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wake  craniotomy  for eloquent  pial  arteriovenous
stula: anesthetic  and  surgical  consideration  of a rare
ase

árcio Cardoso Krambek a,∗, João Luiz Vitorino-Araujo b,
enan  Maximilian Lovato b, José Carlos Esteves Veiga b

Faculdade  de  Ciências  Médicas  da  Santa  Casa  de  São  Paulo,  Departamento  de  Anestesiologia,  São  Paulo,  SP,  Brazil
Faculdade  de  Ciências  Médicas  da  Santa  Casa  de  São  Paulo,  Disciplina  de  Neurocirurgia,  São  Paulo,  SP,  Brazil

eceived 5  September  2020;  accepted  13  March  2021
vailable  online  20  April  2021

KEYWORDS
Arteriovenous  fistula;
Awake  craniotomy;
Anesthesiology;
Vascular  disorders

Abstract  Intracranial  pial  Arteriovenous  Fistulas  (AVFs)  are  rare  cerebral  vascular  lesions  com-
posed of  one  or  more  arterial  connections  to  a  single  venous  channel.  We  report  a  50-year-old
patient with  a  ruptured  pial  AVF  located  in  an  eloquent  area.  Microsurgery  for  pial  AVF  occlusion
was proposed  with  awake  craniotomy  for  motor  function  and  neurological  evaluation.  Awake
craniotomy  is  a  technique  that  is  especially  useful  for  cerebral  vascular  lesions  in  eloquent
areas, where  an  occlusion  often  compromises  or  suppresses  the  blood  supply,  culminating  in
ischemia with  consequent  transient  or  definitive  deficits  in  neurological  function.

© 2021  Sociedade  Brasileira  de  Anestesiologia.  Published  by  Elsevier  Editora  Ltda.  This  is  an
open access  article  under  the  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
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erebral  vascular  lesions  are  associated  with  high  morbidity

nd  mortality  rates,  especially  when  they  rupture.1 Sub-
rachnoid  hemorrhage  after  aneurysm  rupture  is  the  most
atastrophic  vascular  manifestation.  However,  there  are

Abbreviations: AVF, Arteriovenous fistula; CT, Computed tomog-
aphy; ICG, Indocyanine green.
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ther  lesions  that  may  be  associated  with  severe  neurolog-
cal  impairment,  such  as  intracranial  Arteriovenous  Fistulas
AVFs).  Pial  AVFs  are  rare  vascular  lesions,  and  approxi-
ately  150  cases  have  been  described.1 They  are  high-flow

ascular  malformations  that  present  with  a  high  rupture  risk,
specially  after  an  initial  hemorrhage,  and  poor  neurological
utcomes.

Brain  hemorrhage  at  an  atypical  site  in  young  patients

ay  be  a  presentation  of  this  disease.  Treatment  usually

nvolves  a  neurosurgical  approach.  Comprehensive  knowl-
dge  of  the  brain  anatomy  before  and  during  the  procedure
s  essential  to  achieve  good  results.  Neurological  monitor-
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Figure  1  A,  Left/superior:  intraoperative  videoangiography.  B,  Right/superior:  microsurgical  view  under  magnification  of  the
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VF. C,  Left/inferior:  intraoperative  videoangiography  with  ICG
lipping (use  of  the  images  authorized  by  the  patient  through  inf

ng  may  be  performed  using  electrophysiology  methods,
nd  awake  craniotomy  improves  the  results.  Collaborations
etween  neurosurgeons  and  anesthesiologists  are  crucial  for
erforming  an  effective  procedure.  In  the  present  report,
e  describe  a  unique  case  of  a  pial  AVF  that  was  successfully

reated  through  awake  craniotomy.

ase report

 50-year-old  woman  presented  to  the  emergency  depart-
ent  with  the  sudden  onset  of  a  holocranial  headache  and
ild  left  hemiparesis  (grade  4)  associated  with  a  change  in

uperficial  sensitivity  in  the  left  dimidium  with  spontaneous
egression  5  days  after  the  event.  She  received  analgesic
rugs  and  underwent  brain  Computed  Tomography  (CT)
nd  cerebral  angiography,  which  revealed  a  small-volume
ntracranial  hemorrhage  that  did  not  require  drainage.  Dur-
ng  the  investigation,  complementary  examinations  were
erformed  (brain  resonance  imaging,  angioresonance,  and
igital  angiography),  and  the  presence  of  a  right  frontal  pial
VF  was  confirmed.

