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Aneurysmal subarachnoid hemorrhage is a life-threatening,
neurological emergency characterized by accumulation of blood
in the subarachnoid space due to a ruptured aneurysm. Over the
past several decades, improvements in the clinical management
of aneurysmal subarachnoid hemorrhage have led to better patient
outcomes. However, aneurysmal subarachnoid hemorrhage is still
associated with high morbidity and mortality. During the acute phase
of aneurysmal subarachnoid hemorrhage and prior to the definitive
management of the aneurysm, numerous medical emergencies, such

as elevated intracranial pressure and cerebral vasospasm, must be
effectively managed to ensure the best possible neurological outcome.
Early and rapid open communication between the clinical specialties
caring for the aneurysmal subarachnoid hemorrhage patient is vital
for rapid data collection, decision-making, and definitive treatment.
In this narrative review, we aim to present the current guidelines for
the multidisciplinary acute management of aneurysmal subarachnoid
hemorrhage.

Subarachnoid hemorrhage (SAH) following rupture of an
intracranial aneurysm is a medical emergency with an estimated
global incidence of 6 per 100,000 person-years.! During
aneurysmal SAH (aSAH), blood accumulates between the
arachnoid layer and pia mater, leading to a rapid increase in
intracranial pressure (ICP), and depriving the brain tissue of
oxygen. Recent studies have reported that aSAH has a 30-day
case fatality rate of approximately 20%, and among survivors, the
functional dependency rate is as high as 50%.>* Patient outcomes
following aSAH have improved over time. A recent study found
a significant decrease in hospital mortality when comparing the
years 2003-2008 with 2015-2019.* In addition, the 12-month case
fatality rates of aSAH have declined over time.* This trend could
be partially attributed to improvements in the clinical treatment
of aSAH.> However, the overall aSAH morbidity and mortality
rates remain high. Approximately 12% of patients experience
sudden death before hospital arrival, 35% die within 3 months,
and >50% of survivors experience an incomplete recovery.®
Despite accounting for only 5% of stroke cases, the total loss of
productive life years from aSAH is comparable to that of ischemic
stroke.” Proper management of patients with aSAH during the
acute phase prior to aneurysm securement is critical to increasing
the chances of survival and improving functional outcomes. A
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recent international survey identified significant global variability
in multiple aspects of aSAH management, including the timing
and type of aneurysm repair, fluid management methods,
and endovascular treatment of delayed cerebral ischemia.?
Furthermore, studies have demonstrated that discharge outcomes
for aSAH patients in the United States vary by geographic region
and that this variability is at least partly attributable to differences
in hospital management of aSAH.’ Guideline-based practices are
therefore critical for optimizing aSAH patient care and outcomes.
This review aims to present the current recommendations for the
acute multidisciplinary management of aSAH.

Assessment of Airway, Breathing, and Circulation

The first step in the acute management of aSAH is to ensure
appropriate resuscitation and airway, breathing, and circulation
control. Inadequate oxygen and ventilation can lead to hypoxia and
exacerbate ischemic damage to brain tissue. Multiple studies have
associated low brain oxygenation with poor neurologic outcomes
and mortality after aSAH.'"!! Proper airway management requires
first responders to obtain a Glasgow coma score (GCS) to determine
the patient’s level of consciousness. Patients with a GCS < 8 are
typically unable to maintain a patent airway and thus require
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intubation and mechanical ventilation for proper oxygenation.
In addition, sedation, intubation, and mechanical ventilation are
indicated in aSAH patients presenting with severe agitation or
respiratory failure. Approximately 38.5-65% of aSAH patients
require mechanical ventilation.'? Arterial blood gases are used to
adjust ventilator settings to achieve upper normoxia levels, or a
PaO, > 100 mmHg." In case of acute respiratory failure, to prevent
pressure-induced secondary lung injury, settings can be adapted to
target a PaO, of 60-80 mmHg with the lowest possible FiO,."*

