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Introduction
Intracranial hemorrhage refers to any bleeding within the intracranial vault, including the
brain parenchyma and surrounding meningeal spaces. This article will focus on the acute
diagnosis and management of primary non-traumatic intracerebral hemorrhage (ICH) and
subarachnoid hemorrhage (SAH) in the emergency department.

Intracerebral Hemorrhage
Intracerebral hemorrhage, or ICH, is a devastating disease. The overall incidence of
spontaneous ICH worldwide is 24.6 per 100,000 person-years with approximately 40,000 to
67,000 cases per year in the United States[1–3]. The 30-day mortality rate ranges from 35%
to 52% with only 20% of survivors expected to have full functional recovery at 6 months.[3]
Approximately half of this mortality occurs within the first 24 hours[4], highlighting the
critical importance of early and effective treatment in the Emergency Department (ED).

Risk factors
A recent population-based meta-analysis showed that risk factors for ICH include male sex,
older age, and Asian ethnicity.[1, 5] ICH is twice as frequent in low-to-middle income
countries compared to high-income countries.[5] In the United States, several studies have
shown that the incidence of ICH is greater in African Americans and Hispanics than in
whites [6–8].

The most important risk factors for ICH include hypertension (HTN) and cerebral amyloid
angiopathy (CAA). HTN-related ICH is more likely to occur in deep structures[9], and the
risk of ICH increases with increasing blood pressure values[10]. CAA tends to occur in
association with advanced age, and CAA-related ICH tends to occur in lobar regions.[11]

Other risk factors for ICH include:

a) Alcohol intake: This risk appears to be dose-dependent, with a higher risk of
ICH among those with a higher daily alcohol intake [10]. Acute changes in
blood pressure during ingestion and withdrawal, effects on platelet function and
coagulation, and dysfunction of the vascular endothelium may account for this
risk. [12]
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b) Cholesterol: Low levels of total serum cholesterol are risk factors for ICH (in
contrast to ischemic stroke, for which high cholesterol levels are a risk). [13]

c) Genetics: The gene most strongly associated with ICH is the Apolipoprotein E
(APOE) gene and its ε2 and ε4 alleles[14]. The presence of the ε2 allele was
recently also linked to hematoma expansion [15].

d) Anticoagulation: Oral anticoagulants are widely used as prophylaxis in patients
with atrial fibrillation and other cardiovascular and prothrombotic states. The
annual risk of ICH in patients taking warfarin ranges from 0.3 to 1.0% per
patient-year with a significantly increased risk when the INR is >3.5[16].

e) Drug abuse: Sympathomimetic drugs, such as cocaine, are risk factors for ICH,
and patients actively using cocaine at the time of their ICH have significantly
more severe presentations and worse outcomes[17].

Pathophysiology
Primary ICH is typically a manifestation of underlying small vessel disease. First,
longstanding hypertension leads to hypertensive vasculopathy causing microscopic
degenerative changes in the walls of small-to-medium penetrating vessels, which is known
as lipohyalinosis[18]. Second, CAA is characterized by the deposition of amyloid-beta
peptide (Aβ) in the walls of small leptomeningeal and cortical vessels[19]. Although the
underlying mechanism leading to the accumulation of amyloid is still unknown, the final
consequences are degenerative changes in the vessel wall characterized by the loss of
smooth muscle cells, wall thickening, luminal narrowing, microaneurysm formation and
microhemorrhages[20].

Following initial vessel rupture, the hematoma causes direct mechanical injury to the brain
parenchyma. Perihematomal edema develops within the first 3 hours from symptom onset
and peaks between 10 to 20 days.[21]Next, blood and plasma products mediate secondary
injury processes including an inflammatory response, activation of the coagulation cascade,
and iron deposition from hemoglobin degradation[21]. Finally, the hematoma can continue
to expand in up to 38 percent of patients during the first 24 hours. [22]

Clinical presentation and diagnosis
The acute presentation of ICH can be difficult to distinguish from ischemic stroke.
Symptoms may include headache, nausea, seizures and focal or generalized neurologic
symptoms. Findings such as coma, headache, vomiting, seizures, neck stiffness and raised
diastolic blood pressure increase the likelihood of ICH compared to ischemic stroke, but
only neuroimaging can provide a definitive diagnosis [38].

Neuroimaging
Noncontrast computerized tomography

Noncontrast computerized tomography (CT) is the most rapid and readily available tool for
the diagnosis of ICH [23] and remains the most commonly used technique in the ED.
Besides providing the definitive diagnosis, CT may also show basic characteristics of the
hematoma, such as: hematoma location, extension to the ventricular system, presence of
surrounding edema, development of mass effect and midline shift.

A quick estimation of the hematoma volume can be rapidly performed in the ED with the
validated ABC/2 technique[24] (Figure 1). The steps to follow using this technique are:

• The CT slice with the largest area of hemorrhage is selected.
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• A is the largest hemorrhage diameter on the selected slice (in centimeters [cm]).

