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Anesthesiologists play a vital role in the management of intracranial aneurysms (IAs). The goal of endovascular repair of
IAs is the occlusion of the proximal feeding arteries or obliteration of the aneurismal sac. Destruction of the sac while spar-
ing the parent artery can be difficult, and can lead to distal embolism and rupture. The anesthesiologist must always be
prepared for potential complications. This article provides a brief description of the principles of anesthesia for endovascu-
lar repair of intracranial aneurysms, as well as the relevant epidemiological, pathophysiological, diagnostic and therapeu-
tic points. The goal of anesthesia in endovascular IA repair is to maintain an adequate hemodynamic profile and avoid
decreases in cerebral perfusion pressure. Cerebral ischemia, increased intracranial pressure (ICP), and hemodynamic

instability are intraoperative concerns.

Key words: anesthesia, intracranial aneurysms, endovascular repair

Epidemiology

The incidence of intracranial aneurysms (IA)
in the general population is 0.2 to 9.9%. Although
most cases of IA are sporadic, certain disease states
are associated with the development of IAs including
polycystic kidney disease, neurofibromatosis type [,
Marfan syndrome, and Ehlers-Danlos syndrome type
IV [1, 2]. Some people have a genetic predisposition
to developing IAs, and the risk is increased in first-
degree relatives. 20 to 30% of patients diagnosed
with an aneurysm have more than one. Risk factors
for multiple aneurysms include cigarette smoking,
female gender, and hypertension. IAs typically exists
at branch points in the cerebral vasculature, the most
common site being the junction of the anterior com-
municating artery and middle cerebral artery.

IA rupture is a major cause of morbidity and
mortality, though fortunately, not all aneurysms rup-
ture. However, 85% of all cases of subarachnoid hem-
orrhage (SAH) result from a ruptured IA, which has
25 to 50% mortality. Many people that survive a SAH
are severely debilitated [3, 4]. Other presenting symp-
toms of IAs are caused by cranial nerve palsies, hy-
drocephalus, and cerebral compression. Rarely, an IA
can present with seizures. Most IAs does not rupture
and are completely asymptomatic; some are discov-
ered incidentally with brain imaging. IAs that is found
incidentally has an annual rupture rate of 0.5-2%.

Interventional neuroradiology (INR) procedures
are performed for a number of CNS pathologies, and
endovascular treatment IAs is an option for many pa-
tients. The goal of endovascular repair of IAs is the
occlusion of the proximal feeding arteries or oblit-

eration of the aneurysmal sac. Destruction of the sac
while sparing the parent artery can be difficult, and
can lead to distal embolism and rupture. Therefore,
the anesthesiologist must always be prepared for po-
tential rupture [5].

Ruptured IAs can be safely treated with endo-
vascular coiling in the first hours after rupture, with
a low probability of aneurysm perforation. Success
is determined largely by the size and anatomy of the
aneurysm. 57-85% of ruptured aneurysms less than
4mm in diameter can be completely occluded by en-
dovascular coiling, while only 15-35% of aneurysms
more than 4mm can be successfully coiled [6].

Preoperative considerations

The importance of pre-anesthetic assessment
can be overstated. The anesthesiologist must under-
stand the patient's pathology and presenting symp-
toms. A careful neurological exam is necessary for a
comparison with the patient's post-procedure state.
As with all anesthetic plans, patients’ comorbid condi-
tions, particularly relating to the patients’ blood pres-
sure, renal function, and cardiovascular status, should
be investigated prior to the procedure. Because anti-
coagulation is usually used, the presence of coagulo-
pathic conditions should be known, and evaluation of
hemostatic function should be considered. Patients’
allergies should be known, especially with regards to
contrast dye, protamine, shellfish, and iodine. Previ-
ous experience with angiography should be inquired,
as well as recent steroid use. Patients who will under-
go the procedure with intravenous sedation should
be capable of lying supine on a hard, flat surface for



16 HEMPOXUPYPINA U HEBPOJIOTUA KASAXCTAHA

Ne1 (22), 2011

a several hours, and risk factors for aspiration should
be inquired. The possibility of pregnancy should be
investigated in young female patients. In general, pre-
medication with anxiolytics should be avoided.

