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a  b s  t r a  c t

Although most cerebral aneurysms are asymptomatic and discovered incidentally, their rup-

ture  often results in significant morbidity and mortality. The anesthesiologist may become

involved in surgical clipping of aneurysms either before aneurysm rupture or after subarach-

noid  hemorrhage. After subarachnoid hemorrhage, a multisystemic preoperative evaluation

is mandatory because both neurological complications (elevated intracranial pressure,

rebleeding, hydrocephalus, vasospasm) and non-neurological complications (respiratory

insufficiency, cardiac dysfunction, electrolyte abnormalities, endocrine disturbances) might

influence anesthetic management. Besides being prepared for potential sudden profuse

bleeding, the anesthesiologist caring for craniotomy for aneurysm clipping should follow

four  main principles. First, acute increase in the aneurysm transmural gradient (mean

arterial pressure minus intracranial pressure) should be avoided to prevent rupture or

rebleeding. Second, the cerebral perfusion pressure should be maintained with euvolemia

and vasopressors to avoid brain ischemia caused either by brain retractors or temporary

clipping of the feeding vessel. Third, surgical exposure should be optimized by providing

brain relaxation with normal cerebral oxygenation, normal ventilation or transient hyper-

ventilation, appropriate anesthetic choice, mannitol and perhaps lasix, and occasionally

cerebrospinal fluid drainage. Fourth, early emergence is favored to allow recognition of

potentially reversible complications. By being vigilant and achieving these goals, the  anes-

thesiologist will contribute to optimal patient outcomes. The following article provides

information to guide the anesthesiologist in optimal management of surgical clipping of

aneurysms.
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r  e s u m  e n

A  pesar de que la mayoría de los aneurismas cerebrales son asintomáticos y  se describen

incidentalmente, su  ruptura suele resultar en una morbilidad y mortalidad significativas Por

lo  tanto, el anestesiólogo pudiera intervenir realizando un clipaje quirúrgico del aneurisma,

bien sea de  manera electiva o  posterior a una hemorragia subaracnoidea. Luego de una

hemorragia subaracnoidea es indispensable hacer una evaluación preoperatoria sistémica

porque el  manejo anestésico puede verse afectado tanto por las complicaciones neurológi-

cas  (presión intracraneal elevada, repetición de  la hemorragia, hidrocefalia, vasoespasmo) y

complicaciones no neurológicas (insuficiencia respiratoria, disfunción cardíaca, anomalías

electrolíticas, alteraciones endocrinas). Además de estar preparado para una hemorragia

profusa súbita, el anestesiólogo a  cargo de  una craneotomía para clipaje de un aneurisma

debe adherirse a  cuatro principios fundamentales. Primero, debe evitarse el incremento

agudo en el gradiente transmural del aneurisma (presión arterial media menos la presión

intracraneal) para impedir una ruptura o recurrencia de hemorragia. Segundo, la presión

de  perfusión cerebral debe mantenerse con euvolemia y  vasopresores para  evitar isquemia

cerebral, bien sea con separadores cerebrales o clipaje temporal del vaso nutriente. Tercero,

debe optimizarse la exposición quirúrgica con relajación cerebral mediante oxigenación

y  ventilación cerebral normal, selección apropiada del anestésico, manitol y  tal vez lasix,

drenaje de líquido cefalorraquídeo o hiperventilación transitoria. Cuarto, se recomienda el

despertar temprano de la anestesia para reconocer precozmente las complicaciones poten-

cialmente reversibles. Siendo vigilantes y logrando estas metas, el  anestesiólogo contribuirá

al logro de  desenlaces óptimos para el paciente. El siguiente artículo ofrece información para

orientar al anestesiólogo para el óptimo manejo del clipaje quirúrgico de aneurismas.

© 2014 Sociedad Colombiana de Anestesiología y Reanimación. Publicado por Elsevier

España, S.L.U. Todos los derechos reservados.