• B is the largest diameter perpendicular to A on the same slice.

• C is the approximate number of slices in which the hemorrhage is seen multiplied
by the slice thickness (often 0.5cm slices).

• A, B, and C are then multiplied and the product divided by 2.

CT Angiography
CT Angiography (CTA) is gaining increasing acceptance as a diagnostic tool in the acute
setting[25]. It is the most widely available, non-invasive technique for ruling out vascular
abnormalities as secondary causes of ICH. The risk of acute nephropathy, if any, is likely
quite low.[26] Up to 15% of patients with ICH will show an underlying vascular etiology on
CTA, potentially changing acute management[27]. Finally, contrast extravasation seen on
CTA images, also known as a “spot sign,” (Figure 2) is thought to represent ongoing
bleeding and appears to mark those patients at highest risk of hematoma expansion, poor
outcome and mortality.[28–31]

MRI
MRI is equivalent to CT for the detection of acute ICH [32]. The imaging characteristics of
ICH vary with time as the hemoglobin passes through different stages during the
pathological process. In the acute phase, gradient recalled-echo (GRE) imaging techniques
with T2*weighting are the best option to detect the presence of ICH [33]. MRI can also
detect underlying secondary causes of ICH such as tumor and hemorrhagic transformation
of ischemic stroke. Finally, for patients with poor kidney function or contrast allergies, the
cerebral vasculature can be analyzed without contrast using Time-of-Flight MR angiography
(MRA) [34].

Acute management
Airway

Patients with ICH are often unable to protect the airway. Endotracheal intubation may be
necessary but this decision should be balanced against the risk of losing the neurologic
examination. Rapid sequence intubation is typically the preferred approach in the acute
setting. Pretreatment with lidocaine may be considered as it may blunt a rise in intracranial
pressure (ICP) associated with intubation. Paralytic agents include succinylcholine,
rocuronium or vecuronium, and for postintubation sedation, propofol is a reasonable choice
given its short half-life. [35, 36]

Blood Pressure management
Elevated blood pressure (BP) is common in the acute setting after an ICH, and higher BP
levels are associated with hematoma expansion and poor prognosis. However, it is not clear
that reducing blood pressure improves outcomes[37]. While lowering BP may reduce the
risk of expansion, it may theoretically also reduce cerebral perfusion. One randomized
clinical trial found that lowering SBP to 140mmHg compared to 180mmHg reduced the risk
of hematoma expansion but had no effect on outcomes[38]. A second trial found that rapid
blood pressure lowering using intravenous Nicardipine appears safe but again showed no
difference in outcomes[39]. Multiple clinical trials are currently ongoing to address this
issue [40–42].

Until these trials clarify the role of BP management on hematoma expansion, expert
guidelines from the American Heart Association/American Stroke Association (AHA/ASA)
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recommend BP treatment as in Table 1. [37] The European Stroke Initiative (EUSI)
guidelines are similar (table 2) [43].

In choosing medications to manage hypertension, intravenous antihypertensives with short
half-lives should be considered as first-line therapy. The AHA recommends considering IV
labetalol, nicardipine, esmolol, enalapril, hydralazine, sodium nitroprusside, or
nitroglycerin[37]. The EUSI recommends IV labetalol, urapidil, sodium nitroprusside,
nitroglycerin, or captopril [43].

Hemostatic therapy
It is tempting to consider that in a patient with ICH, acute hemostatic therapy will provide
benefit. One phase III randomized trial in patients with no underlying coagulopathy found
no clinical benefit from this approach [44]. As a result, current approaches to hemostasis are
focused on correcting any underlying coagulopathies.

Oral anticoagulation—The most common class of agent used for oral anticoagulation is
warfarin. Many authors believe that early action to rapidly correct the coagulopathy may
prevent continued bleeding[45]. A number of therapeutic options are available for warfarin
reversal.

As warfarin inhibits the vitamin K-dependent carboxylation of factors II, VII, IX, and X,
vitamin K is a first line agent to restore these factors. Vitamin K given intravenously lowers
the INR as early as 4 hours, but requires over 24 hours for full effect when used as
monotherapy [46]. Vitamin K infusion at a dose of 5–10 mg should be started promptly and
given slowly over 30 minutes.[47, 48]

While awaiting the effect of intravenous vitamin K, coagulation factors should be infused
emergently. Fresh Frozen Plasma (FFP) contains all coagulation factors and is the most
widely available and commonly used agent in the United States [49].Limitations include
adverse events such as allergic reactions, potential transmission of infectious agents and
transfusion-related acute lung injury (TRALI) [50].There is also significant time needed for
its administration in actual practice, including time spent ordering, matching, thawing and
delivering to the ED.[49]The dose of FFP ranges from 10 to 20 ml/kg of body weight. On
average, the volume needed to correct the INR varies from 800–3500 ml, which may impose
a significant volume load[51]. Early administration of coagulation factors maximizes the
opportunity for early INR correction.[52