Hypercapnia, defined as PaCO, > 45 mmHg, is detrimental in
the context of aSAH. High levels of CO, in the blood can induce
a vasodilatory response, which increases cerebral circulation
but raises ICP, increases intracranial hypertension, and reduces
cerebral perfusion.” Studies have associated higher than normal
PaCO, values with poor outcomes for aSAH patients.'® On the
other hand, an association between significant hypocapnia, PaCO,
< 30 mmHg, and poor outcomes has also been reported.!” A study
found that the optimal range of PaCO, for aSAH patients was 30-
38 mmHg based on clinical outcomes.'® Although there are no firm
guidelines regarding the target PaCO, value in aSAH patients,
neurointensivists generally attempt to maintain a low-to-normal
PaCO, target of 35-40 mmHg."

aSAH is also known to cause neurogenic stress cardiomyopathy
also known as Takotsubo cardiomyopathy (TTC), and leads to
impaired cardiac function.”® A study found that 16% of aSAH
patients developed TTC, and when present, TTC was associated
with higher mortality and poorer long-term functional outcomes.*
Severe TTC may be present in up to 8% of SAH cases, and TTC
severity may independently predict aSAH long-term outcomes,
including mortality.! To assess cardiac function, aSAH patients
routinely undergo transthoracic echocardiography (TTE), and
the TTE results enable neurointensivists to observe intracardiac
abnormalities and determine the necessary treatments to support
the circulatory system.*

Neurological Examination

A rapid neurological examination is essential for assessing aSAH
severity and can guide treatment decisions. The GCS is a routine
part of aSAH patient assessment and provides an objective
measurement of a patient’s level of consciousness following brain
injury (Table 1). The total GCS score provides a summative report
of the patient’s condition and determines the patient’s level of
impairment. Moreover, cranial nerve functions are also assessed
simultaneously with the GCS. These include tests for pupillary
reflex, extraocular movement, intact facial sensation and motor
function, palate elevation, gag reflex, and tongue deviation.
Furthermore, the motor and language functions of patients are also
evaluated.

Several other clinical grading systems are routinely used to assess
SAH severity. The Hunt and Hess scale is one of the most widely
used grading systems for SAH and predicts mortality based on
clinical features (Table 2).>* Although the Hunt and Hess scale
is a quick and easy method of assessing SAH, it has several
notable limitations. Patients may present with features on their

75

initial neurologic examination that do not allow classification
into a single grade. In such cases, the classification is left to the
subjective decision of the clinician. The Hunt and Hess scale
has also been found to have sizable interobserver variability.>*
Furthermore, several studies have found that incremental increases
in the Hunt and Hess scale did not correlate with progressively
worse outcomes following aSAH (i.e. no dose-response type
relationship was observed).”?¢ In 1988, the World Federation of
Neurological Surgeons developed a new grading scale for SAH
patients that considers both the total GCS score and the presence
or absence of motor deficits to predict mortality (Table 3). This
method of classification enables clinicians to assign grades based
on objective examination results.

In addition to clinical grading scales, a mental status examination
is conducted for all patients with aSAH. The mental status
examination assesses alertness and orientation to person, place, and
time. A decreased level of alertness is a symptom of hydrocephalus,

TABLE 1. Glasgow Coma Scale.

Glasgow coma scale

Response Scale Score
Eye-opening response  Eyes open spontaneously 4
Eyes open to verbal command 3
Eyes open to pain 2
No eye-opening 1

Verbal response Orientated to time/person/place 5
Confused 4
Inappropriate words 3
Incomprehensible sounds 2
No verbal response 1
Motor response Obey commands 6
Localizes pain 5
Flexion response to pain 4
Abnormal flexion (decorticate) to pain 3
Abnormal extension (decerebrate) to pain 2

No motor response 1

Brain injury severity based on total score: Minor =13-15, Moderate =9-12, Severe =3-8

TABLE 2. Hunt and Hess Grading Scale.