Thus,  we  opted  to  perform  elective  surgery  while  the
atient  remained  awake  to  continuously  assess  motricity
nd  sensitivity,  since  after  the  occlusion  of  an  AVF,  ischemia

nd  acute  neurological  deficits  may  occur.  There  is  evi-
ence  reported  in  the  literature  that  during  the  temporary
cclusion  of  vascular  lesions,  deterioration  in  neurological
unction  may  occur  without  concomitant  changes  in  neuro-
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r  AVF  clipping.  D,  Right/inferior:  microsurgical  view  after  AVF
d  consent).  AVF,  Arteriovenous  Fistula;  ICG,  Indocyanine  Green.

hysiological  parameters.  This  information  corroborates  the
ndication  for  awake  surgery  in  cases  like  the  one  described.2

After  occlusion  of  the  AVF  using  a  titanium  clip  (Fig.  1),
e  performed  motor  and  sensitive  tests  on  the  left  dimidium

or  15  minutes  through  active  mobilization  of  the  limbs  by
he  patient.  In  addition,  verbal  fluency  and  attention  were
ontinuously  assessed  during  the  procedure.  Vessel  patency
as  evaluated  based  on  the  visualization  of  normal  flow
fter  intravenous  Indocyanine  Green  (ICG)  administration.

This  strategy  allowed  for  the  definitive  occlusion  of  the
stula  with  safety,  ensuring  the  preservation  of  motor  and
ensitive  functions,  and  the  patient  did  not  develop  any  neu-
ological  sequelae.  The  duration  of  the  awake  procedure  was
pproximately  50  minutes,  with  a  total  operative  time  of
pproximately  150  minutes.  There  were  no  changes  in  the
otor  and  sensitive  evoked  potentials.  The  patient  was  mon-

tored  using  electrocardiography,  blood  oxygen  saturation
easurements,  bispectral  index  assessments,  capnography,

nd  non-invasive  blood  pressure  measurements  every  5  min-
tes  during  the  asleep  phases  and  every  30  minutes  during
he  awake  phase.  The  anesthesiologist  placed  a  venous  line
20G  catheter)  in  the  forearm  of  the  patient.  The  patient
as  comfortably  positioned.

The  first  phase  of  the  procedure  (asleep  phase  1)  was
erformed  with  previous  oxygenation  for  5  minutes,  fol-

owed  by  an  intravenous  dose  of  1%  lidocaine  (0.5  mg.kg-1)
o  reduce  or  prevent  pain  at  the  injection  site.  Anesthetic
nduction  with  propofol  (6---8  �g.mL-1)  and  remifentanil  (4
g.mL-1)  was  performed,  followed  by  the  introduction  of  a
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igure  2  Awake  phase:  verbalization  (use  of  the  image  autho-
ized  by  the  patient  through  informed  consent).

aryngeal  mask  tailored  to  the  patient.  The  ventilator  was
et  in  a  pressure-controlled  mode,  and  the  patient  received
echanical  ventilation.  Subsequently,  the  doses  of  propo-

ol  and  remifentanil  were  immediately  reduced  to  4  �g.mL-1

nd  1.5  ng.mL-1,  respectively.  A  new  venous  site  of  injection
as  set  using  an  18G  catheter.

The  patient  received  a  urinary  catheter,  prophylac-
ic  antibiotics  (cefuroxim),  and  drugs  to  control  her
ymptoms  (ondansetron,  dexamethasone,  dipyrone,  panto-
razole)  according  to  her  body  weight.

Subsequently,  the  anesthesiologist  performed  a  scalp
lock  with  1%  lidocaine  with  no  epinephrine  and  0.5%  bupiva-
aine  with  epinephrine  of  the  supraorbital,  supratrochlear,
ajor  occipital,  zygomaticotemporal,  and  auriculotemporal

erves  bilaterally.  A  total  dose  of  150  mg  of  lidocaine  plus  75
g  of  bupivacaine  was  used  in  50:50  dilutions.  After  all  the

urgical  preparation,  the  procedure  surgery  was  initiated.
After  craniotomy  and  duramater  exposure,  duramater

as  soaked  with  a  gauze  containing  1%  lidocaine  (100  mg)
or  15  minutes,  and  the  venous  anesthesia  was  disrupted.

Once  the  patient  exhibited  an  increase  in  the  BIS  index
up  to  70),  or  to  the  awake  level,  the  laryngeal  mask  was
emoved,  and  we  initiated  the  second  phase  of  the  proce-
ure:  awake  (Fig.  2).

The  neurophysiologist  then  continuously  monitored  the
eurological  function,  helping  the  surgeon  to  clip  the  fistula
afely.  The  patient  was  awake,  with  good  cognition,  without
ain,  and  very  collaborative.