Prothrombin Complex Concentrates (PCCs) provide an alternate source of coagulation
factors. PCCs contain coagulation factors prepared from pooled plasma. All available PCCs
contain factors II, IX, and X, and some contain relevant amounts of factor VII and proteins
C and S. In the United States there are currently two commercially available PCCs, Bebulin-
VH Factor IX complex (Baxter, Westlake, CA)and Profilnine-SD (GrifolsBiologicals, Los
Angeles, CA)[53]. Many other products are available in other countries, including Octaplex
(Octapharma) and Beriplex (CSL Behring), which include clinically relevant amounts of all
4 vitamin K dependent factors, sometimes termed 4-factor PCCs to differentiate them from
the other 3 factor PCCs [54]. PCC offers several advantages over FFP, including smaller
infusion volume, faster time to INR correction, and lack of need for blood-type matching
[53]. Thromboembolic (TE) events are potential complications of the use of PCC, although
it is not clear that this risk (approximately 1.9%) is any different with FFP [55, 56].

Heparinoids—Heparin-related ICH is relatively rare, and data is sparse regarding
appropriate treatment. One reasonable approach would be to reverse heparin with IV
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protamine sulfate at a dose of 1 to 1.5 mg per 100 units of heparin with a maximum dose of
50 mg [57].

Platelet function—The two major causes of platelet dysfunction are antiplatelet therapy
and thrombocytopenia.

Antiplatelet agents use prior to an ICH is associated with a small increase in mortality,
suggesting an opportunity for intervention.[58] The utility and safety of platelet transfusion
in such patients is unknown, although some laboratory data suggest that such transfusions
may improve platelet activity [59]. Platelet transfusion is therefore considered
investigational by the AHA and is not recommended by the EUSI. The ongoing PATCH
clinical trial will investigate whether platelet transfusions can improve outcome [60].

Additionally, it is not clear whether low platelets contribute to ongoing bleeding or worse
outcome. Pending further data, current AHA recommendations are that patients with a
severe thrombocytopenia should receive platelet transfusion.[37] A specific cutoff is not
clarified; different groups use thresholds between 10,000 and 50,000 per microliter.

Novel antithrombotics—Recently, a number of new agents, such as factor Xa inhibitors
Apixaban and Rivaroxaban and the direct thrombin inhibitor Dabigatran, have become
available for stroke prevention [61–63]. There is no currently known antidote for reversal of
these agents. Specific hemostatic agents such as rFVIIa and PCCs may be considered,
though there is limited data on their use [64, 65]. For those cases related to Dabigatran use, a
recently published expert recommendation states that the drug should be stopped
immediately, supportive and symptomatic treatment should be initiated and, due to its renal
excretion, aggressive diuresis and potential dialysis could be considered[66].

Intracranial pressure management
An increase in the intracranial pressure (ICP) may arise from the presence of intraventricular
hemorrhage (IVH) and subsequent hydrocephalus, or from mass effect from a large
hematoma or perihematomal edema. Currently, there are limited data regarding indications
for ICP monitoring. Current guidelines from the AHA/ASA suggest that patients with a
GCS score of ≤8, those with clinical evidence of transtentorial herniation, or those with
significant IVH or hydrocephalus should be considered for ICP monitoring and treatment
[37]. Cerebral perfusion pressure (CPP) can then be monitored, and recommendations are to
maintain this between 50 to 70 mmHg.[27]

The initial management of elevated ICP should comprise simple measures such as elevation
of the head of the bed, analgesia, and sedation. Medical options for ICP treatment include
mannitol, hypertonic saline (ranging from 3% to 23.4%), and neuromuscular paralysis.[3,
67, 68] Barbiturates can be considered in refractory intracranial hypertension [35]. Although
hyperventilation can produce a rapid decrease in the ICP, its effects are temporary, and its
use should be reserved for impending herniation while awaiting surgical decompression.

Hyperglycemia management
Hyperglycemia measured at arrival in the ED is associated with worse outcome in both non-
diabetic and diabetic patients.[69, 70] Declining glucose values after ICH are associated
with a decreased risk of hematoma expansion and poor outcome, suggesting that early
glucose control may improve outcomes.[45] Early evidence for this intervention comes from
the QASC trial, in which patients with ICH and ischemic stroke were randomized to receive
fever, hyperglycemia, and swallow screening, or not [71]. The intervention (including
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glucose management) lowered mortality and improved outcome. This highlights the need for
careful glycemic control in the early phase.[37]

Temperature
The presence of fever is a common finding in patients with ICH, especially in those with
IVH. Again, data from the QASC trial suggests lower mortality and improved outcome in
those patients receiving fever control as part of a multidisciplinary approach [71]. Those
with fever should undergo a thorough investigation to find a fever source if possible. [37]

Anemia
The presence of anemia is common in patients with ICH. It is present in up to 25% of cases
at admission and is associated with larger hematoma volumes[72]. It also frequently
develops during hospital stay.[73] Although current guidelines do not address this issue, a
recent study found that packed red blood cell (PRBC) transfusion in these patients was
associated with improved survival at 30 days[73]. Therefore, transfusion can be considered
in such patients, although the ideal target hemoglobin level has not been determined.