Hunt and hess grading scale

Predicted

Grade  Clinical presentation mortality (%)

1 Asymptomatic or mild headache and slight nuchal 11
rigidity

11 Moderate to severe headache, nuchal rigidity, no 26
motor deficit, and potential cranial nerve deficit

1 Somnolent or confused, may have mild motor or 37
focal neurologic deficit

v Stupor, moderate to severe motor or focal 71
neurologic deficit

\% Coma, decerebrate posturing, or no motor 100

response
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which is estimated to occur in 20% of aSAH patients.”” Acute
hydrocephalus is caused by the abnormal production and impaired
drainage of cerebrospinal fluid (CSF), which rapidly accumulates.
Pressure from excess CSF can damage brain tissue and be fatal if
left untreated. If a decreased level of alertness or consciousness
is found during the neurological assessment of a potential aSAH
patient, further imaging is urgently needed to determine whether
hydrocephalus is present.

In addition, routine bedside neurological assessments performed
by neurocritical care nurses are an essential component of aSAH
patient care throughout their hospital stay. According to the
American Association of Neuroscience Nursing guidelines, aSAH
patients require neurological assessments at least hourly while
in the intensive care unit (ICU).?® Certain symptoms, such as
worsening headache, decreased level of consciousness, and new-
onset focal neurological deficits, can raise suspicion of elevated
ICP and aneurysm rebleeding.”® Frequent bedside monitoring
can also alert care team members to the occurrence of seizures,
hemodynamic instability, or fever. Through early detection of
patient clinical deterioration and regular communication of
patient clinical status with neurointensivist and neurosurgical
teams, neurocritical care nurses form an essential part of the
multidisciplinary care team.

Diagnostic Imaging

Cerebral imaging is an essential step in the diagnosis of aSAH, and
non-contrast computed tomography (CT) scan remains the most
commonly used diagnostic tool. CT scans are particularly useful
for the detection of aSAH during the acute period, with a reported
sensitivity of approximately 100% in the first 3 days after ictus.*
Failure to obtain a CT scan is the most common diagnostic error in
the workup of aSAH.*!

If a CT scan is negative for SAH but there remains a high
clinical suspicion for aSAH, the American Heart Association
(AHA) guidelines recommend confirming these results through a
lumbar puncture (LP). CSF collected via LP can be tested for an
elevated red blood cell count or xanthochromia, either of which
suggests SAH.3? Xanthochromia, which describes yellow or pink
discoloration of CSF, is best detected 6-12 hours after aSAH and
lasts at least 2 weeks in most patients.** The diagnostic specificity
of LP is limited by the potential for traumatic needle placement. It
is challenging to distinguish true SAH from a traumatic tap, mainly
due to the lack of a definitive cut-off value for red blood cell count.
While a decrease in red blood cell count from tube 1 to tube 4

TABLE 3. World Federation of Neurological Surgeons Grading Scale.

World Federation of Neurological Surgeons grading scale

Grade Glasgow coma scale Motor deficit Survival (%)
I 15 Absent 70
I 13-14 Absent 60
1 13-14 Present 50
v 7-12 Present or absent 20
v 3-6 Present or absent 10
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of the LP samples may help distinguish true SAH from needle
trauma, there are no definitive guidelines or established red blood
cell ratios for this method.*

If both non-contrast CT imaging and LP are negative, CT
angiography (CTA) is the next step in the workup of aSAH. CTA
uses intravenous contrast to visualize the cerebral vasculature,
and non-contrast CT followed by CTA has been found to rule out
aSAH with > 99% sensitivity.”> Failure to detect an aneurysm via
CTA may suggest a diagnosis of non-aneurysmal SAH, such as
perimesencephalic non-aneurysmal SAH, which is hypothesized
to result from venous bleeding around the midbrain and estimated
to account for 6.8% of spontancous SAH cases.* However, CTA
scans may have a relatively low sensitivity for detecting small
aneurysms.’” The most updated AHA guidelines state that CTA
may be considered in the workup of aSAH, but if CTA imaging
results are inconclusive, DSA imaging is still recommended."

