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8.1  Introduction

SAH is a rare disease explaining that the 
European Medicines Agency has given the status 
of orphan disease to SAH. Despite its relative rar-
ity, SAH is still a subject of considerable interest 
explaining an extensive literature on the subject. 
However, there is a paucity of large, prospective, 
randomized trials explaining a large variability of 
clinical practice throughout the world [1, 2]. As 
expected, a number of retrospective studies have 
shown decreased mortality and improved neuro-
logic outcome in high-volume centers compared 
to low-volume ones [3–5]. The definition of high 
volume is very variable in the literature. In the 
2012 American guidelines, high volume is 
defined above 35 aneurysmal SAH cases per 
year. However, in a recent study, a relatively sta-
ble mortality was obtained above 60 cases/year 
[4]. There may be multiple reasons to explain 
these findings as availability of interventional 
neuroradiologists for coiling; increased experi-
ence of neurosurgeons, radiologists, anesthesiol-
ogists, and intensivists; better availability of 
complex procedures as cerebral angioplasty; and 
dedicated neuro-intensive care units. Except coil-
ing and angioplasty, no magic treatment has 

appeared in the last 20 years. Nevertheless, there 
has been a clear trend toward a constant decrease 
in mortality and improved neurologic outcome in 
survivors. Despite increasing age of patients 
admitted for SAH, case-fatality rates have 
decreased by 17% between 1973 and 2002 [6]. In 
more recent years, mortality has still declined in 
the same proportion [7], but 90-day mortality 
remains around 30%, leaving room for further 
improvement [8, 9].

The main complication after SAH is cerebral 
ischemia that may have multiple causes. These 
causes may be divided between early and late 
cerebral ischemia (Fig. 8.1). Very early ischemia 
occurs in the first hours after aneurysm bleeding. 
It is due to intracranial hypertension, acute cere-
bral vasoconstriction, microvascular thrombosis, 
heart failure related to myocardial injury, or neu-
rogenic pulmonary edema. Delayed cerebral 
ischemia (DCI) develops several days after 
SAH.  DCI and cerebral infarction are the most 
important prognostic factors for neurologic out-
come [10]. DCI has been linked to cerebral vaso-
spasm. However, the absence of causal 
relationship between angiographic vasospasm 
and DCI in some studies and the absence of sig-
nificant improvement in clinical outcome with 
drugs that have a potent effect against vasospasm 
have raised other hypotheses to explain DCI [11]. 
These hypotheses are cerebral vasoconstriction 
and thrombosis, cortical spreading ischemia, 
cerebral inflammation, and blood-brain barrier 
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disruption [12]. This chapter will focus on early 
management of SAH for anesthesia for neurosur-
gical clipping or endovascular embolization.

8.2  Preoperative Assessment

8.2.1  Central Nervous System (CNS)

The severity of CNS injury is the main predictor of 
long-term outcome. Several clinical scales have 
been used. The World Federation of Neurological 
Surgeons (WFNS) grading scale, based on the 
Glasgow coma score scale, is widely used 
(Table 8.1). The amount of blood in the subarach-
noid space or in the ventricles has also been asso-
ciated with the risk of DCI. Several scores have 
been published, the most popular being the modi-
fied Fisher scale (Table 8.2) [13]. Several scores 
associating clinical, radiological, or biological 
variables are able to predict mortality or neuro-
logic outcome after SAH. For example, the HAIR 
score combining Hunt and Hess score, age, intra-
ventricular hemorrhage, and rebleeding was 
strongly associated with in-hospital mortality [14]. 
The ABC score, which integrated the Glasgow 
coma score, troponin I, and protein S100beta at 
admission, predicted 1-year mortality [15].

Among several causes of impaired conscious-
ness due to SAH, increased intracranial pressure 
(ICP) is the most relevant one for the anesthetist. 

At the onset of SAH, loss of consciousness occurs 
in 40% of patients [16]. It is related to the abrupt 
bleeding into the subarachnoid space, increasing 
intracranial volume and ICP.  In hospitalized 
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Fig. 8.1 Causes of cerebral ischemia after SAH depending on time after aneurysm rupture

Table 8.1 Grades of the World Federation of 
Neurological Surgeons (WFNS) and relation to mortality

Grade
Glasgow coma 
scale score Motor deficit Mortality

1 15 Absent 1–5
2 13–14 Absent 5–10
3 13–14 Present 5–10
4 7–12 Present or 

absent
20–30

5 3–6 Present or 
absent

30–50

Table 8.2 Modified Fisher scale with an estimation of 
the associated risks of delayed cerebral ischemia (DCI) 
and new infarct on CT scan (unrelated to initial bleeding 
or aneurysm securing procedure)

