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Subarachnoid Hemorrhage  
and Intracranial Hemorrhage

Introduction
Spontaneous subarachnoid hemorrhage (SAH) and intracranial hemor-

rhage (ICH) are devastating diseases with significant mortality. For those who 
survive, long-term disability often is severe. The emergency physician almost 
exclusively will be the first doctor to lay eyes and hands on these patients. As 
with many other critical diagnoses, time is of the essence in management of 
ICH and SAH. The longer it takes to make the diagnosis and initiate treat-
ment, whether it is surgical intervention or simply aggressive primary stabiliza-
tion, the greater the risk to the patient regarding both morbidity and mortality. 
Identifying SAH poses additional challenges when a young and previously 
healthy patient appears with new-onset headache (or more challenging still, 
a “different” headache in a patient with chronic cephalalgia). Management of 
bleeding is complicated by the increasing number of patients taking anticoagu-
lation, especially the direct-acting oral anticoagulants (DOACs), whose reversal 
remains challenging.

Subarachnoid Hemorrhage

Epidemiology

The epidemiology of spontaneous SAH is hard to establish because of varia-
tions in its presentation in patients of differing ethnicities and gender. In the 
United States, recent estimates of SAH demonstrate an incidence of 10-15 
cases per 100,000 people, which is larger than previous estimates of six to 
eight per 100,000 in 2013. This extrapolates to a rough total of 30,000 people 
experiencing SAH annually. Rates are variable between populations; Japan and 
Finland have an estimated incidence of 22.7 and 19.7 per 100,000, respec-
tively.1,2,3 Researchers have theorized that the higher incidence of SAH in 
Japan potentially is the result of the relatively older age of the Japanese popu-
lation, higher rates of smoking, and genetic factors. The observed increase in 
SAH in the United States could be tied to the country’s aging population, with 
the highest incidence seen in patients younger than 25 years of age and those 
85 years of age or older. Females have a higher incidence overall than males in 
the general population.3,4

Pathophysiology

Nontraumatic spontaneous SAH often is due to an underlying structural 
pathology, with approximately 85% caused by aneurysms. Other causes of 
spontaneous SAH include moyamoya disease, vasculitides, amyloid angiopathy, 
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EXECUTIVE SUMMARY
 z The 16-slice or better computed tomography (CT) scan has 

virtually 100% sensitivity for subarachnoid hemorrhage if 
imaged within six hours after symptom onset.

 z For patients presenting six hours after symptom onset with a 
normal noncontrast CT scan, lumbar puncture or CT angiog-
raphy are acceptable techniques for further investigation in 
those at risk for subarachnoid hemorrhage.

 z Risk factors for spontaneous intracranial hemorrhage include 
hypertension and cerebral amyloid angiopathy.

 z For patients with subarachnoid hemorrhage or intracranial 
hemorrhage, supportive therapy with sedation, ventilatory 
support, prevention of hypotension, hypoxia, and hypoglyce-
mia is important.

 z Reversal of anticoagulant agents or antiplatelet agents should 
be discussed with a neurologist, as there is no strong evidence 
that such therapy increases functional outcomes.

arteriovenous malformations, arterial 
dissection, and cerebral venous throm-
bosis.5,6 There is an increased incidence 
of cerebral aneurysms in patients with 
sickle cell disease and autosomal domi-
nant polycystic kidney disease. 

Nonaneurysmal SAH is much less 
common. Included in this category is 
perimesencephalic SAH, in which blood 
is present in the cisterns around the 
brainstem and there is no overt evidence 
of an aneurysm or structural pathology. 
This type of SAH has a much better 
prognosis. Patients often survive the 
initial insult and have improved neuro-
logic and functional outcomes relative 
to aneurysmal SAH patients.6

There are several well-known modifi-
able risk factors for SAH. Cigarette 
smoking is strongly linked, with an 
associated pooled relative risk of 2-7. 
Hypertension leads to a 2.5 times 
increased risk of SAH. Excessive alco-
hol consumption (defined as > 150 g/
week) increases risk by approximately 
two-fold.1,7 Of note, these modifi-
able risk factors lead to a measurably 
increased risk of disease in females 
relative to their male counterparts. As 
the population continues to age, the 
increased use of anticoagulants and 
antiplatelet agents is associated with 
increased risk for spontaneous SAH.8,9