Recent advances in brain magnetic resonance angiography (MRA)
make it a potential tool for the investigation and diagnosis of aSAH.
Unlike CTA, MRA enables visualization of the cerebral vasculature
without contrast use and necessitates less radiation exposure.
However, a meta-analysis found that while MRA and CTA have
a comparable sensitivity of approximately 95% for aneurysm
detection in SAH, MRA has a lower specificity than CTA, 89%
versus 96.2%.% Furthermore, in the emergency setting of an aSAH,
using MRA for diagnostic purposes remains challenging due to
lengthy imaging periods, the logistical difficulties of scanning
acutely ill patients, and potential delays to treatment. Therefore,
MRA scans are currently not a routine part of the diagnostic
workflow for aSAH at our institution.

According to the most recent AHA guidelines, DSA remains the
gold standard for aneurysm detection and neurosurgical planning
in definitive aSAH management.'* In acute aSAH, small aneurysms
may be compressed by the hemorrhage, resulting in negative CTA
imaging. A study that compared DSA with CTA for the detection
of ruptured aneurysms reported that CTA only detected 306 of the
431 total aneurysms detected by DSA.? In addition, repeat DSA
imaging may be useful for aneurysm detection if the initial DSA
imaging is negative but clinical suspicion of aSAH still exists.*

Intracranial Pressure Management

One of the most common causes of decreased consciousness during
aSAH is elevated ICP. aSAH can lead to an abrupt rise in ICP,
which can compromise cerebral perfusion and cause temporary
intracranial circulatory arrest. Monitoring and treatment of
elevated ICP during the acute management of aSAH is therefore
critical for improving patient outcomes. Studies have reported
that over 80% of aSAH patients experience an episode of elevated
ICP, defined as > 20 mmHg.* In addition, elevated ICP is strongly
associated with poor outcomes and increased mortality after
aSAH.* Current ICP treatment goals for aSAH are based on the
traumatic brain injury guidelines of the Brain Trauma Foundation,
which recommend maintaining ICP < 22 mmHg and cerebral
perfusion pressure (CPP) between 60-70 mmHg for patients with
GCS scores < 8.4
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For patients who display hydrocephalus on CT scan, ICP is managed
via placement of an external ventricular drain (EVD). Proper EVD
management has been shown to influence rates of delayed cerebral
ischemia (DCI), length of stay in the hospital or ICU, and cognitive
outcomes among survivors of SAH.*” However, the abrupt
lowering of ICP via an EVD can increase aneurysmal transmural
pressures and precipitate re-rupture.** Furthermore, whether EVDs
are continuously or intermittently opened to drainage prior to
aneurysm securement varies by institution. A multicenter study
found that the majority (81%) of institutions surveyed prefer
continuous open drainage.* In addition, for unsecured aneurysms,
58% of institutions used a strategy that sought to minimize CSF
drainage, whereas 42% of institutions used a strategy that sought
to enhance CSF drainage.* At our institution, we employ a strategy
that seeks to temporize ICP while minimizing the risk of re-rupture
by initially setting EVDs to a pop-off pressure of 20 mmHg (i.e.
drains only when ICP goes above 20 mmHg).

Electrolyte imbalances may also be an important cause of elevated
ICP after aSAH. Hyponatremia, defined as a serum sodium level
< 131 mEq/L, is the most common electrolyte abnormality
observed in the context of aSAH and is estimated to affect about
30-56% of aSAH patients.*” aSAH patients with hyponatremia
have been found to have a longer length of stay, increased risk
of vasospasm, and higher morbidity. Osmotically active agents,
such as mannitol and hypertonic saline, are commonly used to
manage elevated ICP in the setting of aSAH. These hyperosmolar
agents decrease ICP by causing fluid to shift from the interstitial
and intracellular spaces of the brain into the bloodstream.*
However, the use of osmotically active agents may be associated
with certain risks for the patient. For example, mannitol initially
causes a rapid increase in intravascular volume, which may
precipitate acute hypervolemia and cause pulmonary edema or
heart failure in predisposed patients.”” Following this initial
increase in intravascular volume, mannitol exerts a strong diuretic
effect, which can cause intravascular volume contraction.?’
Therefore, neuro-intensivists must carefully monitor parameters
such as fluid balance, blood pressure, serum sodium, and serum
osmolality to prevent secondary injury.

