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Abstract The emergence of dedicated neurologic-
neurosurgical intensive care units, advancements in endovas-
cular therapies, and aggressive brain resuscitation and
monitoring have contributed to overall improved outcomes
for patients with aneurysmal subarachnoid hemorrhage
(aSAH) over the past 20 to 30 years. Still, this feared
neurologic emergency is associated with substantial mortality
and morbidity. Emergency care for patients with aSAH
focuses on stabilization, treatment of the aneurysm,
controlling intracranial hypertension to optimize cerebral
perfusion, and limiting secondary brain injury. This
complex disorder can be associated with many neurologic
complications such as acute hydrocephalus, rebleeding, global
cerebral edema, seizures, vasospasm, and delayed cerebral
ischemia in addition to systemic complications such as
electrolyte imbalances, cardiopulmonary injury, and
infections. Background routine intensive care practices such
as avoidance of hyperthermia, venous thromboembolism
prophylaxis, and avoidance of severe blood glucose
derangements are additional important elements of care.
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Introduction

An instantaneously severe headache, with or without
associated loss of consciousness, is the clinical hallmark
of aneurysmal subarachnoid hemorrhage (aSAH). This
neurologic emergency accounts for only about 5% of
strokes, but strikes patients in the prime of life and is
associated with substantial mortality and disability [1]. The
diagnosis is usually confirmed with a noncontrast head CT
scan, which has a sensitivity greater than 95% for the
detection of acute subarachnoid blood [2]. If brain imaging
is unrevealing, and clinical suspicion remains high, the
diagnosis should be confirmed with cerebrospinal fluid
(CSF) examination. In the rapidly developing era of
neurointensive care and cerebrovascular intervention,
new management approaches for patients with aSAH
have emerged and aggressive brain resuscitation with
close neurologic and cardiopulmonary monitoring in a
specialized neurologic-neurosurgical intensive care unit
(NICU) is warranted.

Early Resuscitation and Treatment

Stabilization

The initial priorities in caring for a patient with aSAH are
the same as those in any critically ill patient: the
establishment of adequate oxygenation and ventilation
through a patent airway and hemodynamic stabilization.
Once the airway has been secured and oxygenation and
ventilation are acceptable, control of blood pressure should
be a priority. A sudden excessive output from the central
sympathetic nervous system causes hypertension in many,
and oftentimes requires treatment with intravenous
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antihypertensives. On the basis of indirect evidence that
the risk of aneurysm rebleeding is greater with a
systolic blood pressure greater than 160 mm Hg, this
is a reasonable blood pressure goal for most patients
until the aneurysm is secured [3]. Intravenous boluses of
labetalol, hydralazine, or infusions of nicardipine or
esmolol are preferable options. However, it should be
noted that this approach could be detrimental if intracranial
pressure (ICP) is increased to the point that cerebral perfusion
is compromised. Intravenous infusions of crystalloids (e.g.,
0.9% saline) should be instituted with a goal of maintaining
euvolemia. Once stabilized, the patient should be transferred
to a center with expertise in the management of aSAH,
preferably a center with a dedicated NICU.

Close neurologic and cardiovascular monitoring in the
intensive care unit with hourly neurologic examinations is
essential to early detection and management of possible
complications after aSAH. This complex disorder—with
much of its pathophysiology still poorly understood—can
give rise to many neurologic and systemic complications
(Table 1). The timing of clinical deterioration after ictus
will help the clinician to focus the evaluation and determine
the cause.

Several grading systems are available to quantitate the
severity of neurologic impairment at presentation. These
not only can aid in management decisions that are

influenced by the severity of aSAH but also may estimate
a prognosis for clinicians, patients, and family members.
For the initial clinical assessment, we favor the World
Federation of Neurological Surgeons scoring system [4]—
which is based on the Glasgow Coma Scale and the
presence of motor deficits—because of its simplicity and
objective nature. Grading scales of radiographic findings on
early head CT scans provide valuable information to
estimate the risk of delayed vasospasm. A modification to
the classic Fisher grading score [5] recognizes that
intraventricular blood in addition to thick cisternal blood
increases this risk [6].