Antiepileptics
Patients with ICH are at an increased risk of developing seizures; however, most of these
events are subclinical electroencephalographic findings. Seizures are more common in lobar
ICH and during the first 72 hours after admission.[74–76] The majority of patients develop a
single episode of seizure during hospitalization, suggesting that those episodes are related to
the pathophysiological processes that occur early after an ICH.[76] The use of prophylactic
antiepileptic drugs (AEDs) in patients with ICH is a common practice, although it is not
clear that the presence of seizures and/or the use of prophylactic AEDs affect short or long
term outcome.[77, 78] Some studies have in fact reported an association between AEDs and
worse outcome, although these patients were disproportionately exposed to phenytoin as the
AED of choice. [79, 80]

Currently, the AHA/ASA recommends that AEDs should not be used routinely in patients
with ICH. The only clear indications are the presence of clinical seizures or electrographic
seizures in patients with a change in mental status. They also suggest that the use of
continuous electroencephalography (EEG) monitoring should be considered in those patients
with depressed mental status out of proportion to the degree of brain injury.[37]

Surgical interventions
External Ventricular Drain Placement

As described previously, some patients may benefit from ICP monitoring. External
ventricular drain (EVD) placement not only provides the ability to monitor ICP but has the
advantage of allowing therapeutic drainage of the CSF, which is valuable in patients with
hydrocephalus.[81] The AHA recommends that ICP monitoring and treatment be considered
in patients with a GCS score ≤ 8, those with clinical evidence of transtentorial herniation, or
those with significant IVH or hydrocephalus.[82] The EUSI recommends considering
continuous ICP monitoring in patients who need mechanical ventilation and recommend
medical treatment of elevated ICP if clinical deterioration is related to increasing edema.[43]

Intraventricular thrombolysis
IVH occurs when ICH extends into the ventricles. It occurs in approximately 45% of ICH,
more frequently in relatively large and deeply located (caudate nucleus and thalamus)
hemorrhages [83]. The presence and the volume of IVH are correlated with poor prognosis
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in patients with ICH [84]. Although evacuation of an intraventricular clot is currently not
routinely recommended, a recent study comparing the use of intraventricular rtPA to placebo
showed that the use of rtPA was not only feasible and safe, but also showed a significantly
greater rate of blood clot resolution[85]. In addition, a recent meta-analysis found that
adding intraventricular fibrinolysis to EVD placement is associated with better functional
outcome, [86] although no prospective randomized trial has evaluated this. The CLEAR III
study, an ongoing phase III randomized clinical trial was designed to compare the effect on
clinical outcome of the intraventricular use of rtPA compared to placebo (ClinicalTrials.gov
# NCT00784134).

Hematoma evacuation
The role of surgical evacuation is to decrease mass effect related to the presence of blood, as
well as to minimize secondary injury. The only clear recommendation for immediate
surgical intervention is in patients with cerebellar hemorrhages with neurological
deterioration, brainstem compression, and/or hydrocephalus from ventricular obstruction.
[37] For these patients, emergency neurosurgical consultation should be obtained. However,
it is less clear whether patients with supratentorial ICH will benefit. One large phase III
clinical trial, the STICH trial, compared early hematoma evacuation with initial conservative
treatment for patients with spontaneous supratentorial ICH[87]. This study showed no
difference in outcome, suggesting that surgical evacuation provided no benefit. However, a
subsequent subgroup analysis raised the possibility that those with hematomas ≤1 cm from
the cortical surface (which are more easily accessible) might receive benefit [88]. This
possibility is being evaluated in the ongoing STICH II trial [89]. The theoretical idea that
hyperacute evacuation of the hematoma would be beneficial was not borne out when a study
evaluating the effect of surgery within 4 hours was stopped due to a high rate of rebleeding.
[90]

Minimally invasive surgery
The development of less invasive surgical techniques may decrease the risk of surgical
complications. These techniques are showing promising results, particularly in deep
hemorrhages where conventional surgery showed no benefit in the past [91]. Minimally
invasive stereotactic puncture is reported to be safe and feasible and may lead to better long-
term outcome and fewer complications when compared with conventional craniotomy[92]
and conventional medical treatment[93, 94].

Prognosis
Multiple grading scores exist that allow for evidence-based risk stratification in the acute
phase. First, the ICH score predicts 30-day mortality using features such as age, ICH volume
and the presence of IVH, with higher score associated with worse outcome (Table 3) [95].
Second, the FUNC score (FUNCtional outcome risk stratification) predicts functional
independence rather than mortality at 90-days (table 4) [96].The higher the FUNC score, the
greater the chance of the patient recovering functional independence.