Clinically induced hyperventilation with subsequent hypocapnia
can be considered as another method for rapidly reducing ICP.
However, multiple studies have shown that hypocapnia can induce
cerebral vasoconstriction, which may worsen cerebral ischemia
and lead to poorer neurologic outcomes.”® Therefore, induced
hyperventilation is recommended only for short, temporary
use to dramatically reduce elevated ICP. Moreover, we need to
acknowledge that hypocapnia resulting in respiratory alkalosis
will be compensated by renal-based metabolic responses. More
research on the outcomes of clinical hyperventilation is required to
determine whether it is useful in the setting of aSAH.

Blood Pressure Management

The blood pressure (BP) of aSAH patients must be maintained
within a range that reduces the risk of rebleeding from the
ruptured aneurysm while maintaining adequate CPP. Rebleeding is
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estimated to occur in 8-23% of aSAH patients within 72 hours after
onset and has an extremely poor prognosis, with reported mortality
rates as high as 60%.% Although proper BP control is important for
the prevention of rebleeding, there are no firm guidelines on the
magnitude of BP control necessary to reduce the risk of rebleeding.
For most patients with acute SAH, the AHA recommends
maintaining a systolic BP < 160 mmHg." Our institution targets a
systolic BP < 140 mmHg for patients with aSAH.

The risk of impaired cerebral perfusion due to elevated ICP is also
an important consideration for BP management and may require
paying attention to the lower limits of BP. There are no specific
guidelines for optimum mean arterial pressure (MAP) values in
aSAH patients, but maintaining a MAP between 70 and 90 mmHg
is generally accepted.*® Our institution targets an MAP >75 mmHg
for patients with aSAH. Since increasing MAP helps to maintain
CPP, antihypertensive therapy is often withheld unless there is
an extreme increase in BP."* Though uncommon in the setting
of aSAH, hypotension is also undesirable and can exacerbate
ischemic injury. Hypotensive patients should be initially assessed
for appropriate intravascular fluid status, oxygen-carrying capacity,
cardiac rate, and rhythm abnormalities, and treated appropriately.
Vasopressor infusions, including norepinephrine or phenylephrine,
may be required to maintain normal MAP values.

In addition, careful fluid management is a critical part of BP
control and maintaining adequate CPP. Both hypovolemia
and fluid loading beyond normal preload values have been
associated with DCI and worse functional outcome.’' Randomized
controlled trials (RCTs) investigating the efficacy of prophylactic
hypervolemic therapy for DCI prevention have found that patients
who received a mean fluid intake of 4-5 1/day versus 3 l/day
did not experience any clinical benefit and were more likely to
experience complications, such as arrhythmias and congestive
heart failure.”>%* Current AHA and American Stroke Association
(ASA) guidelines recommend targeting euvolemia to prevent
DCI. Saline 0.9% is the most commonly used maintenance fluid,
but repletion via albumin has demonstrated promising findings in
animal models of brain injury and is currently being explored as a
treatment for aSAH patients.** Data from the ALISAH (Albumin
in Subarachnoid Hemorrhage) pilot clinical trial suggests that
albumin administration is associated with a lower incidence of
vasospasm and DCI.>* However, this finding is yet to be validated
in a phase III randomized controlled trial, and results from the
SAFE (Saline versus Albumin Fluid Evaluation) trial associated
fluid resuscitation via albumin with a higher mortality rate
among patients with traumatic brain injury.”® Therefore, most
neurointensivists administer normal saline to achieve euvolemia
for patients with aSAH.