Intracranial Hypertension

Increased ICP should be suspected in patients with
decreased level of consciousness and is most often caused
by hydrocephalus or global cerebral edema. In patients with
poor clinical grades, ICP should be monitored and blood
pressure targets and treatments of increased ICP can be
guided by the goal of maintaining a cerebral perfusion
pressure (CPP) greater than 60 mm Hg. Patients with space-
occupying hemorrhages should be treated by craniotomy
and surgical decompression if clinical deterioration or
refractory intracranial hypertension develops. CSF diver-
sion via a ventriculostomy is a staple of ICP monitoring and

Table 1 Intensive care unit management of aneurysmal subarachnoid hemorrhage

Complication Therapeutic measures

Before aneurysm treatment

Hydrocephalus Place external ventricular or lumbar drain

Aneurysmal rebleeding Early aneurysm repair

Tranexamic acid 1 g intravenously every 6 h not exceeding 48 to 72 h

Increased intracranial pressure Elevate head of bed to 30°

Control fever and agitation

Short-term hyperventilation

Osmotherapy (20% mannitol, hypertonic saline)

Surgical evacuation/decompression for lesions with mass effect and clinical deterioration

Neurogenic stunned myocardium β blockers

Neurogenic pulmonary edema Increase level of positive end-expiratory pressure

After aneurysm treatment

Delayed cerebral ischemia Nimodipine 60 mg every 4 h

Vasospasm Maintain euvolemia with crystalloids or colloids

If symptomatic, induce hypertension with phenylephrine, norepinephrine, or dopamine

If refractory, provide endovascular treatment (transluminal angioplasty or intra-arterial vasodilators)

Hyponatremia Strict avoidance of free water

Hydration with hypertonic saline solutions (1.5% or 3%)

Fludrocortisone acetate up to 0.2 mg twice daily

Hyperglycemia Use insulin to maintain normoglycemia (5.6–10 mmol/L)

Fever Maintain normothermia with acetaminophen, cooling blankets, or surface cooling devices
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treatment and is generally indicated in stuporous or
comatose patients with aSAH. In general, a conventional
approach to CSF diversion after aSAH involves setting the
external ventricular drain (EVD) to an initial level of 10 to
15 mm Hg, but the optimal rate and method of CSF
diversion after aSAH are not well studied.

General management principles of controlling ICP
include elevating the head of the bed to 30°, avoiding
jugular compression, treating fever, and avoiding serum
hyponatremia. Intravenous sedation may be needed for
agitated patients or those not tolerating intubation and
ventilation, but should consist of short-acting agents to
allow preservation of frequent neurologic examinations off
sedation. Specific medical therapies for treatment of ICP
and optimization of CPP include short-term hyperventila-
tion, osmotherapy, barbiturate infusions, and induced
systemic hypothermia. Mannitol and hypertonic saline are
commonly used osmotic agents. In a small study of aSAH
patients, administration of 23.5% saline led to improvement
of cerebral blood flow and brain tissue oxygenation levels
for several hours but these parameters were not predictors
of clinical outcome [7]. Nevertheless, because of improved
cardiac output and less propensity for diuresis compared
with mannitol, some prefer hypertonic saline for treatment
of elevated ICP [8].

Rebleeding

The risk of aneurysmal rebleeding—a feared event due to
high risk of death or disability—is highest within 24 h of
initial aSAH [9, 10]. Rebleeding often presents dramatically
and typical clinical features include loss of consciousness
with loss of brainstem reflexes. With a growing emphasis
on prompt aneurysmal treatment, early rebleeding is

becoming less frequent. In earlier studies it was reported
in up to 30% of patients [11], but more recently it has
ranged from 1.3% to 13.6% [3, 12–14].

Anti-fibrinolytics have been shown to reduce the risk of
rebleeding by about 40%, but have not been shown to
provide an overall net benefit in clinical outcome because
of an increase in cerebral ischemia. Notably, however, most
of the trials from which the data are derived were from an
era before prevention and specific treatments of delayed
cerebral ischemia (DCI) were utilized [15]. Furthermore,
their use was prolonged for many days through the days of
peak vasospasm risk. Their temporary use (<72 h) with
avoidance of hypotension may be safe [16] and should be
considered for patients at high risk of rebleeding [8].