Grade Description DCI %
New infarct 
on CT %

0 No SAH or IVH 0 0
1 Thin SAH, no IVH in 

lateral ventricles
12 6

2 Thin SAH, IVH in both 
lateral ventricles

21 14

3 Thick SAH, no IVH in 
lateral ventricles

19 12

4 Thick SAH, IVH in 
both lateral ventricles

40 28

Data from [13]
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patients, rebleeding may be associated with a 
sudden and large increase in ICP, resulting in a 
severe reduction in cerebral perfusion pressure 
(CPP) and thus explaining loss of consciousness 
(Fig. 8.2). As such, assessment of ICP and CPP 
and control of increased ICP before the aneurysm 
securing procedure are critical to maintain cere-
bral homeostasis and prevent cerebral ischemia. 
Severe intracranial hypertension can be excluded 
in WFNS 1–2 grades. WFNS 4–5 patients are at 
highest risk of intracranial hypertension and 
reduced CPP.  Except in the most severe cases 
with clinical signs of brain herniation (unilateral 
or bilateral mydriasis), clinical examination 
 cannot help to evaluate the level of ICP or 
CPP. The amount of blood in the lateral ventricles 
(more than 50% of each ventricle filled with 
blood) and the amount of blood in the subarach-
noid space are an indication of increased ICP [17, 
18]. Transcranial Doppler (TCD) is probably the 

most convenient and easy to use monitoring 
device at the bedside to give a qualitative nonin-
vasive access to the cerebral circulation. The 
decrease in diastolic flow velocity is associated 
with the decrease in CPP.  When ICP increases 
toward arterial diastolic pressure, diastolic flow 
velocity progressively disappears. Zero-diastolic 
velocity is a critical value indicating that any fur-
ther decrements of CPP are associated with rapid 
CBF decrease and cerebral ischemia (Fig.  8.3) 
[19]. In addition, bilateral failure of cerebral 
autoregulation with TCD has been associated 
with DCI and unfavorable outcome [20].

8.2.2  Cardiovascular System

Cardiovascular consequences of SAH had first 
been described long ago [21]. ECG changes may 
mimic coronary artery ischemia, but studies on 
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Fig. 8.2 Trends in mean arterial pressure (MAP), intra-
cranial pressure (ICP), and cerebral perfusion pressure 
(CPP) in a patient in the intensive care unit after subarach-
noid hemorrhage. A ventricular drain was placed in order 
to monitor ICP and treat hydrocephalus. Soon after 
0:30 am, the patient suffered a severe headache immedi-
ately followed by a rapid decrease in consciousness requir-

ing tracheal intubation. The ICP increased to 120 mm Hg 
and CPP below 10 mm Hg. Immediate ventricular drain-
age allowed a return toward normal ICP values in approxi-
mately 10 min. The aneurysm was treated by endovascular 
coiling, and the patient recovered without any neurologic 
impairment. The EKG trace shows severe bradycardia at 
the time of rebleeding (Cushing’s response)
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the coronary circulation ruled out this hypothesis. 
Arrhythmias are frequent, affecting 35% of 
patients with life-threatening arrhythmias in 
5–8% [22]. Biomarkers of myocardial injury like 
troponin are frequently elevated and are associ-
ated with myocardial dysfunction and outcome.

Echocardiography frequently reveals regional 
wall motion abnormalities (8–28% of patients), 
diastolic dysfunction, or global hypokinesia [23]. 
The most severe clinical presentation of myocar-
dial injury is Takotsubo cardiomyopathy. It is 
associated with a critical decrease in cardiac out-
put and has to be diagnosed as soon as possible 
because any attempt to increase blood pressure 
with vasopressors would further decrease cardiac 
output and CBF. This acute ventricular dysfunc-
tion associated with SAH is generally reversible 
within 2 or 3 days after admission.

8.2.3  Respiratory System

Pulmonary complications are frequent after SAH 
and contribute significantly to mortality [22]. As 
myocardial dysfunction, the incidence of pulmo-
nary complications is related to the clinical grade. 
Pneumonia occurs in approximately 20% of 
patients and pulmonary edema in 8–28% of 
cases. The prevalence of ARDS in retrospective 
studies is reported to be 4–18% [23]. Neurogenic 
pulmonary edema (NPE) is less frequent, but the 
true incidence is difficult to assess because pul-
monary edema may be due to heart failure or 
excessive fluid loading. NPE usually improves 
within a few days after SAH, but it may be a real 

problem for anesthetic management. The balance 
between the risk of surgery in patients with NPE 
and the risk of rebleeding if surgery is postponed 
needs a case-by-case discussion.

8.2.4  Other Medical Complications 
of SAH

Hypernatremia and hyponatremia are common 
after SAH.  Hyponatremia is the most common 
electrolyte imbalance and usually develops a few 
days after the hemorrhage with the onset of vaso-
spasm. The mechanisms of hyponatremia are 
cerebral salt wasting (CSW) and the syndrome of 
inappropriate secretion of antidiuretic hormone 
(SIADH). CSW is more frequent leading to 
excessive urine excretion of sodium. Hence, 
CSW is associated with volume contraction. In 
this case, patients should be given fluids before 
induction of anesthesia to avoid hypotension. 
Conversely, SIADH is associated with free water 
retention and normal or expanded intravascular 
volume. Hyponatremia may be treated by the 
infusion of hypertonic saline solution with fre-
quent monitoring of blood sodium. Some studies 
have used fludrocortisone or hydrocortisone to 
treat hyponatremia, but the benefit of these treat-
ments is unclear [24].