Seizure Prophylaxis

Seizures are reported in up to 27% of aSAH patients and occur
most commonly in the immediate posthemorrhagic period.*
Studies have associated seizures with reduced cerebral blood
flow, increased ICP, and increased hemorrhage severity.*
Furthermore, early in-hospital mortality is significantly more
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common among non-traumatic SAH patients who experience
seizures.”” The high risk of seizures and concerns about the
possible consequences of a seizure in the setting of an unsecured
aneurysm have led many centers to routinely administer
prophylactic antiepileptic drugs (AEDs), such as phenytoin and
levetiracetam, after SAH.¢

Despite the frequent use of AEDs, the indications and duration
of AED use following aSAH are often center-specific. Propensity
score-matched analysis suggests that prophylactic AEDs
do not significantly reduce the risk of seizure occurrence in
patients with spontaneous SAH.® Furthermore, several recent
studies have highlighted the adverse side effects associated
with posthemorrhagic AED exposure. These include serious
drug-related complications, such as impaired liver function,
thrombocytopenia, rash, and Stevens-Johnson syndrome, and
worse cognitive and functional outcomes.*® A study by Naidech et
al.* found that phenytoin exposure was associated with cognitive
and functional disability following SAH. Therefore, whether AED
prophylaxis should be initiated in patients with aSAH remains a
challenging decision. AHA guidelines state that AED prophylaxis
may be considered during the acute phase of aSAH, but do not
recommend its long-term use unless patients are deemed to be at
risk of delayed seizures. '

Vasospasm

Cerebral vasospasm is a phenomenon characterized by
vasoconstriction of the intracranial arteries, which commonly occurs
in the acute period following aSAH. Neurointensivists can monitor
aSAH patients for vasospasm daily using transcranial Doppler
(TCD) sonography, a non-invasive technique for measuring blood
flow within the intracranial arteries. Commonly used benchmarks
for blood flow velocity measured from the middle cerebral artery
include < 120 cm/sec for normal blood flow, 120-150 cm/sec for
mild vasospasm, 150-200 cm/sec for moderate vasospasm, and >
200 cm/sec for severe vasospasm. The Lindegaard ratio, which is
calculated as blood velocity in the middle cerebral artery divided
by that of the cervical internal carotid artery, is another method
for measuring vasospasm risk. A ratio of 3-6 indicates mild
vasospasm, while a ratio > 6 indicates severe vasospasm. TCDs
have 90% sensitivity and 71% specificity for detecting vasospasm,
but the diagnostic accuracy depends on the user’s ability to obtain
a proper insonation window.® Increased blood flow velocity
detected via TCD can alert neurointensivists to the potential
development of symptomatic vasospasm, which is characterized
by clinical deterioration due to DCI and is estimated to occur in
approximately 20-40% of aSAH cases.®! The modified Fisher scale
measures the risk of vasospasm after SAH. A grade is assigned
based on the SAH thickness and the presence of intraventricular
hemorrhage (IVH) (Table 4). A recent meta-analysis confirmed
that higher scores on the modified Fisher scale are associated with
an increased risk of DCI. Among SAH patients assigned a score of
0-1, 21% experienced DCI. For patients assigned modified Fisher
scale scores of 2, 3, and 4, the overall occurrence of DCI was 26%,
30%, and 42%, respectively.®!
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Cerebral vasospasm leading to DCI is a major cause of morbidity
for aSAH.®? Neurointensivists may attempt to avoid vasospasm
in the setting of acute aSAH via treatment with nimodipine.
Nimodipine is a second-generation calcium channel blocker
that was initially developed for the management of systemic
hypertension. The current use of nimodipine is primarily
limited to patients with SAH. Notably, nimodipine is the only
pharmacologic treatment that has been demonstrated to improve
neurological outcomes after aSAH.* Although nimodipine was
originally hypothesized to be beneficial to aSAH patients by
blocking vasospasm, other studies that used more potent calcium
channel blockers to block vasospasm in patients with aSAH
failed to show an improvement in neurological outcomes.®
Therefore, the mechanism by which nimodipine benefits aSAH
patients is not fully understood. Current guidelines recommend
administering nimodipine as early as possible or within 96 hours
of SAH diagnosis."