Hydrocephalus

Another common early complication after aSAH is
acute hydrocephalus, which occurs in about 20% of
patients [17]. Ventricular enlargement may be striking,
but also can be subtle, and might be only recognized by
dilatation of the temporal horns of the lateral ventricles
(Fig. 1). Hydrocephalus typically causes more gradual
impairment of consciousness over hours and might be
manifested early by a limitation in upgaze associated
with drowsiness. Alternatively, the patient might present
comatose at the initial evaluation. Acute hydrocephalus
responds rapidly to ventricular drainage, and can be
accompanied by striking clinical improvement [8].
However, not all patients are clearly symptomatic, and
up to 20% of those with enlarged ventricles on CT scan
may be alert [18]. Because spontaneous improvement can
occur [19], close clinical observation in stable patients
may be a reasonable approach.

Fig. 1 Acute hydrocephalus
after aneurysmal subarachnoid
hemorrhage. Axial noncontrast
head CT scan shows acute
hydrocephalus with prominence
of the temporal horns (a)
and bodies (b) of the lateral
ventricles. Additionally, there is
acute subarachnoid hemorrhage
filling the anterior fissure and
diffuse sulcal effacement.
Although the degree of
ventricular dilatation is not
impressive, this patient had
developed symptoms of
intracranial hypertension, which
resolved after placement of
an external ventricular drain

Curr Neurol Neurosci Rep (2012) 12:1–9 3



Global Cerebral Edema

Global cerebral edema visualized on head CT (sulcal
effacement, disrupted gray-white junction) occurs on
admission in about 8% of patients with nontraumatic SAH
[20]. This radiographic finding is strongly correlated with
poor clinical grade and loss of consciousness at ictus. An
additional 12% of patients develop radiographic cerebral
edema at an average of 6 days after ictus, and this delayed
global edema is an independent risk factor for morality and
poor outcome, including cognitive dysfunction [20, 21].

Intraparenchymal Hematoma

An important cause of early neurologic deterioration is
intracerebral extension of hemorrhage, which may occur in
as many as one third of patients [1]. Either presenting as
secondary deterioration, or a cause of initially poor clinical
condition, this complication may require treatment with
emergent surgical evacuation or hemicraniectomy. The
aneurysm can be clipped during surgery, or alternatively,
may be treated via endovascular coils prior to craniotomy if
permitted by the clinical condition, which could allow for a
safer, simpler surgical procedure [22].

Prophylaxis of Delayed Cerebral Ischemia

The enteral administration of nimodipine, a calcium
channel antagonist, has been shown to reduce the frequency
of DCI and poor functional outcome after aSAH [23]. The
evidence supporting its use relies heavily on a single large
trial [24]. The standard treatment is to prescribe 60 mg
enterally every 4 h for 21 days as soon as possible.
Intravenous calcium channel antagonists are expensive,
unproven, and possibly even harmful if hypotension is
precipitated. Even administration by enteral route can cause
hypotension, and if it does, the dose can be halved and
given every 2 h. It is notable that nimodipine does not
decrease angiographic vasospasm and that the mechanism
by which it reduces DCI is not known.

Seizure Prophylaxis

Practices differ when it comes to the use of anticonvulsants,
but there is no evidence to support their routine use on a
prophylactic basis in patients with aSAH. When indicated
by either clinical or electrographic seizures, phenytoin
should be avoided because it has been associated with poor
outcome in aSAH [25]. Thus, an alternative anticonvulsant
(e.g., levetiracetam) is preferred. Because nonconvulsive
seizures have been reported to be common in stuporous or
comatose patients with aSAH [26], it is reasonable to obtain an
electroencephalogram in these cases. However, electrographic

status epilepticus is an independent predictor of poor outcome
and is often refractory to treatment. Thus, it is possible
that this finding may reflect an already severely injured
brain rather than ongoing injury that is amenable to
treatment [27, 28].

Treatment of the Aneurysm

Once the patient is stabilized, eliminating the aneurysm from
the circulation by endovascular coiling or microsurgical
clipping takes priority to reduce the risk of future bleeding.
Endovascular coiling has emerged over the past 15 years as an
increasingly utilized alternative to microsurgical clipping. In
the ISAT (International Subarachnoid Aneurysm Trial)—
which notably required clinical equipoise for coiling versus
clipping—endovascular coiling was associated with a lower
risk of death or dependency at 1 year (absolute risk reduction
7.4%) [12, 29]. However, despite this overall benefit toward
functional outcome, there were higher rates of rebleeding
and re-treatment in the coiling group. The two techniques
should be viewed as complementary because many aneur-
ysms and patients are not equally suited for either procedure.
Aneurysm location, morphology, and vascular anatomy in
addition to individual patient factors (age, comorbidities) all
affect the decision. For example, coiling was associated with
a better outcome in a subgroup of elderly patient (>65 years)
from ISAT who presented with good clinical grade and small
anterior circulation aneurysms, whereas elderly patients with
middle cerebral artery aneurysms may be more appropriate
candidates for surgical clipping [30].