Presenting Features

The presentation of SAH varies 
according to the amount of bleed-
ing and its effect on the brain. Some 
patients present with an isolated head-
ache; diagnosis in this group can be 
challenging. In patients with sudden, 
severe, and persistent neurologic depres-
sion, the presence of an intracranial 
catastrophe is obvious, and diagnosis 
is made more readily. Sentinel bleeds 

describe small leaks from aneurysms 
that precede overt rupture. Patients 
present with a headache, appear clini-
cally well, and the symptoms often 
spontaneously resolve, allowing the 
underlying pathology of early aneurys-
mal bleeding to be easily missed. On 
subsequent presentation, patients may 
have a devastating bleed and significant 
neurologic insult. The sentinel bleed 
usually precedes overt SAH by one to 
three weeks.6,10

Studies evaluating the incidence 
of sentinel bleeding and headache 
vary widely in their conclusions, with 
prevalence ranging from as little as 
11% to as high as 60%.4,11 There is 
likely a strong element of recall bias at 
play here; patients who end up being 
diagnosed with SAH may recall such a 
headache more readily. Most studies do 
not stratify incidence of sentinel bleeds 
based on gender, ethnicity, or age. There 
is a lower incidence of sentinel bleeds 
in elderly patients, theoretically because 
of age-related cerebral atrophy and con-
comitant enlargement of the subarach-
noid space that could accommodate an 
increase in pressure without symptoms.4

The emergency physician should 
inquire about the onset and duration 
of headaches when patients present 
with them. Key features that increase 
the likelihood of SAH include head-
ache reaching maximal intensity within 
one hour, neck stiffness, and loss of 
consciousness. Patients should be ques-
tioned to assess whether the headache 
is similar or dissimilar to previous head-
aches. Other concerning aspects include 
focal neurologic deficit and a headache 
combined with a decreased Glasgow 
Coma Scale (GCS) score. 

Although asking patients if this is 
“the worst headache of your life” or 

describing a “thunderclap” headache still 
is common, the clinical utility in deter-
mining who requires further workup 
is limited. Studies have demonstrated 
wide confidence intervals, poor inter-
rater reliability, and little evidence that 
a positive response actually will increase 
post-test probability of an SAH.12 

The Ottawa Subarachnoid 
Hemorrhage Rule was developed to 
help differentiate SAH from more 
frequently encountered causes of head-
aches. It considers patient age, rapidity 
of headache onset, association with 
exertion, and associated neck pain/stiff-
ness and witnessed loss of conscious-
ness. Inclusion criteria for using the 
Ottawa Subarachnoid Hemorrhage 
Rule are alert patients ≥ 15 years of 
age with new severe atraumatic head-
ache that reached maximum intensity 
within one hour. This rule is not valid 
for patients with new neurologic defi-
cits, prior aneurysm, prior SAH, known 
brain tumors, or chronic recurrent head-
aches (three or more headaches of the 
same character and intensity for more 
than six months). (See Table 1.)

In appropriate patients, the Ottawa 
Subarachnoid Hemorrhage Rule essen-
tially has 100% sensitivity, so patients 
who have none of the six criteria can be 
considered to have spontaneous SAH 
ruled out.13,14

To add to the diagnostic complexity, 
patients with chronic migraines (some 
12% of the population) may present 
with headache symptoms that mimic 
those of SAH. Complex migraines can 
present with focal neurologic deficits 
along with marked elevation in blood 
pressure, nausea, vomiting, and photo-
phobia or phonophobia. It is important 
to evaluate and document the charac-
ter and features of patients’ headaches 
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closely to avoid misdiagnosis of SAH 
as a complex migraine, especially in 
patients with a history of frequent 
migraine headaches. Given the range of 
stroke subtypes, avoid diagnosing any 
patients with a complex migraine if they 
have not had one previously.6

Physical examination findings con-
sistent with SAH include the pres-
ence of focal neurologic deficits and 
meningeal symptoms (i.e., inability to 
flex the neck). Much like with histori-
cal findings, research has shown that 
the interphysician interpretation and 
documentation of findings such as neck 
rigidity are highly variable, and incon-
sistencies in grading such symptoms 
make systematic review difficult. Studies 
have failed to identify clinical features 
that have adequate predictive value for 
SAH; no single feature can include or 
exclude the diagnosis.6,12,13 