Vasospasm may also be medically treated with triple-H
therapy, which includes increasing BP (Hypertension),
increasing intravascular volume (Hypervolemia), and reducing
blood viscosity (Hemodilution).®® The only H that is utilized
frequently in current practice is Hypertension. Phenylephrine
and norepinephrine are the commonly used pharmacological
agents to induce hypertension.®® A survey of current practices
regarding triple-H therapy reported that therapeutic goals for
systolic BP range from 140 to 240 mmHg, and therapeutic
goals for MAP range from 70 to 210 mmHg.*® Originally, for
hypervolemia, a central venous pressure of 10 mmHg and a
pulmonary artery occlusion pressure of 15 mmHg was generally
recommended.®® However, the current approach prioritizes
normovolemia or euvolemia. Fluid management is commonly
monitored by using stroke volume and cardiac output monitors,
such as a pulse index continuous cardiac output (PiCCO).*’
While hemodilution may alleviate vasospasm by decreasing
viscosity, decreased hemoglobin levels may compromise
cerebral oxygen delivery in aSAH patients. Tertiary centers
generally target an average hematocrit of 30, but the optimal
hemoglobin goal is unknown.®® Triple-H therapy also poses
potential risks of pulmonary edema, dilutional hyponatremia,

TABLE 4. Modified Fisher Scale.

Modified Fisher Scale
Risk of symptomatic

Grade CT findings vasospasm (%)
0 No SAH or IVH 0
1 Minimal SAH (< 1 mm thin) and no IVH 24
2 Minimal SAH (< 1 mm thin) with bilateral 33

IVH
3 Thick SAH (> 1 mm thick, completely 33

filling one or more cistern or fissure)
without bilateral IVH

4 Thick SAH (> 1 mm thick, completely 40
filling one or more cistern or fissure) with
bilateral IVH

SAH: Subarachnoid hemorrhage; IVH: Intraventricular hemorrhage
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cerebral edema exacerbation, increased ICP, hemorrhagic
infarction, and aneurysm rebleeding.®®

In patients who fail medical treatments for vasospasm,
endovascular/surgical ~ treatments  include  intra-arterial
(TA) calcium channel blockers and/or balloon angioplasty.
Nicardipine and verapamil are calcium channel blockers
that can be administrated intra-arterially and have been
demonstrated to effectively treat vasospasm after aSAH.®™
Intravenous (IV) administration of other spasmolytics, such
as the phosphodiesterase inhibitor milrinone, has also been
demonstrated to safely treat vasospasm, and rescue IA milrinone
can effectively treat vasospasm in cases that are refractory to IV
milrinone.”" Finally, for cases in which vasospasm is refractory
to TA spasmolytic treatment, balloon angioplasty can be used
as a safe and effective surgical intervention.”” Endovascular
therapies, such as balloon angioplasty, used to treat vasospasm
have a longer-lasting effect and are associated with a reduced
risk of in-hospital mortality.” Current AHA guidelines do not
recommend endovascular prophylaxis for vasospasm, but state
that such interventions may be considered for the treatment of
refractory vasospasm.'?

Ongoing research in detecting impaired autoregulation after
aSAH holds promise for reducing rates of vasospasm and
DCI. Personalized BP targets based on cerebral oximetry
measurements may result in better patient functional outcomes
when used instead of more general BP ranges. Our institution
routinely uses optimal MAP (OptMAP) values derived from
cerebral oximetry assessments to guide BP management.
Preliminary findings indicate that targeting cerebral oximetry-
derived OptMAP values is associated with decreased rates
of DCI and mortality.”* A recent prospective study that
investigated the use of cerebral oxygenation-guided BP
management found that limiting deviation from calculated
autoregulatory goals was associated with improved functional
outcomes.” In the future, personalized BP targets may become
a routine part of aSAH management, especially as advances
such as near-infrared spectroscopy (NIRS) make non-invasive
continuous monitoring of cerebral oxygenation possible.”
The utility of NIRS for the early detection of vasospasm is
currently being studied in the COMOVA (Permanent Cerebral
Oximetry Monitoring for Early Diagnosis and Treatment of
Delayed Vasospasm After Subarachnoid Hemorrhage) clinical
trial.