Prevention and Treatment of Complications
after the Aneurysm is Secured

Delayed Cerebral Ischemia

Patients with aSAH who manage to survive the initial insult
are at risk for secondary brain damage, a significant
proportion of which is caused by DCI. The close neurologic
monitoring of patients in the NICU to facilitate prevention,
early detection, and potentially therapeutic intervention of
DCI constitutes a fundamental element of care in these
patients. Occurring in up to one third of patients, DCI is
characterized by neurologic deficits that appear gradually
over hours within the first or second week after aSAH,
usually consisting of focal deficits (25%), decreased level
of consciousness (25%), or both (50%) [1]. DCI has been
historically attributed to angiographic vasospasm, but it is
poorly understood and it has been suggested that this
relationship may be actually associative rather than causa-
tive. Cerebral ischemia often involves more than one
arterial territory [8, 31]. In addition, it has been shown that
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vasospasm can be present without DCI and DCI can be
present without vasospasm [32, 33]. Other pathophysiologic
mechanisms such as thrombosis of the microcirculation,
activation of inflammatory cascades, and cortical spreading
depolarizations may contribute to DCI [34–37].

Although many unanswered questions remain, vaso-
spasm as a complication of aSAH has been known for
more than 60 years, and has been studied extensively.
The peak time frame for vasospasm is 4 to 12 days
after aSAH. Angiographic vasospasm is seen in about
two thirds of patients, but only half of these are
symptomatic [8]. Angiographic vasospasm has been
shown to be strongly associated with the occurrence of
cerebral infarctions seen on head CT [38]. The best
independent predictor for the development of vasospasm
is the total volume of subarachnoid blood on the initial head
CT [5]. Patients with poor clinical grade, intraventricular
hemorrhage, and a history of cigarette smoking tend to have
more severe vasospasm [6, 8].

Monitoring

Conventional cerebral angiography, although invasive and
costly, is the gold standard for diagnosing arterial vasospasm.
Beyond diagnostic accuracy, an additional advantage is that it
can be therapeutic if one treats visualized vasospasm with
intra-arterial vasodilators or balloon angioplasty at the same
session. Nevertheless, because of the small, but certainly not
negligible associated risks, the routine use of serial conven-
tional angiograms to screen for vasospasm after aSAH is not
recommended.

Transcranial Doppler ultrasonography (TCD) is a widely
accepted method used to screen for vasospasm [39]. This
noninvasive, readily accessible technique is generally
performed on a daily or every-other-day basis in the NICU
during the peak time of vasospasm. TCD is most useful for
the prediction of angiographic vasospasm in the basal
segments of large or medium-sized intracranial arteries.
This has been best established in the middle cerebral artery,
in which a mean velocity of blood flow greater than
120 cm/s, rapid rise in velocity (>50 cm/s over 24 h), or
high Lindegaard ratio (6 or greater) correlate well with
angiographic vasospasm [39–41].

The sensitivity and specificity of TCD in prediction of
vasospasm vary according to the vessel, diagnostic
criteria, and timing of correlative angiography, but it is
estimated to be about 70% to 80% [8]. Notably, flow
velocities on TCD can be influenced by technical issues
(presence of temporal bone windows), vessel anatomy, ICP,
mean arterial pressure, hematocrit, and arterial CO2 content.
Additionally, the results of TCD only weakly correlate with
late radiographic infarcts [42, 43] and the prediction of
neurologic deterioration remains problematic. It is not known

if the use of TCD as a screening tool affects clinical
outcomes.

CT angiography (CTA) is another noninvasive technique
that can be used for screening of vasospasm after aSAH.
The results correlate fairly well with angiography, and are
particularly accurate when there is severe or no vasospasm
in proximal arteries [44]. CTA is less accurate for mild or
moderate spasm in distal blood vessels. Similar to conven-
tional angiography there is a mildly increased risk of kidney
injury because of contrast dye, but unlike angiography,
treatment cannot be performed at the same session.
Although CTA is reasonably accurate for the diagnosis of
vasospasm, it may not be helpful in the diagnosis of DCI
[33, 45•].