Introduction

Cerebral aneurysms are acquired outpouchings of arteries

in the subarachnoid space. They frequently develop at vas-

cular bifurcations secondary to hemodynamic stress and

turbulent flow.1 Overall prevalence of unruptured aneurysms

is estimated to  be 3.2%. Prevalence is  higher in women

and in patients with polycystic kidney disease or a posi-

tive family history of intracranial aneurysms or  subarachnoid

hemorrhage.2 Multiple aneurysms are found in 20–30% of the

patients. Most cerebral aneurysms (80–85%) are located in the

anterior circulation and are more  prone to rupture when larger

than 7 mm.3–5 The incidence rate of aneurysmal subarachnoid

hemorrhage is approximately 10 per 100,000.3,6 Subarachnoid

hemorrhage is fatal in >25% of the  cases and >50% of the sur-

vivors have persistent neurological deficits. Early repair and

aggressive management of complications have contributed

to improved functional outcomes.3 The following article pro-

vides information to guide the anesthesiologist in optimal

management of surgical clipping of aneurysms.

Unruptured  aneurysms

The majority of unruptured aneurysms are asymptomatic and

therefore only discovered incidentally, often on investigation

for headache. However, some may present with cranial neu-

ropathy, visual loss, facial pain, motor weakness, headache,

seizures, or ischemic events related to emboli. Symptomatic

unruptured aneurysms are considered at higher risk of

rupture and referred for intervention.7,8 The management

of asymptomatic aneurysms remains controversial. Risk of

rupture needs to be balanced with risk of intervention accord-

ing to both the aneurysm characteristics (site, size, natural

history) and patient characteristics (age, comorbidities). The

preferred intervention, surgical clipping versus endovas-

cular treatment, is individualized according to aneurysm

characteristics and treatment team preferences.4,9–14

Ruptured  aneurysms

After aneurysmal rupture, arterial blood flows  freely into

the subarachnoid space spreading into cerebrospinal fluid.

Intracranial pressure suddenly reaches values equal to  arterial

pressure.1 This explains the characteristic sudden and intense

headache often described as “the worst headache of my  life”.

In those who do not survive, intracranial pressure remains

equal to or above arterial. Other manifestations include loss of

consciousness, seizures, stiff neck, photophobia, nausea and

vomiting, focal neurological deficits or cranial nerve palsies.1,3

It is estimated that up  to 40% of the  patients report a milder

sentinel headache before the overt subarachnoid hemorrhage,

which may represent a  warning leak.3 Many  grading scales

for subarachnoid hemorrhage have been proposed, but three

(Tables 1–3) are mainly used in  clinical practice.1,15–18
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Table 1 – Hunt and Hess Classification after SAH.

Categorya Criteria

Grade I  Asymptomatic, or minimal headache and

slight nuchal rigidity

Grade II  Moderate to severe headache, nuchal rigidity,

no neurological deficit other than cranial

nerve palsy

Grade III Drowsiness, confusion, or mild focal  deficit

Grade IV Stupor, moderate to severe hemiparesis,

possibly early decerebrate rigidity and

vegetative disturbances

Grade V Deep coma, decerebrate rigidity, moribund

appearance

a Serious systemic disease such as  hypertension, diabetes,

severe arteriosclerosis, chronic pulmonary disease, and severe

vasospasm seen on  arteriography, result in placement of  the

patient in the next less favorable category.

Source: Authors.

Table 2 – World  Federation of Neurosurgeons (WFNS)
Subarachnoid Hemorrhage Scale.

WFNS grade GCS  score Motor deficit

I  15  Absent

II 14–13  Absent

III 14–13  Present

IV 12–7 Present or absent

V 6–3 Present or absent

GCS: Glasgow Coma Scale.

Source: Authors.

Table 3 – Fisher Scale for grading SAH on admission CT
scan.

Grade CT Scan

1 No  blood visualized

2 A  diffuse deposition or thin layer with all  vertical

layers of blood (interhemispheric fissure, insular

cistern, ambient cistern) less than 1 mm thick

3 Localized clots and/or vertical layers of  blood

1 mm or greater in thickness

4 Diffuse  or  no  subarachnoid blood, but with

intracerebral or intraventricular clots

CT: Computed tomography.

Source: Authors.