Hyperglycemia is common after SAH and has 
been associated with poor clinical outcome. The 
increased glucose level is due to the activation of 
the sympathetic system and the hypothalamic- 
pituitary- adrenal axis giving rise to an increase in 
the level of stress hormones (catecholamine, 
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Fig. 8.3 Transcranial Doppler recordings in several 
patients with decreasing values of cerebral perfusion pres-
sure. The decrease in diastolic blood flow is easily recog-

nized at low CPP values. A diastolic velocity below 
20  cm/s is usually associated with impaired CPP 
(<60 mm Hg)
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 cortisol, and growth hormone). The release of pro- 
inflammatory cytokines further increases the stress 
response and promotes insulin resistance. Patients 
with hyperglycemia have approximately a three-
fold increased risk of poor outcome [25]. Some 
studies have shown a benefit of glycemic control 
on neurologic outcome or a decrease in the rate of 
infection [26, 27]. However, overly strict glycemic 
control may lead to brain hypoglycemia and meta-
bolic crisis, even when serum glucose decreases to 
levels within the normal range [28, 29].

8.3  Timing of Aneurysm 
Treatment and Rebleeding

Preoperative rebleeding is an independent predic-
tor of unfavorable outcome [30]. In recent stud-
ies, reported rates of rebleeding were between 
6% and 17% [9, 31, 32]. Most rebleeding occur in 
the first 24 h, mainly in the first 6 h after hospital 
admission. In one study, the peak time of rebleed-
ing was within 2  h [31]. The risk factors for 
rebleeding are a high clinical grade, a high modi-
fied Fisher grade, high systolic blood pressure, 
and external ventricular drainage. Modifiable risk 
factors include a tight control of blood pressure, 
provided that CPP is maintained, and emergency 
treatment of the aneurysm. Retrospective studies 
show that emergency treatment of the aneurysm 
reduces the risk of in- hospital rebleeding and 
improves clinical outcome [9, 33]. Poor-grade 
patients also deserve an early treatment despite a 
high mortality rate because a favorable clinical 
outcome may be obtained in approximately one-
third of patients [34, 35]. However, the aneurysm 
securing procedure requires the presence of a 
highly specialized team that may not be available 
24/7. Each center has to weigh the benefit of an 
early procedure with the emergency team versus 
waiting a few hours to perform the procedure in a 
better environment. In all instances, waiting for 
more than 24 h to secure the aneurysm does not 
seem reasonable. For the anesthetist, hemody-
namic control is a main goal to prevent rebleed-
ing. In the past, induced hypotension has been 
used. However, even short periods of induced 
 hypotension have been related to an increased 

risk of neurologic deficits [36, 37]. In WFNS 1–2 
patients, a systolic blood pressure < 140 mm Hg 
may be recommended before securing the aneu-
rysm, although it does not eliminate the risk of 
early rebleeding. In WFNS 3–5 patients, the man-
agement of blood pressure is more difficult 
because the level of ICP is difficult to predict. 
After external ventricular drainage, ICP monitor-
ing allows to determine the best arterial pressure 
range. A CPP > 60 mm Hg is probably reasonable 
to limit the risk of cerebral ischemia. Without 
ICP monitoring, transcranial Doppler may help 
the management of blood pressure. A low dia-
stolic velocity and high pulsatility index are an 
indication of impaired cerebral blood flow. 
Treatments to decrease ICP or increase blood 
pressure have to be considered. In contrast, sys-
tolic hypertension with normal TCD recordings 
indicates that reduction of blood pressure is prob-
ably safe.

8.4  Anesthetic Management

Emergency anesthesia is necessary in all cases to 
secure the aneurysm and prevent rebleeding 
either by the endovascular approach or for surgi-
cal clipping of the ruptured aneurysm. There are 
general principles that apply to both procedures 
and specificities to each approach. The main 
determinant of anesthetic management is preop-
erative patient status. Patients in good clinical 
grades (WFNS 1–2) do not have intracranial 
hypertension and are usually free of significant 
hemodynamic, respiratory, or metabolic compli-
cations. In this case the priority is to prevent 
aneurysm rerupture through adequate hemody-
namic control, especially during painful proce-
dures (laryngoscopy and intubation, craniotomy). 
For surgery, anesthetic management should fol-
low the general principles of anesthesia for 
 intracranial surgery (maintain cerebral homeosta-
sis, brain relaxation to improve the quality of sur-
gical exposure, early emergence allowing early 
neurologic examination). Patients in bad clinical 
grades (WFNS 3–5) are more difficult to manage 
due to intracranial hypertension and concurrent 
major medical complications.
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8.4.1  General Principles 
of Anesthesia for Surgery  
or Interventional 
Neuroradiology After SAH

8.4.1.1  Monitoring

Hemodynamic Monitoring
Invasive blood pressure monitoring is mandatory 
in order to obtain hemodynamic stability, prefer-
ably before induction of anesthesia and laryngos-
copy. Central venous catheterization is useful in 
most patients undergoing surgery. It allows cen-
tral venous pressure monitoring in order to detect 
preexisting hypovolemia or hypovolemia induced 
by mannitol or hemorrhage during aneurysm rup-
ture. Ultrasound-guided central venous catheter 
insertion is strongly recommended because 
carotid artery puncture needing manual compres-
sion would be particularly deleterious in patients 
with impaired CBF. Myocardial dysfunction and 
hemodynamic instability may need a continuous 
infusion of catecholamine. A pulmonary artery 
catheter is seldom used now to monitor cardiac 
output. Another option is to use transpulmonary 
thermodilution allowing monitoring of cardiac 
output and preload. In bad-grade SAH patients, 
bedside transpulmonary thermodilution monitor-
ing decreases the consequences of delayed cere-
bral ischemia, reduces the incidence of pulmonary 
edema, and improves clinical outcome [38, 39].

