  oxygen-

erived  free  radicals  during  carotid  endarterectomy  could
lter  endothelial  function  and  induce  cerebral  regulation
ysfunction  leading  to  vasogenic  edema  [36].  In  RCVS,  impai-
ed  cerebrovascular  autoregulation  attributed  to  autonomic
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ysregulation,  oxidative  stress,  impaired  endothelial  func-
ion,  and  blood  brain  barrier  disruption  might  impact  in
athophysiology  and  lead  to  exaggerated  vasoconstriction
33].

The  description  of  these  strictly  unilateral  abnorma-
ities  after  revascularization  reinforces  the  hypothesis  of

 common  pathophysiology  between  RCVS-PRES  and  their
esemblance  to  CHS  among  a  cerebral  autoregulation
mpairment  disorder  spectrum.

onclusion

e  report  three  cases  of  uncommon  and  curable
omplications  following  CAR  that  vascular  physicians  should
e  aware.  The  underlying  pathophysiology  of  these  syn-
romes  involves  a  cerebral  autoregulation  impairment.
ccording  to  common  pathophysiology  and  clinical  features,
CVS,  PRES  and  CHS  might  be  three  faces  of  a  one  disorder.
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