Subarachnoid hemorrhage can be diagnosed with a  non-

contrast CT scan, but if nondiagnostic, a  lumbar puncture

is necessary.3 To establish an aneurysm as the etiology of

subarachnoid hemorrhage and plan treatment, angiography

is the gold standard. CT angiography and MRI angiography

are noninvasive valuable tools although less reliable for small

aneurysms.1,3,12

Aneurysmal subarachnoid hemorrhage is associated with

early and late complications, either neurological or non-

neurological, that may  greatly influence anesthetic manage-

ment (Table 4).1,19,20

Table 4 – Complications after SAH.

Neurological

complications

Non-neurological complications

Hydrocephalus Cardiac dysfunction

Intracranial

hypertension

Pulmonary dysfunction (neurogenic or

cardiac pulmonary edema, acute

respiratory distress syndrome)

Vasospasm and

delayed cerebral

ischemia

Electrolytes disturbances (hyponatremia,

hypomagnesemia, hypokalemia,

hypocalcemia)

Rebleeding Endocrine disturbances (hyperglycemia,

hypothalamopituitary dysfunction)

Seizures Fever (central or infectious)

Source: Authors.

Rebleeding

The incidence of rebleeding is  approximately 8% and is highest

in the first 72 h. Rebleeding is associated with high morbid-

ity  and mortality because clots and adhesions prevent free

spread of blood through the subarachnoid space resulting in

intracerebral bleeding.21,22 Consequently, early securing of the

aneurysm is  favored.19 Maintaining systolic blood pressure

<160 mmHg  is recommended although no clear safe threshold

has been established.3

Vasospasm

The vulnerable period for symptomatic vasospasm starts on

day 3  after subarachnoid hemorrhage, peaks at days 7–10

and ends at day 21.1,3 The pathogenesis involves the break-

down products of hemoglobin released around the Circle of

Willis.23 Vasospasm may lead to delayed cerebral ischemia

presenting as  a  change in the  level of consciousness or new

focal neurological deficits.3 Oral nimodipine reduces the  inci-

dence of poor outcomes secondary to vasospasm and should

be prescribed after subarachnoid hemorrhage.3,19,24 Phar-

macologically induced hypertension and enhanced inotropy,

instead of traditional triple H therapy (hypertension, hyper-

volemia and hemodilution), is now recognized as the first

line treatment. However, euvolemia should be maintained

and hypovolemia absolutely avoided.19 Neuroradiological

interventions may  be considered (balloon angioplasty and

intra-arterial vasodilator therapy), but the  effects may  only be

transient.3,25

Hydrocephalus

Obstructive hydrocephalus may  result from clots in the ven-

tricular system. Non-obstructive hydrocephalus occurs when

reabsorption of cerebrospinal fluid is prevented by blood in

the arachnoid granulations. External ventricular drainage of

cerebrospinal fluid may  be  needed acutely or chronically with

a  ventriculo-peritoneal shunt.3,26

Cardiac  dysfunction

Signs of cardiac dysfunction may  be  seen after sub-

arachnoid hemorrhage and are related to the severity of
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neurological injury.27–29 Moreover, recent studies have shown

an association between cardiac dysfunction and adverse

outcomes.30–32 The responsible mechanism is believed to be a

catecholamine surge leading to subendocardial necrosis.27,28

Electrocardiographic abnormalities (ST segment depression,

T wave  inversion, prolonged QT interval, U waves) have

been described in 25–90% of subarachnoid hemorrhages.23,32

However, new Q waves always indicate significant myocardial

injury. Elevation of troponins is seen in  20–40% of the patients

but mostly remains under the diagnostic threshold for

myocardial infarction.33 Elevation of brain natriuretic peptide

and left ventricular wall motion abnormalities have also

been described.27,34 Clinically significant arrhythmias, mostly

atrial fibrillation and flutter, occur in 4% of the patients.35

Hyponatremia

Two main causes of hyponatremia have been identified: cere-

bral salt wasting syndrome and syndrome of inappropriate

ADH secretion. Cerebral salt  wasting syndrome is distin-

guished by hypovolemia. Syndrome of inappropriate ADH

secretion is associated with euvolemia or slight hypervolemia.