CT perfusion (CTP) is gaining attention as another
potential technique to monitor for vasospasm and DCI [32,
45•, 46–49]. CTP is attractive because it is noninvasive and
it can be performed using current CT technology with
accessible software. Unlike TCD or CTA, it can provide
information about the brain parenchyma, including an
estimation of blood flow to an entire arterial territory.
CTP has been compared with CT and CTA and was found
to have a higher sensitivity (0.84) and specificity (0.79) for
the diagnosis of DCI in patients with clinical deterioration,
but important end points (radiographic infarcts and clinical
outcomes) were not assessed [45•]. Others have found that
CTP may predict angiographic vasospasm [46] and
cerebral infarctions [42]. A relationship between perfusion
parameters and DCI has been clearly established [46, 50],
but it is far from certain whether the risks associated with
CTP (substantial radiation exposure, kidney injury from
contrast dye) are justified in this population, and whether
therapeutic interventions based on results will impact
positively on clinical outcomes.

Treatment of Vasospasm

Ensuring adequate intravascular volume is essential in the
initial assessment and hypovolemia should be strictly
avoided. The volume-status goal in the care of a patient
with aSAH is to maintain euvolemia. Standard fluid therapy
consists of 0.9% saline, but hypertonic saline solutions
(1.5%, 3%, or 7%) can be used in case of hyponatremia.
Colloids (e.g., 5% or 25% albumin solution) can be used
and may allow a decrease in the total amount of fluids
needed [51], but these are expensive and there is no
evidence to support their routine use in the management of
aSAH. “Triple-H therapy” (hypertension, hypervolemia, and
hemodilution) has been traditionally advocated, although it
has never been tested in a randomized controlled trial.
Hypervolemia in particular is questioned [52, 53].

Of the three components, induced hypertension is the
most effective and we consider it the mainstay of
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hemodynamic augmentation therapy [54••]. In patients with
normal left ventricular function and normal or increased
heart rate, phenylephrine is a safe first-line vasopressor
[55]. Norepinephrine and dopamine are good alternatives.
Dobutamine and milrinone may be used in patients with
decreased cardiac output. When patients do not improve
promptly with medical treatment—or if hemodynamic
augmentation is unsafe—endovascular treatments (trans-
luminal angioplasty or intra-arterial infusions of a
vasodilator medication) should be pursued. Angioplasty
is effective in the treatment of focal vasospasm
involving the proximal segments of major intracranial
vessels with angiographic success rate of 80% to 100%
[56]. Clinical improvement in most series ranges from
30% to 80% [57], but angioplasty is not a panacea, as
evidenced by a large series of patients with symptomatic
vasospasm treated with angioplasty in which 25%
remained unchanged and 25% deteriorated following
treatment [58]. Older patients with poor grade aSAH are
less likely to achieve clinical improvement [59]. Risks of
balloon angioplasty include arterial wall rupture, dissection,
thrombosis, and reperfusion injury, but when performed by
experienced neurointerventionalists the procedure is relatively
safe. Angioplasty cannot be performed for vasospasm
affecting the distal vasculature, and in these situations, intra-
arterial vasodilators are preferred. Nimodipine, nicardipine,
and/or verapamil are most frequently used and considered safe
[60–63], but their effect is usually transient and clinical
improvement occurs in an estimated 30% to 50% of treated
patients [57].

Systemic Complications

Neurogenic pulmonary edema occurs in 14% to 23% of
patients [64, 65] and manifests early after aneurysmal
rupture [8]. This serious complication occurs more
commonly in patients with poor neurologic grade and is
a result of an abrupt increase in sympathetic output
leading to increased hydrostatic pressure [66]. Neurogenic
pulmonary edema responds to higher levels of positive
end-expiratory pressure, thus it is important to differenti-
ate these pulmonary infiltrates from other common causes
(e.g., cardiogenic pulmonary edema and aspiration). In
one recent study, bilateral pulmonary infiltrates developed
in 27% of patients and these were associated with poor
neurologic grade, symptomatic vasospasm, and prolonged
length of hospital stay. Only infiltrates developing later
than 72 h after hemorrhage were independently associated
with poor outcome [67].