There is some data that poor prognosis can lead to self-fulfilling prophecies of early death.
Limiting care via early do not resuscitate (DNR) orders, withdrawal of care, or deferral of
other life sustaining interventions is independently associated with both short- and long-term
mortality after ICH, after controlling for clinical markers of disease severity, even in patients
who do not specifically require defibrillation [97]. As such, new DNR orders or withdrawal
of care are generally not recommended in the ED. The AHA recommends aggressive full
care early after ICH onset with postponement of new DNR orders until at least the second
full day of hospitalization [37].
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Subarachnoid Hemorrhage
Subarachnoid hemorrhage (SAH) is defined by the extravasation of blood into the
subarachnoid space. The most common cause of SAH is trauma;amongst the nontraumatic
cases, rupture of an intracranial aneurysm is the leading cause, representing up to 85% of
cases. This review will focus on aneurysmal subarachnoid hemorrhage (SAH).

Epidemiology
The overall incidence of SAH is between 9–20 per 100,000 person-years. SAH is more
frequent in women, and the mean age of presentation is 55 years[98, 99]. In the U.S. the
number of cases of SAH is 30,000 per year[100].

Risk Factors and Prognosis
Major risk factors associated with SAH are current and former history of smoking,
hypertension and excessive alcohol intake[101]. Although one third of cases can be
attributed to a current smoking status, this risk appears to rapidly disappear after a few years
of smoking cessation[102]. Cocaine use is also associated with SAH, and these patients tend
to be younger and have a worse outcome [103, 104]. First degree family history as well as
some genetic conditions including autosomal dominant polycystic kidney disease, Marfan's
syndrome and Ehlers-Danlos syndrome are also associated with an increased risk of
SAH[105].

A recent meta-analysis reported that in a population without comorbidities, the prevalence of
unruptured intracranial aneurysms (UIAs) is 3.2%[106]. Only a small percentage of these
UIAs will rupture and cause an SAH. The risk of rupture is increased in cases of previous
history of SAH, age older than 60, female gender and Japanese or Finnish descent. In
addition, the risk is greater for aneurysms >10mm and those located in the posterior
circulation.[107–109]

The introduction of surgical treatment options improved the prognosis of patients with SAH.
[110]In a retrospective analysis before the introduction of endovascular treatment of SAH,
the most important factors predicting poor outcome at three months were increasing age,
worse admission grade on the World Federation of Neurological Surgeons (WFNS) grading
scale (Table 6), the development of cerebral infarction and symptomatic vasospasm. Other
factors included greater clot thickness on admission computed tomography (CT) scan,
aneurysm rupture within the posterior circulation, intraventricular and intracerebral
extension of the hematoma and higher systolic blood pressure on admission.[111]Analysis
from the large International Subarachnoid Aneurysm Trial (ISAT)comparing neurosurgical
clipping versus endovascular coiling showed similar results.[112]

Pathophysiology
Aneurysms are more common at the bifurcation of the arteries located on the base of the
brain, especially the large arteries that form the circle of Willis.[113] Hemodynamic factors
that contribute to the formation and growth of aneurysms are wall shear stress (WSS) and
hydrostatic and transmural pressures. High WSS is encountered at the branch points of
cerebral arteries and long-term exposure to this could trigger vessel wall remodeling through
interaction with the endothelium and the secretion of factors such as nitric oxide (NO) and
endothelial growth factors. Hydrostatic and transmural pressures produce a mechanical
stretch of the wall that induces upregulation of certain molecules such as endothelin-1 B
receptors (ETBR) that further affect vascular smooth muscle cells by promoting apoptosis.
[114] Although the mechanism of formation and growth of aneurysms is now partially
understood, it is still unclear what leads to aneurysmal rupture.
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Clinical Presentation
The characteristic complaint of patients with SAH is a severe headache of acute onset. This
headache is commonly described as being “the worst headache of my life” and with the
highest intensity at onset. Although it is frequently accompanied by other symptoms,
headache can be the only complaint in up to 40% of patients. [115] Recently, a prospective
study found that the following clinical characteristics represent the highest risk of belonging
to a case of SAH: age>40 years, associated neck pain or stiffness, witnessed loss of
consciousness, onset with exertion, vomiting, arrival by ambulance, and blood pressure
above 160/100.[116]

A subgroup of patients develops “warning signs” before the index SAH. The most common
warning sign is again headache, which is of moderate intensity and less severe than those
described in SAH. This is commonly referred to as “sentinel headache” or “warning leak”
and may be associated with a small leakage of blood into the subarachnoid space or a small
bleed into the aneurysmal wall. A thorough evaluation is warranted in these cases, since an
SAH can develop up to 110 days later.[117, 118]

Physical examination may demonstrate neck stiffness and meningismus. [119]Although not
specific, funduscopic evaluation may reveal subhyaloid, vitreous or intraretinal hemorrhage
(which are known as Terson's syndrome) which is associated with higher mortality[120].
These eye findings may be found with any intracranial bleeding and are believed to be
associated with sudden increase in intracranial pressure. Focal neurological deficits may also
be found, and can be related to nerve compression by the aneurysm, intraparenchymal
extension of the bleeding, or vasospasm (which typically occurs later in the course).