Usual treatment of syndrome of inappropriate ADH secretion,

fluid restriction, is not recommended in subarachnoid hem-

orrhage. Separating the two clinically is difficult so that most

patients receive normal or 3% hypertonic saline. Fludrocorti-

sone and hydrocortisone are used less frequently.1,19,36

Anesthesia  management  for  craniotomy  for
aneurysm clipping

Preoperative  anesthetic  evaluation

The anesthesiologist should know the number, location, and

size of the aneurysms. Baseline vitals and preoperative neuro-

logical deficits should be documented. Not  only neurological,

but also non-neurological complications (Table 4) should be

sought along with current treatment. Patient or family should

be informed of the following anesthetic related risks: rare

but catastrophic aneurysm rupture or rebleeding, blood trans-

fusions, and postoperative intubation. Premedication with

either a benzodiazepine or an opioid may  be administered, but

caution is advised in patients with subarachnoid hemorrhage

and altered mental status.

Monitoring

Besides standard monitoring, urine catheter and temperature

probe are mandatory. At least two reliable large-bore (14–18

gauge) peripheral intravenous lines should be placed along

with an arterial line. A central venous line is generally not

necessary but may  be useful when peripheral access is poor

or when large amounts of vasopressors and large blood loss

are anticipated.

General  goals

Four principles guide anesthetic management:

(1) Minimize any change in the aneurysm transmural gradi-

ent.

(2) Maintain adequate cerebral perfusion pressure.

(3) Provide brain relaxation.

(4) Allow a  fast and smooth emergence.

The transmural gradient is the difference between

the pressure within the aneurysm (mean arterial pres-

sure) and the pressure outside the aneurysm (intracranial

pressure).1 Any sudden increase in  this gradient may lead

to rupture. Therefore, acute increase in blood pressure

should be avoided and promptly treated with fast acting

agents. The following are particularly vulnerable periods

because of possible hypertension: laryngoscopy, pinning, inci-

sion.

Cerebral perfusion pressure is the  difference between

mean arterial pressure and intracranial pressure. Adequate

cerebral perfusion pressure promotes brain oxygenation and

prevents ischemia. Preserving cerebral perfusion pressure is

especially important for brain recently injured because cere-

bral autoregulation may  be lost.1 Cerebral perfusion pressure

should be maintained with euvolemia and vasopressors such

as  phenylephrine or norepinephrine.

Brain relaxation facilitates surgical exposure and can min-

imize brain retraction. Brain relaxation is  usually achieved

with unobstructed cerebral venous return, adequate cerebral

perfusion pressure and oxygenation, and normal ventila-

tion. The following options can be used to further decrease

brain bulk. Volatile anesthetics above 1  minimum alveolar

concentration produce significant direct cerebral vasodi-

lation resulting in increased cerebral blood volume and

brain bulk. Nitrous oxide alone or in combination with a

volatile anesthetic has also been shown to increase cere-

bral blood flow.37 Propofol reduces cerebral blood volume

and may  be preferable over volatile anesthetics if intracra-

nial pressure is elevated.1 Accordingly, a  combined vapor

and propofol approach or even total intravenous anesthe-

sia may  be more  appropriate. Mannitol decreases brain

water content by generating an osmotic gradient through an

intact blood–brain barrier. Typically, a  dose of 0.5–1 g/kg is

given before dural opening. The effect of mannitol starts at

10–15 min, peaks at 30–45 min  and may  last for 2–4  h; larger

doses lasting longer. When used in an injured blood–brain

barrier, mannitol may  produce rebound edema with sec-

ondary intracranial hypertension. Mannitol should not be

used if serum osmolality is  already above 330 mOsm/L.

Furosemide alone (1 mg/kg) or  in  combination (5–20 mg) with

mannitol decreases intracranial pressure and brain bulk.