SAH may cause sudden collapse 
and cardiac arrest, and both rescuers 
and treating physicians are likely to 
seek a primary cardiac etiology rather 
than consider a neurologic etiology. In 
patients with witnessed out-of-hospital 
cardiac arrests, features suggestive of 
SAH include sudden headache before 
collapse, an initial rhythm other than 
ventricular fibrillation, female gender, 
and normal serum cardiac troponin.15

Electrocardiogram (ECG) changes 
in relation to cerebral insult have been 
well-described. The mechanism behind 
the ECG findings is likely due to cere-
bral arteriolar spasm near the hypothal-
amus, which, via a feedback loop, causes 
sympathetic stimulation of the heart.16 
The presence of ECG abnormalities also 
is linked strongly to the development of 
neurogenic pulmonary edema (NPE). 
NPE has a well-known association with 
SAH and its occurrence portends a poor 
outcome. Risk of NPE is linked to the 
severity of disease and of neurologic 
deficits, and to a history of diabetes. 

Persistent hyperglycemia after SAH 
is an independent predictor for poor 
clinical outcomes.17,18 It is believed that 
hyperglycemia seen after SAH likely 
is multifactorial, in large part because 
of the direct effects of catecholamine 
release, and then worsened by catechol-
amine and cortisol’s role in enhancing 
insulin resistance. There is no evidence 
that treating the hyperglycemia with 

insulin is beneficial. Equally concern-
ing, there is evidence that, in general, 
SAH patients and critically ill patients 
fare poorly when they become hypogly-
cemic, creating an additional concern 
of overshoot when attempting to treat 
hyperglycemia.19 

Diagnosis and Imaging

Headache is one of the most com-
mon chief complaints of patients pre-
senting to the emergency department 
(ED), accounting for more than 3 
million visits annually. Roughly 27,000 
to 30,000 cases of SAH are seen annu-
ally, making this a not-uncommon 
event, but one hidden among a vast 
number of headaches, most of which 
are benign. Given the prevalence of 
the complaint of headache and the 
relatively small number that actually 
are due to a life-threatening etiology, 
it is easy for the physician to fail to 
diagnose SAH as a potential cause. As 
a result, approximately 5% of the time, 
SAH is misdiagnosed during the initial 
ED visit. The younger average age of 
patients who experience SAH/hemor-
rhagic strokes also may lead to delayed 
diagnoses, given the lower overall 
incidence.12,20

Radiographically, SAH is detected 
best within the first few hours of bleed-
ing. (See Figure 1.) Diagnostic accuracy 
begins to decline once the hyperdense 
blood appears more similar to surround-
ing cerebral cortex because of the nor-
mal flow of cerebrospinal fluid (CSF).  

There are significant implications 
when SAH is not diagnosed on the ini-
tial visit, with an increased risk for death 
at three and 12 months (unadjusted 
odds ratio of 3.4 and 4.7, respectively) 
compared to patients diagnosed on the 
initial visit.20

To avoid missing an SAH, lumbar 
puncture (LP) has been adopted as 
the follow-up to a negative CT scan. 
Unfortunately, LPs come with their own 
host of complications. Post-LP head-
ache is a well-known complication of 
the procedure and, although relatively 
benign in nature, it becomes a more 
worrisome and potentially complicat-
ing factor when SAH is suspected. It is 
worth noting that many of the studies 
that had demonstrated substandard 
detection of SAH on isolated CT scan 
were performed 10 or more years ago. 
The evolution of the CT scanner to 
include 32/64 slices, high resolution 
(also called thin-section), spectral imag-
ing, and better correction of motion 
artifact has improved diagnostic accu-
racy drastically.6,12,20 In a meta-analysis 
of five studies using the 16-slice or 
greater CT scan, the sensitivity for 
detecting SAH within six hours after 
symptom onset was 98.7% (95% con-
fidence interval [CI], 97.1-99.4%) in 
a neurologically normal patient with 
thunderclap headache presentation 
and a clear time of onset.21 Regardless 
of the CT protocol, it still generally 
is accepted that the time from symp-
tom onset reduces CT sensitivity, and 

Table 1. Key Considerations in the Management  
of Suspected Subarachnoid Hemorrhage