Monitoring of Brain Function
ICP monitoring is easy to perform in all patients 
with intraventricular drainage. This is particu-
larly useful in grade IV–V patients who often 
have intracranial hypertension. In surgical 
patients, ICP and CPP may be monitored from 
induction of anesthesia until dura-mater opening. 
Afterwards, cerebrospinal fluid (CSF) drainage 
improves brain relaxation. In patients treated by 
the endovascular approach, ventricular drainage 
allows monitoring of ICP and CPP throughout 
the procedure. In case of aneurysm rupture, cere-
brospinal fluid drainage is the best method to rap-
idly decrease ICP and restore CPP (Fig. 8.2).

Monitoring brain oxygenation would certainly 
be useful. Cerebral venous oxygen saturation 

(SjvO2) reflects the balance between cerebral 
metabolic supply and demand. It is obtained by 
the placement of a catheter in the jugular bulb 
through retrograde jugular vein catheterization. 
Matta and colleagues found this monitoring use-
ful for intracranial surgery in general and for 
aneurysm surgery in more than half of their 
patients [40]. An acute decrease in SjvO2 may be 
a sign of aneurysm rupture. However, frequent 
SjvO2 changes occur without obvious causes, 
most often leading to an increased SjvO2 [41]. 
Near-infrared spectroscopy (NIRS) allows con-
tinuous monitoring of brain regional oxygen sat-
uration. However, this monitoring is not reliable 
enough to guide therapeutic management in the 
operating room during neurosurgery. Extracranial 
contamination of the signal may lead to spurious 
changes in NIRS values especially during vaso-
pressor treatment [42].

Other Monitoring
Standard monitoring includes ECG monitoring, 
pulse oximetry, end-tidal capnography, monitor-
ing of neuromuscular blockade, and temperature 
monitoring. In addition, a urinary catheter and at 
least one 14- or 16-gauge peripheral catheter 
should be inserted. Blood glucose monitoring is 
useful because hyperglycemia has been associ-
ated with cerebral ischemia and poor outcome 
after SAH [25]. Tight blood glucose control with 
intensive insulin therapy is potentially dangerous 
by increasing the risk of hypoglycemia. The opti-
mal blood glucose level is still unknown, and the 
objective to maintain it below 10 mmol/L (2 g/L) 
seems reasonable.

8.4.1.2  Management of Increased ICP
With hemodynamic control, reduction of 
increased ICP is a major goal of anesthetic 
 management. There are several methods to 
reduce ICP or improve brain relaxation during 
surgery. CSF drainage is the most effective treat-
ment. However, excessive drainage should be 
avoided because it has been associated with a risk 
of aneurysm rupture. Osmotic agents are another 
option to reduce ICP by reducing brain water 
content. Typically, 0.5–1  g/kg mannitol (150–
400 mL 20% mannitol) infused over 20 min once 
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or twice before surgery has a rapid onset of 
action, with a peak effect after 30–45 min, lasting 
for 2–3 h. Hypertonic saline is an alternative to 
mannitol. Equiosmolar doses of hypertonic saline 
and mannitol have similar effects on brain relax-
ation and brain metabolism [43]. Urinary losses 
due to mannitol have to be replaced with normal 
saline to prevent hypovolemia. Hyperventilation 
and hypocapnia reduce cerebral brain volume 
and ICP and improve operating conditions during 
craniotomy [44]. However, this effect is related to 
cerebral vasoconstriction and may lead to cere-
bral ischemia depending on the balance between 
improved CPP and constriction of cerebral blood 
vessels. It should be used for only short periods 
of time. It may be particularly useful during sur-
gery to limit brain bulk and provide better opera-
tive conditions. Intravenous anesthetics reduce 
brain metabolism, CBF, cerebral blood volume, 
and ICP if flow-metabolism coupling is main-
tained. Inhaled anesthetics are cerebral vasodila-
tors and may increase ICP. Thus, in patients with 
intracranial hypertension, total intravenous anes-
thesia is a better option.