After  complete  clipping  of  the  fistula  and  neurological
valuations,  the  patient  was  submitted  to  the  third  phase
f  anesthesia,  asleep  phase  2.  New  induction  was  performed
ith  propofol  and  remifentanil,  the  laryngeal  mask  was  eas-

ly  reintroduced  with  the  patient  positioned  with  cranial
ins,  and  the  patient  received  mechanical  ventilation  until
ompletion  of  the  procedure.  The  patient  had  an  estimated
leeding  volume  of  less  than  100  mL.  Once  completed,  the
atient  was  awakened  again,  not  reporting  pain  or  other

ymptoms.  She  was  admitted  to  the  intensive  care  unit  for
2  hours  and  then  to  a  hospital  bed  for  24  hours,  being
ischarged  after  36  hours  with  excellent  recovery  and  the
bsence  of  neurological  deficits.
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This  case  report  describes  for  the  very  first-time  surgical
reatment  for  a  pial  AVF  while  the  patient  was  awake.

iscussion

ial  AVF  are  rare  vascular  lesions,  and  approximately  150
ases  have  been  described1 that  required  prompt  treat-
ent  aiming  to  minimize  neurological  sequelae.  Based  on

 review  of  the  current  literature,  the  use  of  awake  surgery
or  the  treatment  of  AVF  has  not  previously  been  reported.2

VFs  may  be  acquired  traumatically,  iatrogenically,  or  con-
enitally.  They  are  typically  classified  as  a  subtype  of  pial
rteriovenous  malformations;  however,  they  are  differen-
iated  by  their  lack  of  an  intervening  nidus  between  the
rterial  feeder  and  venous  drainage.1 Due  to  their  unfavor-
ble  natural  course,  conservative  management  is  associated
ith  a mortality  rate  of  up  to  63%.3 One  of  the  most  com-
on  presentations  is  intracranial  hemorrhage,4 such  as  in

his  case.
Owing  to  their  high  mortality  rate,  despite  being  rare

esions,  pial  AVFs  must  be  considered  as  a  differential  diag-
osis  in  young  patients  with  intracranial  hemorrhage  in
typical  topography.  Intraoperative  resources  such  as  intra-
perative  videoangiography  using  ICG  and  intraoperative
onitoring  should  be  used  to  increase  therapeutic  success,
reventing  neurological  complications  and  the  need  for  fur-
her  surgeries.

Awake  craniotomy  for  lesions  in  eloquent  area  is  a
ell-established  procedure  in  the  field  of  neuro-oncology5;
owever,  this  method  is  not  widely  used  for  vascular
esions.3 Intraoperative  monitoring  of  motor  evoked  poten-
ials  is  a  valuable  resource  that  guides  neurosurgeons;
owever,  in  some  cases,  it  may  be  insufficient  to  prevent
eurological  motor  deficits  because  electrical  conduction
ay  be  imprecise.  When  a  patient  is  awake,  a  neurologi-

al  examination  may  be  performed  in  real  time  to  improve
he  success  of  the  procedure.  Neurosurgeons,  neuroanes-
hesiologists,  and  neurophysiologists  must  be  in  perfect
ynchronism  during  awake  surgical  procedures.

In  vascular  malformations,  the  anatomy  might  be  dis-
orted,  and  a  neurosurgeon  may  not  know  if  a  manipulated
essel  contributes  to  the  supply  of  eloquent  regions,  and
very  method  that  aim  to  minimize  sequelae  is  valuable  and
hould  be  performed  by  a  trained  multidisciplinary  team,
uch  as  awake  craniotomy.  Good  relationships  among  the
eam  are  mandatory  for  such  delicate  procedures  because
ollaboration  during  the  awake  phase  is  essential  to  the  suc-
ess  of  the  surgery.

However,  patients  who  undergo  appropriate  neuropsy-
hological  and  motor  evaluations  and  have  good  relation-
hips  with  the  team  may  undergo  this  procedure  without
ncountering  complications.

onclusion

dvanced  resources  for  surgery  for  tumors  in  eloquent
reas  through  awake  craniotomy  are  well  described  in  many

apers.  Appropriate  evaluations  of  patients  before  these
rocedures  and  collaborations  among  neurosurgeons  and
nesthesiologists  are  mandatory.  Nevertheless,  awake  cran-
otomy  remains  less  used  for  vascular  lesions.  Pial  fistulas  in
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M.C.  Krambek,  J.L.  Vitori

loquent  areas  are  rare  and  may  evolve  with  severe  and
isabling  neurological  impairments,  especially  concerning
peech  and  motricity.  This  is  the  first  report  of  success-
ul  awake  craniotomy  for  a  peri-rolandic  fistula  wherein
dvanced  neuroimaging  methods  such  as  with  ICG  admin-
stration  were  implemented  with  excellent  results.  The  use
f  these  resources  should  be  encouraged  for  brain  vascular
esions.
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