Anesthetic technique

The choice of anesthetic technique is deter-
mined by the anesthesiologist, and there is little data
to support that general anesthesia or sedation is pre-
ferred. Most anesthesiologists and neuroradiologists
prefer a general anesthetic for several reasons: this
approach is more comfortable for the patient, there
airway is protected, the patient's immobility will pro-
vide a better image for the radiologist, and there is
tighter control of respiratory and hemodynamic pro-
file. However, this must be weighed against the risks
of potential hypertension and subsequent increased
intracranial pressure (ICP) in response to intubation
and extubation. Additionally, a general anesthetic
technique prevents the ability to assess the patient's
intraoperative neurological status.

For general anesthesia, propofol is often the
agent of choice for induction. Maintenance can be
achieved with either sevoflurane or isoflurane. Des-
flurane has been associated with increased cerebral
blood flow, loss of autoregulation, and more cerebral
vasodilation in animal studies. Nitrous oxide is gen-
erally avoided because of risk of enlargement of mi-
cro air bubbles during injection of contrast or irriga-
tion fluid. For airway management, either a laryngeal
mask airway (LMA) or endotracheal tube (ETT) intu-
bation is appropriate.

If conscious sedation is used, the patient should
be comfortably positioned on the table. A propo-
fol infusion (10-20 pg/kg/min) is preferred by many
anesthesiologists because it offers some degree of
control when rapid return to consciousness and neu-
rological assessment is needed. The relatively high
rate of upper airway obstruction with propofol use,
however, must be considered and a nasopharyngeal
airway should be immediately available. Alternatively,
other agents, including dexmedetomidine, fentanyl,
and midazolam, can be administered and titrated to
effect. Oxygen should be administered continuously
via nasal cannula, and oxygen saturation should be
continuously monitored.

The INR suite should be prepared like any op-
erating room, and should be equipped for general
anesthesia and intubation. Emergency equipment for
cardiopulmonary resuscitation should be immediate-
ly available.

Intraoperative monitoring and considerations

Regardless of the anesthetic technique used, the
monitors used in the INR suite are the same as those
used in the operating room. In additional to standard
monitors, an arterial line can be useful in achieving
tight hemodynamic control. Contrast medium can

produce an osmotic load and lead to diuresis, thus
bladder catheterization is generally used to guide flu-
id management as well as for patient comfort. Core
body temperature should be closely monitored, and
hypothermia should be avoided. This is especially im-
portant when conscious sedation is used, as shivering
results in imaging degradation. Intravascular access
should be established, and extension tubing should
be used to maximize the distance between the anes-
thesiologist and the fluoroscopy unit.

The goal of anesthesia in endovascular IA repair
is to maintain an adequate hemodynamic profile and
avoid decreases in cerebral perfusion pressure. Cere-
bral ischemia, increased intracranial pressure (ICP), and
hemodynamic instability are intraoperative concerns.
Thus, blood pressure should be monitored closely and
maintained with tight pharmacologic control.

After the initial angiogram is obtained via the
femoral artery, a baseline activated clotting time
(ACT) is obtained and heparin (70 units/kg) is admin-
istered intravenously for a target ACT of two to three
times the baseline level. Before embolization, the
anatomy of the aneurysm sac is carefully examined
with advanced 3-dimensional imaging, and decisions
are made with regards to the safety and feasibility of
coiling the aneurysm.

Intraoperative complications

The two most frequent and devastating com-
plications that occur during endovascular treatment
of IAs is hemorrhage (2.4%) and thromboembolism
to distant vessels (3.5%). The anesthesiologist’s first
priority should be immediate securing of the airway
and communication with the interventional radiolo-
gist. If the problem is hemorrhage, heparin must be
immediately discontinued and reversal with prot-
amine should be administered intravenously (1mg
protamine for each 100 units of heparin used, with
an ACT afterward used for fine-tuning the dose). A
ventriculostomy is usually performed to decrease ICP.
In the setting of vascular occlusion, the anesthesi-
ologist's goal is to increase perfusion by augmenting
blood pressure with or without thrombolysis.

Post-operative care

Postoperatively, patients with successful embo-
lization should be monitored for neurological com-
plications and hemodynamic instability. Prompt rec-
ognition of SAH and neurological complications are
vital in providing immediate intervention and pre-
venting additional morbidity. Only rarely is emergent
craniotomy necessary.