Neurocardiogenic injury—the “stunning” of myocardium
due to a massive release of catecholamines from sympathetic
nerves—is a serious cardiac complication of aSAH that occurs
in about 3% to 11% of patients [68, 69]. Clinically, signs of

cardiogenic shock (e.g., hypotension, cool clammy skin,
pulmonary edema, and oliguria) may be present. Cardiac
evaluation shows electrocardiogram abnormalities (T-wave
inversions, ST-segment depression or elevation, prolonged
QT interval), mildly elevated serum troponin levels, and
characteristic echocardiogram findings of reversible wall
motion abnormalities [70, 71].

Hyponatremia occurs in 20% to 40% of patients after
aSAH [62], and is usually asymptomatic. However, if
severe (<120 mEq/L) or rapidly declining, seizures or
depressed level of consciousness can occur. Although the
syndrome of inappropriate excretion of antidiuretic
hormone (SIADH) may contribute to hyponatremia in
patients with aSAH, cerebral salt wasting caused by
hypovolemia and increased natriuresis is the main
responsible mechanism [72, 73]. Strict avoidance of free
water and hydration with saline solutions are the mainstay
of therapy. Continuous infusions of hypertonic saline
solutions (1.5% or 3%) and oral fludrocortisone acetate
up to 0.2 mg twice daily are useful additional treatments
[8]. Arginine vasopressin receptor antagonists are useful
for euvolemic or hypervolemic hyponatremia, but these
agents should probably be avoided in patients with aSAH
because they can cause a marked diuresis [72, 74].

Nosocomial infections increase morbidity and mortality
and lengthen hospital stays in critically ill patients,
including those with aSAH. The most common nosocomial
infections affecting aSAH patients are pneumonia (20%),
urinary tract infections (13%), blood stream infections
(8%), and bacterial meningitis/ventriculitis (5%) [75].
Although the data is conflicting [76, 77], most units
regularly use prophylactic antibiotics while EVDs are in
place or antimicrobial-impregnated EVDs. Other practices
aimed at reducing ventilator-associated pneumonia and
blood stream catheter-related infections have been grouped
as “bundles” of medical care and should be part of routine
care in the intensive care unit.

Other medical complications are common and should be
addressed in daily routine management of patients with
aSAH. Fever (temperature ≥38.3°C) occurs in up to 70% of
all patients with aSAH in the first 10 days [78] and has
been shown to be an independent predictor of poor outcome
with increased risk of death, severe disability, or loss of
independence [79–81]. An evaluation for underlying
infection (e.g., cultures from blood, tracheal secretions,
urine, and CSF samples) must be performed, but more often
than not, no infectious source is identified [82]. Although
there is not currently high level evidence available to
suggest that the aggressive treatment of fever impacts on
clinical outcomes, most agree that fevers should be
treated. Therapeutic options include oral antipyretics (e.g.,
acetaminophen), cooling blankets, or surface cooling devices
to maintain normothermia if necessary.
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Similar to fever, alterations of blood glucose levels after
aSAH—whether it is hyperglycemia or hypoglycemia—have
also been associated with poor functional outcomes [83, 84]. It
is not clear whether hyperglycemia directly causes detrimental
effects or if it is simply a marker of brain injury severity.
Because clinical signs of hypoglycemia in critically ill
patients may not be obvious, close serum glucose monitoring
is warranted. We think a reasonable blood glucose target
range, without high level evidence to support it, is between
100 mg/dL (5.6 mmol/L) and 180 mg/dL (10 mmol/L) [85].
Rigorous studies to determine the value of insulin therapy and
optimal blood glucose targets after aSAH are still needed.

Conclusions

A ruptured intracranial aneurysm is a neurologic emergency
that requires prompt and aggressive resuscitation, stabi-
lization, and care in a NICU with subspecialty
multidisciplinary care. After stabilization, prompt treatment
of the ruptured aneurysm via endovascular coiling or surgical
clipping is essential. The complexity of aSAH characteristi-
cally is associated with many complications that mandate
close neurologic and cardiopulmonary monitoring with the
goal of preventing or limiting the degree of secondary brain
injury. Aggressive management of increased ICP due to
global edema or hydrocephalus, monitoring and treatment of
DCI, and the prevention and treatment of medical complica-
tions are important elements of care. In this evolving era of
neurointensive care and endovascular therapies, outcomes are
improving, but aSAH still contributes to substantial morbidity
and mortality and there remains much to learn.
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