Diagnosis
Up to 1 in 20 SAH patients are missed during initial evaluation[121]. A high index of
suspicion and a low threshold for performing diagnostic studies are key factors in making
the diagnosis of SAH.

The gold standard diagnostic approach has been to initially perform a non-contrast CT scan
of the brain followed by a lumbar puncture (LP) and analysis of the cerebrospinal fluid
(CSF) when the CT is negative. Recently, however, some groups have suggested that current
generation multislice CT scanners, as well as the availability of CT angiography in the acute
setting, may offer opportunities to selectively defer LP.[122][123].

Computed Tomography
When there is clinical suspicion of SAH, the initial test of choice is a noncontrast CT scan.
The sensitivity of the CT scan to detect SAH is maximal within the first 24 hours after the
bleed and then decreases with time. The volume of blood in the subarachnoid space and the
resolution of the scanner also influence the CT detection rate[124]. In fact, a recent
multicenter prospective study of 3132 patients found that of those undergoing current
generation CT within 6 hours of symptom onset, the sensitivity was 100% (95% confidence
interval, 97–100%) with a negative predictive value of 100% (95% confidence interval,
99.5%–100%)[123]. Noncontrast CT also provides information regarding the volume of
blood, extension to the cerebral parenchyma, the presence of hydrocephalus and the
potential location of the aneurysm. Blood located in the interhemispheric fissure and the
surrounding sulci has high probability of coming from an anterior cerebral or anterior
communicating artery aneurysm, while blood in the posterior aspect of the Sylvian fissure is
probably related to a middle cerebral artery aneurysm. (Figure 3)[124–126]
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CT Angiography
CTA is a fast, noninvasive and readily available method to screen for the presence of
aneurysm [127]. A recent meta-analysis showed that CTA has a pooled sensitivity of ~98%
to detect aneurysm with sensitivities ranging from 86 to 100% [128]. Aneurysm detection
rates are related to the experience of the reviewer and aneurysmal size. Pooled specificity of
CTA in this analysis reached 100% with a range of 50 – 100% [128]. Also, three
dimensional CTA may be as sensitive and specific as digital subtraction angiography
(DSA)for the detection of aneurysms (Figure 4) [129]. As a result, patients with a negative
CT/CTA have a less than 1% likelihood of aneurysmal SAH[130]. The Neurocritical Care
Society recommends preferential use of CTA as an exploratory approach when it is readily
available and of high technical quality over DSA if an immediate intervention is not
planned[131].

Lumbar Puncture
Lumbar Puncture (LP) is considered effectively 100% sensitive for detection of blood in the
subarachnoid space, and it is recommended in all patients undergoing a workup for SAH
with a negative CT[132–134]. CSF characteristics of SAH include an elevated opening
pressure, presence of erythrocytes or red blood cells (RBCs), and xanthochromia. CSF
should be visually inspected for the presence of xanthochromia, a term that refers to the
yellow aspect of the CSF attributable to the formation of bilirubin from the breakdown of
hemoglobin in the CSF [135].

Special consideration should be given to the use of spectrophotometry in CSF analysis for
the detection of bilirubin. The use of this technique is strongly advocated in the United
Kingdom (UK), where the rate of visual assessment of the cerebrospinal fluid fell to 6%,
while the use of spectrophotometry rose to 94% in recent years[136]. This method has been
shown to have ~ 100% sensitivity for the detection of bilirubin in patients with SAH, but
with a low specificity [137, 138]. In the United States however, the majority of centers use
visual inspection instead[139]. Some authors recommend spectrophotometry if available in
those cases where visual inspection yields doubtful results [140].

Digital Subtraction Angiography
Digital subtraction angiography (DSA) allows for direct visualization of the cerebral
vasculature and remains the gold standard for detecting aneurysms. This diagnostic tool
requires a dedicated neurointerventional team and provides an opportunity for therapeutic
interventions as well as diagnosis.

MRI
MRI is rarely used to diagnose SAH in the ED as availability is limited, and logistical
barriers to its use are much higher than with CT. Blood is not easily detectable in T1-
weighted and T2-weighted MRI sequences in the acute setting likely because the generation
of deoxyhemoglobin with paramagnetic properties is delayed in the subarachnoid
space[141]. However, the sensitivity of fluid attenuation inversion recovery (FLAIR)
sequences is comparable to that of the CT in the acute phase of an SAH, and potentially
superior in the subacute phase[142, 143].
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Emergency Management
Airway management

The initial management of an SAH does not differ from other medical emergencies, and
airway management is similar to that described previously for ICH.