Combined therapy is more  effective than either of these

two  drugs alone but is  associated with even greater loss

of free water and electrolytes, possibly leading to hypov-

olemia and hypotension.1,23,38,39 Cerebrospinal fluid drainage

via lumbar drain or external ventricular drain may  be used

to improve operating condition. It should be used carefully

before dural opening to avoid acute elevation of the  aneurysm

transmural gradient and secondary aneurysm rupture. Tran-

sient mild hyperventilation may  be used cautiously because

of the potential for excessive reduction in  cerebral blood

flow. When surgical exposure is adequate, PaCO2 should

be  kept between 35 and 38  mmHg. Further lowering PaCO2
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improves intracranial compliance with little additional ben-

efits below 20–25 mmHg. PaCO2 should not be reduced below

25 mmHg.1,23

Early neurological assessment is essential to rule out com-

plications that may  need intervention. Delayed emergence

may be due to intraoperative medication, intracranial bleed-

ing, stroke, seizures or tension pneumocephalus. Coughing,

bucking, vomiting and hypertension should all be  avoided to

minimize brain edema. Patients should be admitted to the

intensive or high dependency care unit to allow careful mon-

itoring of neurological exam.

Neurophysiologic  monitoring

Although no randomized controlled trials have documented

improved outcomes with neurophysiologic monitoring for

surgical aneurysm clipping, it is widely used in many

institutions. Most commonly used modalities are electroen-

cephalography and evoked potentials (somatosensory evoked

potentials, motor evoked potentials, brainstem auditory

evoked potentials).1,23 Anesthetic agents should be selected

to facilitate reliable recordings. One of the key elements is

to keep anesthetic depth stable. Volatile anesthetics should

remain below 0.5 minimum alveolar concentration when

somatosensory evoked potentials and motor evoked poten-

tials are recorded. Muscle relaxants should be avoided after

induction when motor evoked potentials are monitored. How-

ever, it is mandatory to  maintain adequate anesthetic depth

to insure immobility. A propofol and opioid infusion should be

titrated appropriately. Change in  neurophysiologic recordings

should prompt the  surgical team to re-evaluate clip place-

ment and the anesthesiologist to ensure that blood pressure,

pharmacology and oxygenation are optimal.

Temporary  arterial  occlusion  and  brain  protection

For large aneurysms and those deemed at risk of intraoper-

ative rupture, surgeons may  use temporary occlusion of the

proximal artery to facilitate dissection and clipping. To mini-

mize the risk of focal brain ischemia, the period of occlusion

should be minimized by a  skilled surgeon. A  10 min  occlu-

sion seems to be safe while more  than 20 min  of occlusion

is associated with poor outcomes.40–42 Blood pressure should

be kept in the high normal range with pressors (phenylephrine

or norepinephrine) to maximize collateral flow. Although

many surgeons still request some type of pharmacologic brain

protection e.g. thiopental or propofol, there are no human

studies demonstrating a  benefit in neurosurgery.43,44 There

is no convincing evidence for benefit of mild intraopera-

tive hypothermia, but no clear evidence either for harm.45,46

Hyperthermia and hyperglycemia should be avoided.

Intraoperative  rupture

Good communication between the anesthetic and surgical

teams is crucial to  deal with this potential sudden compli-

cation. Blood pressure goal should be discussed. Although

temporary controlled hypotension may  allow surgical control

of the bleeding, it may  result in worse outcomes.47 How-

ever, adenosine induced transient circulatory arrest has been

reported as  a  safe option.48–50 If temporary occlusion is  used,

normal to  high blood pressure is  appropriate.1 The anesthesia

team should be prepared for massive transfusion.

Conclusion

Elective unruptured aneurysm clipping requires precise

physiologic goals and vigilance for potentially devastating

complications. Surgical clipping after subarachnoid hem-

orrhage adds consideration of a patient with possible

multisystemic effects requiring careful perioperative man-

agement. In both situations, the anesthesiologist can favor

an  excellent outcome by ensuring: no acute increase in the

aneurysm transmural gradient to avoid rupture or rebleeding,

adequate cerebral perfusion pressure to avoid brain ischemia,

reduced brain bulk for good surgical exposure, and finally,

rapid emergence allowing early neurological evaluation.
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