Recanalization of coiled aneurysms is a signifi-
cant postoperative problem. Surface active and bio-
active coils have been developed, but their efficacy
has yet to be determined. Thus, follow-up angiogra-
phy is recommended for all coiled aneurysms, usually
at 6 months and 2 years.
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T¥)KbIPbIM

baccymekiwinik aHeBpu3MaHbl emzey KesiHae
aHEeCTE3NONONThbIH, Pesi aca MaHbI3zabl. bac cyrek iwinik
aHeBpW3MaHbl 3HAOBACKYNAPAbl KajMblHa KENTIPYAiH
MakcaTbl: aHEBPU3MaHbl KamMTamachl3 eTeTiH apTepusHbI
6iTen Tactay Hemece aHeBpW3Ma KarlbifblH biTey.
AHeBpu3Ma KanuwbiFblH - biTey KesiHAe, con xepai
KamTamacbl3 eTyLli apTepuaHbl 3akbiMAAYCbl3 XXYPridy
eTe Kkypgeni. On aHeBpU3MaHbIH >Kapblibin  KeTyi
Hemece wWeTKi apTepusanapablH, OiTenin  kanyblHa
aKesnyi MyMKiH. AHecTe3nonor apKallaH OCbl aTajfaH
ackblHynapfa JalblH  Typybl Kkepek. Ocbl Makana
3HAO0BACKYNAPAbIK, eMluapa Ke3iHAe >KaHCbI3gaHabipy
(aHecTe3uns) TananTapbiH- 3NUAEMUONOTUANBIK,

naTopU3nNoNornAnbIK, AMarHOCTUKaNbIK, emaey
epekLueniktepiHe calikec KblCKaLla TyCiHAIpin
6epegi. bac cyihek iwinik aHeBpu3MaFa OalinaHbICTbI
eMluapa YLWiH >XaHCbI3AaHAbIPYAbIH, Herisri makcatbl:

remofHamMmKanblk —KepceTkiwTi BipkaabinTbl ycTan,
MUabIH  nepdy3naabl  KbICbIMBbIH — TOMEHZETMEY.
Mwu NLLIEMUSACHI, 6accyrekiwinik KbICbIMHbIH,

KOFfapblfiaybl XOHE reMOAMHaMUKaHbIH, TYPaKCbI3Ablfbl
aHecTe3noNorTbiH 6acTbl Ha3apblHAa 6onazbl.

Herisri ce3sgep: >XaHcbizgaHabipy (aHecTesus),
baccyrekiwinik  aHeBpu3Manap, 3HA0BACKyNsAPbI
KasnbiHa KenTipy.

PE3IOME

AHECTe3V0N0TN UTPAOT UCKAOUNTENBHO BaXHYHO
poOnb B NeYeHUM BHYTpUUepenHbix aHeBpu3Mm (BA).
Llenbto  3HA0BACKY/NIAPHOrO  BOCCTAHOBJIEHMA BA
SBNAETCA OKKAHO3MSA MPUHOCALLMX apTEPUA, MUTALOLLMX
aHeBpM3MYy, WA o0bBAMTepaLuMs Mellka aHeBPU3MbI.
ObavTepaumsa MeLika aHeBpW3Mbl 6e3 MoBpeXXAeHus
NPUHOCALLLEA apTepUn MOXeT ObITb WCKAOYNTENBHO
CNOXHOW N MOXET MPWBECTU K pa3pbiBy aHEBPU3MbI
WA OKKJKO3UW  AUCTanbHOW apTepuun. AHecTesnosor
BCerja [Jo/keH ObITb  FOTOBbIM K OMWCaHHbIM
OCNOXHEHMAM. [laHHbIA 0630p BKpaTLe OnucbiBaeT
NPUHLMMbI @aHeCTe3nn A8 SHA0BACKYAAPHBIX NpoLeayp

TaK e, Kak COOTBETCTBYHOLLIME 3MUAEMUONOTUYECKUE,
natodusmonornyeckue, AmnarHoctnyeckme n
TepaneBTnyeckme ocobeHHocT. Liensamu aHectesnm ans
3HA0BACKYAAPHBIX NPOLeAyp, CBA3aHHbIX ¢ BA anstoTcs
noAjep>xaHune afleKBaTHbIX reMOAMHaMMNYeCcKmnx
nokasatenen M nsberaHme CHUXEHWA NepPy3MOHHOro
faBneHus Mosra. Mwemus  Mo3ra, MOBbILIEHHOE
BHyTpUYEpenHoe JaBieHne U reMoAvHamu4yeckas
HeCcTabUNbHOCTb SBAAKOTCS 3HAUMTEIbHLIM WHTEPECOM
417 aHecTe3noora.

KntoueBble cnoBa: aHecTesus, BHyTpUYepernHble
aHeBPUW3Mbl, SHAOBACKYNAPHOE BOCCTAHOBJ/IEHME.