Time to Definitive Aneurysm Securement

Clinical guidelines from the AHA and ASA recommend aneurysm
securement as early as feasible.”” Currently, most patients
with aSAH receive treatment within 24 hours of presentation.
Historically, during the 1960s and 1970s, neurosurgeons waited
for 2-3 weeks after hemorrhage to avoid performing surgery on
aneurysms during peak vasospasm and brain swelling periods,
which is known to increase the rates of perioperative complications
and mortality.”” A prospective randomized study that compared
neurologic outcomes for aSAH patients who received surgical
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treatment during the acute (0-3 days), intermediate (4-7 days),
and late period (8 or more days) after hemorrhage found that
patients who underwent surgery during the acute period had the
highest rate of functional independence (91.5%) at 3 months
post-surgery, followed by patients treated during the late period
(80.0%), and then those treated during the intermediate period
(78.6%).7® Similarly, the International Cooperative Study on the
Timing of Aneurysm Surgery compared outcomes for ruptured
aneurysms treated at 0-3 days, 4-10 days, and 11-14 days post-
bleeding. Outcomes for early and late surgical treatment were
similar, and mortality was the highest for aneurysms treated 7-10
days post-bleeding.” Notably, a more recent post-hoc analysis of
the International Subarachnoid Aneurysm Trial, which compared
surgical clipping and coiling of ruptured intracranial aneurysms,
found that patients who received definitive aneurysm treatment
within the first 4 days had improved neurological outcomes
compared with patients treated 5-10 days or > 10 days after ictus.”

Although our article presents best practices for acute aSAH
management based on current guidelines, medical decision-making
must ultimately be guided by individual patient considerations.
aSAH patients may present with other pathologies, such as
concomitant hemorrhage in other intracranial compartments and
cardiac dysfunction. Furthermore, certain hematological disorders,
such as acute myeloblastic leukemia and congenital coagulopathies,
can cause acute SAH.® Finally, our article focuses on the acute
period of aSAH prior to aneurysm securement. While high-quality,
multidisciplinary care during this period is necessary for favorable
patient outcomes, ensuring optimal long-term neurological
outcomes also depends on the care provided both during and after
surgical treatment of the aneurysm.

In conclusion, aSAH is a medical emergency with high morbidity
and mortality rates. Proper management during the acute phase
and prior to aneurysm obliteration has the capacity to save lives
and improve neurological outcomes. A multidisciplinary team
comprising of staff in the neurocritical care unit, radiology
department, and neurosurgery department play important roles
during this time. Neurointensivists manage cardiopulmonary
stability and patient comorbidities, radiologists obtain and
interpret diagnostic imaging examinations, and neurosurgeons
and neuro-anesthesiologists manage ICP with interventions
such as EVD placement. In addition, neurocritical care nurses
provide first-hand guidance for this multidisciplinary care via
frequent neurological assessments, immediate management
of patient care, and communication with neurointensivist and
neurosurgery teams. Given that most centers secure ruptured
aneurysms within 24 hours after SAH onset and that many
patients present with other comorbidities that require the
involvement of other medical specialty teams, collaboration
among these different teams is very important. Furthermore, as
new innovations in the treatment of SAH continue to emerge,
including new monitoring techniques, drugs, and interventions,
providers must remain informed about updates in best practice
to ensure continued coordination of care. Therefore, the
multidisciplinary approach is essential for the comprehensive
and timely treatment of aSAH patients.
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