Neurological exam
During the initial evaluation, a neurological exam should be performed and documented.
Clinical grading scales that mark the severity of SAH include the Hunt and Hess scale (table
5) and the World Federation of Neurological Surgeons (WFNS) grading scale (Table 6). The
Hunt and Hess scale was originally designed to evaluate the operative risk of patients and to
aid at deciding the best timing for neurosurgical intervention[144], but it is now widely
known and accepted as a predictor of outcome. It is based on the level of severity of clinical
signs with a correlation with poor outcome with a higher grade. The WFNS grading scale
uses the GCS score and group them into five grades but also takes into account the presence
of a motor neurological deficit. Although widely used as predictors of outcome, their value
has been challenged by a recent review[145].

Medical Management
Blood pressure management

When considering an optimal BP goal, an appropriate balance should be maintained.
Hypotension may theoretically increase the risk of ischemia, while elevated BP raises the
concern for aneurysmal rupture and rebleeding. Current guidelines recommend that
hypotension should be avoided and that treatment of hypertension should be initiated until
the aneurysm is secure only with extreme BP values when the MAP is >110 mm Hg aiming
at maintaining a good cerebral perfusion pressure (CPP). The recommended agents to lower
BP are nicardipine, labetalol and esmolol[131, 147].

Seizure prophylaxis
To date, no randomized controlled trial has evaluated the benefits of the prophylactic use of
AEDs in patients with SAH. The incidence of seizure varies extensively in the literature
[148]. Risk factors for the development of onset seizures include poor Hunt and Hess score,
acute hydrocephalus, cerebral ischemia and large volume of subarachnoid blood[131, 149,
150].

Non-convulsive seizures and non-convulsive status epilepticus may occur after SAH,
leading clinicians to recommend continuous electroencephalogram (cEEG) monitoring in
poor Hunt and Hess grade patients[151]. Current guidelines recommend considering the use
of routine AEDs especially in patients at higher risk, and using an alternative to phenytoin
which has been linked to a poor prognosis[131]. Commonly used agents include
levetiracetam, valproate, and fosphenytoin (it is unclear whether this shares the same
possible negative effects as phenytoin).

Glycemic control
Both elevated and low glucose levels are associated with worse outcome after SAH.
Hypoglycemia is associated with vasospasm, infarction and more disability at 3
months.Hyperglycemia on admission and during hospitalization is also associated with poor
outcome and short-term mortality[152–154]. Although a specific target glucose level has not
been established, it is currently recommended to avoid hypoglycemia (serum glucose <80
mg/dl) and maintain maximum values below 200 mg/dl[131].
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Temperature
Fever is common after SAH. Fever at admission as well as its presence during
hospitalization are associated with poor outcome [155]. A possible infectious etiology
should always be investigated, although this is uncommon during initial presentation.
Medical and physical interventions can be used as therapeutic measures to reduce fever.
Currently, it is recommended to initiate therapy with antipyretic agents, such as
acetaminophen when fever is present [131]. Physical surface or intravascular cooling
devices should be used only when antipyretics fail and close monitoring and treatment of
shivering should be started[131].

Vasospasm and Delayed Cerebral Ischemia
Vasospasm and delayed cerebral ischemia (DCI) are deadly complications of SAH
associated with poor outcome. Angiographic vasospasm occurs in up to 70% of cases[156].
Symptomatic vasospasm, associated with new focal neurological findings and/or
deterioration in the level of consciousness, occurs in approximately 30% of cases[157]. DCI
can occur days after the index SAH and can lead to neurological deterioration and focal
neurological deficits[158]. One preventive measure is the use of oral nimodipine (60 mg by
mouth or nasogastric tube (NGT) every 4 hours for 21 days) and should be initiated soon
after diagnosis of SAH[159]. Once vasospasm occurs, a range of medical and interventional
therapies are available to maintain adequate cerebral perfusion [131]. One recognized
therapy is the “triple-H therapy”, characterized by hypervolemia through volume expansion,
hypertension with BP augmentation, and hemodilution aimed at reducing blood viscosity
[160]. Currently, the Neurocritical Care Society recommends that euvolemia be pursued and
that the routine use of hemodilution should be reserved for cases of erythrocythemia[131].
For BP augmentation, a stepwise approach is recommended and an SBP goal of >160
mmHg or a MAP > 120 mmHg is a reasonable approach [131, 161].