8.4.1.3  Induction of Anesthesia
The objectives of the induction period are to 
avoid both hypotension giving rise to cerebral 
ischemia and hypertension increasing the risk of 
aneurysm rerupture. Propofol and thiopental 
with sufentanil or remifentanil are the mostly 
used agents. Etomidate (0.2–0.3 mg/kg) may be 
an interesting alternative in patients with 
depressed myocardial function because this 
agent is associated with minimal hemodynamic 
effects. Remifentanil is very effective to blunt 
the hemodynamic response to laryngoscopy or 
pin head- holder application. Bolus infusion is 
associated with a significant risk of bradycardia 
and hypotension. Using a target-controlled infu-
sion system, the concentration of remifentanil to 
blunt the hemodynamic response to noxious 
stimuli is usually between 4 and 6 μg/L. The con-
centration has to be decreased rapidly upon ces-
sation of the painful stimulus to avoid 
hypotension. A continuous infusion of remifent-
anil is particularly useful when a difficult airway 
is anticipated because it allows long-lasting 

laryngoscopy with hemodynamic stability. If 
low-doses of sufentanil are used during induc-
tion of anesthesia, esmolol (1 mg/kg) can be used 
to blunt the hemodynamic response to laryngos-
copy in patients without myocardial injury. 
Cisatracurium, vecuronium, and rocuronium can 
be used for muscle relaxation, but atracurium 
may be hypotensive.

In patients with a full stomach, the priority is 
to prevent tracheal aspiration and at the same 
time prevent the hypertensive response to tra-
cheal intubation. Propofol or thiopental with suc-
cinylcholine (1.5 mg/kg) or rocuronium (1.2 mg/
kg) may be used. In patients with preserved myo-
cardial function, we use either a small bolus of 
remifentanil (0.25–0.5 μg/kg) or esmolol (1 mg/
kg) before intubation.

8.4.1.4  Maintenance of Anesthesia
Depending on the preoperative neurological con-
dition, either total intravenous anesthesia with 
propofol and remifentanil or sevoflurane with 
remifentanil or sufentanil can be used. 
Sevoflurane is a better choice than isoflurane 
because it is associated with faster recovery, 
especially after long-lasting procedures. 
Desflurane may be used but is a more potent cere-
bral vasodilator than sevoflurane [45, 46]. Nitrous 
oxide is a cerebral vasodilator and may increase 
ICP.  In one study, nitrous oxide was associated 
with a greater risk of delayed ischemic neuro-
logic deficits [47]. Thus, a mixture of air/oxygen 
is most often preferred either during inhalation or 
intravenous anesthesia. If sufentanil is used dur-
ing anesthesia, total doses should be less than 
2 μg/kg in order to allow rapid awakening and 
neurologic assessment. After a continuous propo-
fol infusion, the dose or the target concentration 
has to be reduced toward the end of surgery 
(wound closure) to avoid accumulation of the 
drug leading to delayed recovery. Hypertension 
and tachycardia related to light anesthesia may be 
controlled by low-dose esmolol (0.5  mg/kg) or 
labetalol (5–15 mg).

Movement or coughing should not occur dur-
ing neurosurgery or interventional neuroradiol-
ogy. Continuous neuromuscular blockade with 
monitoring is the best option to prevent  
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movement. High-dose remifentanil may also be 
used at the expense of systemic hypotension [48].

A lung-protective ventilation strategy with 
low tidal volume (6–8 mL/kg) and positive end- 
expiratory pressure (PEEP) has been demon-
strated to improve clinical outcome and reduce 
lung complication after anesthesia [49, 50]. 
However, neurosurgical patients were systemati-
cally excluded from the studies on lung- protective 
ventilation because recruitment maneuvers or 
high levels of PEEP may have deleterious effects 
on the brain. The application of low tidal volume 
is not a problem during neurosurgery because the 
respiratory rate can be increased to decrease 
PaCO2. But low tidal volume without PEEP gives 
rise to atelectasis, especially when it is sustained 
for a few hours. High levels of PEEP and recruit-
ment maneuvers have not shown beneficial 
effects compared to lower PEEP levels and no 
recruitment maneuvers [51, 52]. In addition, 
changes in the level of PEEP that result in an 
increase in driving pressure (plateau pressure—
PEEP) are associated with more postoperative 
complications [53]. In neurosurgical patients, 
increasing PEEP was not associated with a sub-
stantial increase in ICP or decrease in CBF when 
blood pressure was maintained [54, 55]. In the 
operating room, low levels of PEEP (5–8  cm 
H2O) associated with low tidal volume and no 
recruitment maneuver seem to be the best option 
for intraoperative ventilation in neurosurgery. 
Higher level of PEEP may be needed in patients 
with neurogenic pulmonary edema needing to 
find a compromise between oxygenation, delete-
rious hemodynamic effects of PEEP, and ICP.

8.5  Anesthesia for Neurosurgical 
Clipping

Specific objectives of anesthesia for ruptured 
intracranial aneurysms are to obtain an optimal 
state of brain relaxation to facilitate brain dissec-
tion, protect the brain from ischemia, and be pre-
pared to manage aneurysm rupture. The methods 
to obtain brain relaxation are similar to those 
used to decrease ICP before skull opening. 
During surgery, positioning has a major impact 

on brain tension. A 10° reverse Trendelenburg 
position lowers ICP with minimal effects on 
blood pressure [56]. The head is usually turned 
laterally, and care must be taken to avoid jugular 
vein compression. Hyperflexion or hyperexten-
sion of the head also impairs cerebral venous 
return. In patients who do not have external ven-
tricular drainage, lumbar CSF drainage is a good 
option to obtain brain relaxation. Care should be 
taken to minimize CSF loss during insertion of 
the drain and to close the drainage system until 
dura-mater opening because an abrupt decrease 
in ICP may lead to aneurysm rupture. A volume 
of 100–150 mL of CSF can usually be removed 
until the surgeon is able to clip the aneurysm.