• In patients with acute onset of headache, use Ottawa Subarachnoid 
    Hemorrhage Rule to determine if further workup is needed.
• If workup is indicated, obtain a high-quality computed tomography (CT) scan 
    as soon as possible, ensuring it is read by an experienced neuroradiologist 
    whenever possible.
• If the above parameters are met and CT is obtained within six hours of 
    headache onset, no further acute workup for subarachnoid hemorrhage is 
    indicated.
• If the patient is outside the six-hour window and CT is negative, strongly 
    consider obtaining a lumbar puncture or CT angiogram.
• When subarachnoid hemorrhage is diagnosed:
       – Use titratable calcium channel blocker or beta-blockers to lower systolic 
             blood pressure below 160 mmHg.
       – Initiate rapid reversal of anticoagulation.
       – Obtain neurosurgical consultation as soon as possible.
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that the diagnosis of SAH by CT is 
best performed early, ideally within six 
hours.6,12,13,21,22 

In a single-center study from the 
Netherlands of patients enrolled 
between 2005 and 2012, the sensitiv-
ity of the CT scan was 98.5% (95% CI, 
92.1-100%) when performed within 
six hours and dropped to 90.0% (95% 
CI, 76.3-97.2%) if performed after six 
hours.22

Traditionally, LP is performed as a 
follow-up test when the CT is negative 
but the emergency physician still has a 
high clinical suspicion for SAH. An LP 
is performed to evaluate CSF for the 
presence of red blood cells and xantho-
chromia. The LP may be negative if per-
formed very early (less than two hours) 
after SAH occurs and is most sensitive 
12 hours after symptom onset.23 There 
is no established red blood cell (RBC) 
count that represents a positive tap. 
Additionally, a traumatic tap can com-
plicate interpretation of the test. 

Optimally, LP should be performed 
by the most experienced staff at least 
six hours (and ideally 12 hours) after 
symptom onset. A small (22-gauge) LP 
needle should be used to prevent a sud-
den drop in CSF pressure that theoreti-
cally could trigger aneurysm rupture.24 

To differentiate between a traumatic 
and a positive tap, the first and last tubes 
may be compared, with an expected 
drop in RBC count in a traumatic tap 
and persistent elevation seen in SAH. 
Additionally, the specimen may be spun 

down and assessed for xanthochromia, 
a yellow discoloration caused by the 
breakdown of RBCs and the release of 
heme pigments into the CSF. It takes 
several hours for xanthochromia to 
occur, but it is present in almost all cases 
of SAH at 12 hours post-bleed, hence 
the high sensitivity for LP at that time. 
Spectrophotometry is the most reliable 
way to detect xanthochromia; unfortu-
nately, it is used in as little as 1% of U.S. 
EDs.6,10

The LP may establish an alternative 
diagnosis in a small number (3%) of 
suspected SAH cases, although in the 
emergent setting, it alters the subse-
quent management of the patient in as 
little as 0.44% of cases.12 

Along with a traumatic tap, the risks 
of LP include localized procedural pain, 
infection, and post-LP headache. A 
post-LP headache occurs in approxi-
mately one out of every six LPs, and 
the pain may be greater than that of the 
patient’s presenting headache.12,13,25 

LPs appear to be truly effective 
at finding missed SAH when the 
CT-negative patient’s pre-LP prob-
ability of SAH is 5%, calculating a 
number needed to LP of 250 to find 
one aneurysmal SAH.12 A well-powered 
observational study found a low diag-
nostic yield for CT-negative patients 
who subsequently underwent LP. The 
findings were bolstered by the use of 
spectrophotometric analysis of CSF for 
xanthochromia, which, as noted earlier, 
is rarely used in the United States.26 

A recent editorial published in Stroke 
addressed the question of whether LP 
is necessary in patients with suspected 
SAH who are CT-negative within six 
hours of headache onset.27 This has 
important implications in the busy ED: 
It potentially could relieve some of the 
burden on busy emergency physicians 
and could reduce risks to patients of 
potential infection, localized pain, and 
post-LP headache. There were multiple 
caveats if the LP is to be skipped: The 
less than six-hour timeline must be 
followed strictly; this only applies to 
patients presenting with headache, not 
dizziness, nausea, neurologic deficits, or 
other symptoms; and the CT must be 
read by an experienced neuroradiolo-
gist. Because of a large drop in sensitiv-
ity, emergency physicians still should 

consider obtaining an LP beyond six 
hours. 