Aneurysm repair
Patients with SAH require emergency neurosurgical and/or endovascular consultation. There
are currently at least two options for the acute treatment of a ruptured aneurysm:
endovascular coiling or surgical clipping. Treatment of a recently ruptured aneurysm
reduces the rate of rebleeding, and the benefit is related to the time to treatment
initiation[162]. Current guidelines recommend that surgical clipping or endovascular coiling
should be performed to reduce the rate of rebleeding after aneurysmal SAH, and these
procedures should be performed early in the disease course. [131, 147]

The selection of the most appropriate intervention depends on a range of characteristics
including age, clinical status and medical comorbidities. Aneurysm characteristics, such as
location, shape, and size, are taken into consideration as well, which highlights the value of
a specialized multidisciplinary group to provide care and decision-making. Some expert
consensus groups recommend that SAH be preferentially managed at high volume centers
(defined as those centers with greater than 60 cases of SAH per year)[131].
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Figure 1.
ABC/2 Technique
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Figure 2.
Computed Tomography (CT) and CT angiography of acute intracerebral hemorrhage. (A)
Noncontrast CT shows a right thalamic intracerebral hemorrhage (24mL) with associated
intraventricular hemorrhage (6mL). (B) CT angriography demonstrates 3 foci of contrast
(spot signs) within the intracerebral hemorrhage (arrowheads) (C). Delayed CT angiography
shows increased volume and changed morphology of the spot signs (arrowheads). (D)
Noncontrast CT after 8 hours demonstrates expansion of the intracerebral hemorrhage
(94ml) and intraventricular hemorrhage (82 mL). (Reproduced from [32])
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Figure 3.
Subarachnoid Hemorrhage in the left Sylvian fissure, sulci of the left hemisphere, and along
the left and central aspect of the suprasellar cistern, left ambient cistern, and
interpenduncular cistern.
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Figure 4.
3D reconstruction CTA on the same patient from Figure 3. An aneurysmal sac is appreciated
at the distal M1 segment of the left middle cerebral artery (MCA)
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Table 1

Recommended Guidelines from the AHA/ASA for Treating Elevated BP in Spontaneous ICH

1 If SBP is >200 mm Hg or MAP is >150 mm Hg, then consider aggressive reduction of BP with continuous intravenous infusion,
with frequent BP monitoring every 5 min.

2 If SBP is >180 mm Hg or MAP is >130 mm Hg and there is the possibility of elevated ICP, then consider monitoring ICP and
reducing BP using intermittent or continuous intravenous medications while maintaining a cerebral perfusion pressure ≥60 mm Hg.

3 If SBP is >180 mm Hg or MAP is >130 mm Hg and there is no evidence of elevated ICP, then consider a modest reduction of BP
(e.g., MAP of 110 mm Hg or target BP of 160/90 mm Hg) using intermittent or continuous intravenous medications to control BP
and clinically reexamine the patient every 15 min.

SBP indicates systolic blood pressure;

MAP, mean arterial pressure. AHA/ASA, American Heart Association/American Stroke Association.

Adapted from [37]
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Table 2

Recommendations from EUSI for blood pressure management in ICH.

Previous history of HTN Gradually reduce MAP to <120 but >84 mm Hg; avoid a reduction of >20%.

BP limit is <180/105 mm Hg, if treatment is necessary target should be <160/100 mm Hg.

No history of HTN Reduce MAP to 110 mm Hg.

BP limit is <160/95 mm Hg, if treatment is necessary target should be <150/90 mm Hg.

When increased ICP is present Adapt MAP and BP limits to target a CPP of 60–70 mm Hg.

EUSI guidelines for the management of blood pressure.

HTN= hypertension; MAP: mean arterial pressure; BP: blood pressure; ICP: intracranial pressure; CPP: cerebral perfusion pressure.

Adapted from [43].
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Table 3

Component ICH score points

GCS score

 3–4 2

 5–12 1

 13–15 0

ICH volume in cm3

 ≥30 1

 <30 0

IVH

 Yes 1

 No 0

Infratentorial origin of ICH

 Yes 1

 No 0

Age in years

 ≥80 1

 <80 0

ICH score, extracted from [95]
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Table 4

Component FUNC Score Points

ICH volume, cm3

 <30 4

 30–60 2

 >60 0.

Age, years

 <70 2

 70–79 1

 ≥80 0

ICH location

 Lobar 2

 Deep 1

 Infratentorial 0

GCS score

 ≥9 2

 ≤8 0

Pre-ICH cognitive impairment

 No 1

 Yes 0

Total FUNC score 0–11

FUNC score, extracted from [96].
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Table 5

Hunt and Hess grading scale

Grade Criteria

1 Asymptomaticor minimal headacheand slight nuchal rigidity

2 Moderate to severe headache, nuchalrigidity, no neurological deficit other than cranial nerve palsy

3 Drowsiness, confusion, or mild focal neurologic deficit

4 Stupor, moderate to severe hemiparesis,possibly early decerebrate rigidity

5 Deep coma, decerebrate rigidity

Adapted from [144]
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Table 6

World Federation of Neurological Surgeons grading scale

WFNS Grade GCS Motor Deficit

1 15 Absent

2 13 to 14 Absent

3 13 to 14 Present

4 7 to 12 Present or absent

5 3 to 6 Present or absent

Extracted from [146]
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