Prevention of hemodynamic response to pain-
ful stimuli is important both to limit ICP increases 
and maintain hemodynamic stability. Pin head- 
holder application and surgical incision are two 
critical times. A small bolus of remifentanil 
(0.5–1 μg/kg) or an increase in target blood con-
centration to 6.5 μg/L (EC90 to blunt cardiovas-
cular responses to head fixation) [57] is effective. 
Other methods are injection of a bolus of esmolol 
(1  mg/kg) or local anesthetic infiltration of the 
pin site [58]. Brain dissection is painless, and the 
depth of anesthesia and analgesia is usually 
decreased to avoid hypotension. In this case, 
close monitoring of neuromuscular blockade is 
mandatory.

8.5.1  Anesthesia Management 
During Temporary Clipping 
of the Parent Vessel

Temporary clipping of the aneurysm parent vessel 
has become standard practice and is used in more 
than 50% of patients. The safety of this procedure 
has been demonstrated for short-lasting clipping 
times and was not associated with an increase 
incidence of DCI [59]. The duration of safe tem-
porary clipping is very variable. Retrospective 
studies have shown that an occlusion less than 
10 min long was safe [60, 61]. Temporary clip-
ping lasting more than 20  min and multiple  
clipping episodes were significantly associated 
with cerebral ischemia [61]. An increase in blood  
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pressure to improve collateral brain blood flow 
during temporary clipping is recommended 
although the evidence to support it is scarce [62]. 
Thiopental-, etomidate-, or propofol- induced 
burst suppression in order to provide brain protec-
tion has been used. Some retrospective data sug-
gested a decrease in postoperative brain infarction 
rates, especially for clipping duration above 
10 min [60]. Hypothermia for intraoperative neu-
roprotection has been tested in the IHAST trial, a 
prospective randomized trial including 1001 
patients [63]. Intraoperative hypothermia did not 
improve the neurologic outcome. A post hoc anal-
ysis of this trial did not show any effect of drugs 
used for neuroprotection on long-term clinical 
outcome [64].

Optimization of clip placement is essential for 
good long-term results. Microvascular Doppler 
ultrasonography has been used to assess the qual-
ity of the surgical procedure. One study demon-
strated ongoing flow in the aneurysm in 12% of 
patients and occlusion of an adjacent vessel in 
28% of cases [65]. Doppler was found to be more 
convenient and as effective as intraoperative 
angiography. Indocyanine green video angiogra-
phy is a convenient method to confirm aneurysm 
occlusion and assess the cerebral circulation in 
the operative field [66]. However, it does not 
seem to be 100% reliable compared to conven-
tional angiography [67]. Adenosine-induced car-
diac arrest has been used as an alternative to limit 
the necessity of temporary clipping with good 
results [68].

8.5.2  Management 
of Intraoperative Rupture

Intraoperative rupture is a relatively frequent 
event. It occurred in 13% of cases in an interna-
tional multicenter study published in 1990 [69]. 
More recently, an intraoperative rupture rate 
between 10.7 and 18% has been reported during 
surgery after SAH [70, 71]. Large aneurysms, 
clinical grade, anatomic location on the postero-
inferior cerebellar artery, and the anterior or pos-
terior communicating arteries have been 
associated with an increased risk of rupture. 

Intraoperative rupture is associated with a bad 
clinical outcome [70]. However, the difficulty to 
manage aneurysm bleeding is related to the tim-
ing of rupture during the surgical procedure. 
When the rupture occurs early during cerebral 
dissection, the time needed to gain access to the 
aneurysm and stop bleeding may be long and 
associated with significant blood losses, hypoten-
sion, and brain damage. In contrast, rupture dur-
ing manipulation of the aneurysm is easily 
controlled by temporary clipping followed by 
aneurysm clipping with little consequences.

Aneurysm rupture with significant hemor-
rhage obscures the operative field under the 
microscope, making surgery impossible. Thus, 
the priority is to stop or minimize the hemor-
rhage. If possible, this is best achieved with tem-
porary clipping [72] because even short periods 
of hypotension have been associated with poor 
outcome [36, 37]. Hypotension may be used as a 
rescue treatment to allow surgery. The adequate 
blood pressure level is the highest value provid-
ing an acceptable view in the operating field. 
Isotonic crystalloid solutions are the first choice 
to replace blood losses. Perioperative autologous 
blood transfusion may be used if prepared from 
the beginning of the procedure. Homologous 
transfusion is seldom necessary, but blood and 
plasma must be available rapidly in the case of 
major bleeding.

8.6  Anesthesia for Endovascular 
Treatment

In most centers, intracranial aneurysms are now 
frequently treated by the endovascular than the 
surgical approach. A large trial (ISAT trial), com-
paring endovascular coiling or surgical clipping 
of the aneurysm, concluded to a better outcome 
with the endovascular approach [73]. The relative 
risk reduction in dependency or death with the 
endovascular treatment was 22.6% in 2143 
patients. This study was criticized because it 
included mostly patients with anterior cerebral 
artery aneurysms. However, it demonstrated that 
endovascular treatment may be considered a 
valid alternative to surgery.
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8.6.1  Specific Objectives 
of Anesthesia 
for Interventional 
Neuroradiology (INR)

 – Immobility

The placement of superselective intravascular 
catheters has to be very accurate. This is achieved 
by using “roadmapping.” Even slight movement 
of the head can markedly degrade the image. In 
addition, forceful movement of the head (e.g., 
coughing) when a microcatheter is in situ may 
cause arterial dissection and thrombosis.

 – Prevention of hypothermia

The environment in the INR suite is cold and 
large volume of contrast media may be used. The 
risk of hypothermia remains high. There is lim-
ited access to the patient to allow efficient warm-
ing during the procedure. It is suggested that 
preoperative surface warming be used to prevent 
hypothermia.

 – Avoid patient injury

It is very imperative to secure the head and 
arms because the radiology table is often moved 
which may result in patient injury. The tracheal 
tube must be secured properly and any conflict 
with the radiology machine should be prevented.

 – Radiation safety

Exposure by the anesthesia team to radiation 
hazards should be avoided as much as possible. A 
remote anesthesia monitor in the radiation safe 
area is useful.

8.6.2  Problems Associated 
with Anesthesia Outside 
the Operating Room

The problems associated with remote anesthesia 
location should not be underestimated. The anes-
thesia equipment should be checked regularly 

and before each anesthesia because another one 
(monitoring, ventilator, gas supply, etc.) may not 
be available rapidly in case of failure. Some spe-
cific features may compromise patients’ security. 
For example, the access to the patient in INR 
facilities is limited due to bulky equipment. The 
personnel are often less familiar with anesthesia 
than the one working in the operating room. In 
emergency situations, it may be difficult to obtain 
valuable help. At any time, help must be speedily 
and effortlessly available. The INR location 
should be close to other remote anesthesia loca-
tions (vascular interventional radiology, endos-
copy, interventional cardiology, etc.) in order to 
improve anesthetic organization and safety.

8.6.3  Morbidity and Mortality 
of INR

The range of morbidity in INR procedures is 
between 10% and 20% and mortality between 
1% and 4% [74–76]. The two main complica-
tions are cerebral hemorrhage and cerebral artery 
thrombosis.

8.6.4  Cerebral Hemorrhage

In a meta-analysis in 2002, the risk of intraproce-
dural aneurysm perforation was 4.1% for the 
endovascular treatment of ruptured aneurysms 
[77]. The combined risk of permanent neurologic 
disability and death associated with this compli-
cation was 38%, a figure comparable to the 63% 
rate of periprocedural death or disability in a 
more recent study [70]. In the CLARITY study in 
2010, including 782 patients, the intraprocedural 
rupture rate was 4.3% [78]. Aneurysm rupture 
was more frequent in MCA aneurysms and in 
patients younger than 65  years. There was no 
death related to rupture, and the morbidity was 
very low (0.6%), suggesting that management of 
aneurysm bleeding during endovascular treat-
ment has been much improved in recent years. 
Rupture of aneurysm usually occurs when the 
patient is fully anticoagulated, needing to be pre-
pared for managing the complication in order to 

N. Bruder et al.



125

stop bleeding as soon as possible. In an anesthe-
tized patient, the signs of SAH due to aneurysm 
rupture are those due to intracranial hypertension. 
The early signs of rupture are severe hyperten-
sion and bradycardia (Fig. 8.2). This should not 
be interpreted as light anesthetic depth. 
Communication with the neuroradiologist is 
essential because injection of contrast media is 
necessary to confirm the diagnosis and take 
appropriate therapeutic measures (Fig. 8.4). The 
management of aneurysm bleeding is summa-
rized in Table  8.3. Heparin should be immedi-
ately reversed with protamine. Antihypertensive 
agents compromise cerebral perfusion and should 
not be given. During severe hypertension, thio-
pental is the only possible agent to lower blood 
pressure because it is frequently associated with a 
parallel decrease in intracranial pressure and may 
afford cerebral protection. A treatment for raised 
intracranial pressure is indicated. Increasing the 
inspired oxygen fraction improves brain oxygen 
content. It is relatively innocuous and may afford 
some cerebral protection. After the procedure has 
been completed, a CT scan is needed to assess the 
extent of intracranial bleeding and discuss the 
indication of ventricular drainage. The neurosur-
gical team should be informed of the complica-
tion, and the anesthesia team should be prepared 
to go to the operating room if needed.

8.6.5  Cerebral Artery Thrombosis

8.6.5.1  Risk of Thrombosis
The most frequent severe complications of INR 
are the thrombotic complications. The risk of 
thrombosis is related to vessel wall damage, 
thrombogenicity of contrast material, guidewires, 
microcatheters, vascular coils, and stents. In a 
review on 1547 patients, the immediate and 
delayed thromboembolic risk after coil emboliza-
tion of aneurysm was 8.2% [79]. The risk is high 
in the first 48 h, and then it decreases rapidly. In 
the CLARITY study, the incidence of thrombo-
embolic events was 12.5% [78]. A higher rate 
was observed in smokers, in aneurysms larger 
than 10 mm or with a large neck. Thromboembolic 
events lead to permanent neurologic deficit or 
death in 3.8% of patients. The risk of thrombosis 
is particularly high with stents, needing treatment 
with an antiplatelet agent before the procedure, 
which is rarely possible after SAH.

8.6.5.2  Prevention of Cerebral Artery 
Thrombosis

Considering the risk of thrombosis, intravenous 
heparin is mandatory during the procedure. After 
a baseline activated clotting time (ACT) is 
obtained, 50–70  units/kg is given to obtain an 
ACT of 2–3 times the baseline value. ACT should 

Fig. 8.4 Intraoperative rupture of an aneurysm just 
before coil embolization. The extravasation of contrast 
media outside the aneurysm (arrow) allows the diagnosis 
of aneurysm rupture

Table 8.3 Management of intracranial bleeding due to 
aneurysm rupture during coil embolization

Stop bleeding
Control intracranial 
hypertension

Brain 
protection

Inform the 
neuroradiologist
Call for help
Antagonize 
heparin 
(protamine)
Occlude the 
aneurysm as fast 
as possible or 
inflate a balloon 
in the artery
Do not infuse 
antihypertensive 
agent
Give thiopental 
(decreases blood 
pressure and ICP)

During procedure
  Mannitol 1 g/kg
  Hyperventilation 

(PaCO2 
26–30 mm Hg)

  Stop inhaled 
anesthetic agents 
(or shift to 
propofol)

  Give thiopental
  Allow mild 

hypothermia
Post procedure
Ventricular 
drainage

Ventilate 
with 100% 
O2

Mild 
hypothermia
Thiopental
Ventricular 
drainage
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be checked every hour to maintain adequate anti-
coagulation. The injection of acetylsalicylic acid 
has been associated with a lower rate of thrombo-
embolic events [80]. Nevertheless, it may 
increase the risk of bleeding if a neurosurgical 
procedure is needed (ventricular drainage).

8.6.5.3  Treatment of Cerebral Artery 
Thrombosis

This complication should be recognized and 
treated as soon as possible. The first step is to 
promote oxygen transport to the ischemic brain 
which can be achieved by increasing the blood 
pressure in order to recruit collateral arteries and 
by increasing the inspired oxygen fraction to 
100% in order to increase the diffusion of oxygen 
to the ischemic penumbra. The second step is to 
recanalize the vessel. The activated coagulation 
time is checked, and additional heparin is given if 
the ACT is less than 250 s. Infusion of thrombo-
lytics in situ (rt-PA, maximum dose 0.9 mg/kg) 
has been used with an approximately 50% recan-
alization rate [81]. Fragmentation of the clot 
mechanically improves the efficiency of throm-
bolysis. Glycoprotein IIb/IIIa receptor antago-
nists (abciximab, eptifibatide, tirofiban) have 
been associated with a higher recanalization rate 
than thrombolytics, a lower perioperative mor-
bidity, and a better long-term outcome [82]. The 
incidence of bleeding was low in the reported 
case series. Thus, they can be used as first-line 
agents in case of vessel thrombosis. Mechanical 
thrombectomy is a logical option, but the experi-
ence is very limited in this indication.

8.7  Emergence and Recovery 
After Anesthesia

Early clinical assessment is essential after sur-
gery or coil embolization. After an uneventful 
procedure, grade 1 or 2 patients should be 
allowed to awaken as soon as possible. Moderate 

hypertension (systolic blood pressure < 180 mm 
Hg) is usually not aggressively treated. Higher 
blood pressure levels may cause cerebral hemor-
rhage or swelling and should be treated with low-
dose labetalol (5–10 mg), nicardipine (0.5–1 mg), 
or urapidil (10–20 mg) as needed. Any new neu-
rologic deficit in the immediate postoperative 
period should raise the possibility of clip or coil 
complication and lead to emergency CT angiog-
raphy. Grade 3 or 4 patients usually need postop-
erative ventilation, but neurologic examination is 
possible after stopping anesthesia to rule out any 
new focal neurologic deficit. Grade 5 patients are 
sedated and ventilated in the postoperative 
period. TCD is a convenient monitoring to assess 
the patency of arteries of the circle of Willis.

The main risk in the postoperative period is 
cerebral ischemia related to vasospasm. A sys-
tolic blood pressure above 120 mm Hg is a safe 
objective to maintain adequate brain blood flow.

In the postoperative period, the patients are 
usually monitored in an intensive care unit, to 
detect medical or surgical complications. A brain 
CT scan 24–48  h after the aneurysm securing 
procedure is important to detect any ischemia 
related to the procedure.

8.8  Conclusion

Anesthesia for patients with SAH requires a clear 
understanding of the cerebral consequences of 
aneurysm rupture. Hemodynamic management 
needs to balance the risks of cerebral ischemia 
due to impaired CBF and the risk of rebleeding. 
Several medical complications, including heart 
failure and neurogenic pulmonary edema, are 
challenging to perform emergency anesthesia for 
a major surgical or endovascular procedure. The 
objectives of anesthesia are both to make the 
aneurysm securing procedure as safe as possible 
and at the same time maintain brain homeostasis 
in order to prevent cerebral ischemia.
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