CT angiography (CTA) has gained 
popularity in recent years for its ability to 
detect small arterial pathology, including 
carotid dissections and intracranial aneu-
rysms. CTA recently has been demon-
strated to offer a pooled sensitivity of 98% 
and pooled specificity of 100% for the 
detection of aneurysm, with a miss rate of 
less than 1%.6,10 One possible approach 
to the patient presenting with concern 
for SAH is to obtain both a CT and a 
CTA. A drawback to this approach is that 
it is not possible to differentiate between 
bleeding and non-bleeding aneurysms 
on CTA. If the approach is to obtain a 
CTA in all possible SAH patients, emer-
gency physicians eventually will uncover 
small, incidental aneurysms that may be 
unrelated to the patients’ symptoms. This 
creates a number of problems, includ-
ing additional downstream testing and 
possible unnecessary surgery, as well as 
significant anxiety for the patients and 
their families. Some argue that finding 
any aneurysm is prudent in the prevention 
of SAH, as demonstrated by studies of 
patients with SAH in which 47-48% were 
less than 5 mm.28 

Unfortunately, there are no strong 
comparative studies demonstrating 
superiority of CT/LP vs. CTA in 
the diagnosis of SAH. As discussed 
earlier, in the right patient present-
ing with a sudden onset of headache 
of less than six hours, a negative 
high-quality CT read by a qualified 
radiologist can be considered suf-
ficient and testing can stop at that 
point. LP or CTA should be reserved 
for patients outside of the window or 
in whom pretest probability is high 
(strong family history, prior aneurysm 
or bleeding, etc.). Finding an aneu-
rysm in a patient with high pretest 
probability of SAH should elicit 
consultation with neurosurgery. CT/
CTA might be a reasonable approach 
in patients who are poor candidates 
for LP or who refuse the procedure 
and have a high pretest probability 
for SAH. As noted, the presence of 
an aneurysm does not confirm that 
the emergency physician has found 
the source of the headache and will 
require consultation for further evalu-
ation in the hospital. 

Figure 1. Subarachnoid 
Hemorrhage

Image courtesy of J. Stephan Stapczynski, MD
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Acute Interventions

The primary goals in the manage-
ment of patients with SAH are rapid 
stabilization, limitation of the effects of 
bleeding on the surrounding brain tis-
sue, and the prevention of rebleeding, 
which is associated with poor neurologic 
outcomes. In early evaluation of patients 
presenting with suspected SAH, the 
primary focus is on the ABCs (airway, 
breathing, circulation), and emergency 
physicians should determine the need 
to intubate quickly. Prior to intubation, 
emergency physicians should optimize 
blood pressure and pre-oxygenation. 
Both profound hypotension and hyper-
tension can worsen secondary injury, 
and physicians should use medications 
with which they are familiar to ensure 
adequate sedation while simultaneously 
not causing hypotension. In efforts to 
preserve the neurologic examination, 
medications with short half-lives, such 
as fentanyl and low doses of opioids, are 
preferred as sedative agents to optimize 
intubating conditions and minimize 
patient agitation. When possible, the 
most experienced physician should per-
form the intubation to limit multiple 
passes that can lead to hypoxia and sec-
ondary brain injury.29

The patient’s baseline GCS should 
be calculated to allow for tracking of 
neurologic status and to be used as a 
guide for potential surgical manage-
ment. In addition, SAH severity can be 
rated using the Hunt and Hess scale 
(or similarly, the World Federation of 
Neurological Surgeons). Like the GCS, 
the Hunt and Hess scale is used by neu-
rosurgeons to predict neurologic out-
comes and guide the need for surgical 
intervention; ideally, the results should 
be calculated prior to administration of 
any sedating medications.30 

Blood pressure management is criti-
cal, as both extremes of hypotension and 
hypertension can compromise cerebral 
perfusion pressure and exacerbate tis-
sue injury. To date, there is no clear 
blood pressure goal, but rather a range 
that often is determined by premorbid 
blood pressure. The American Stroke 
Association’s 2012 guidelines recom-
mend a systolic blood pressure less than 
160 mmHg.31 However, overaggressive 
lowering of blood pressure can lead to 
underperfusion and resultant ischemia. 

Therefore, close monitoring in consulta-
tion with neurospecialists is necessary. 
Placement of an arterial line can help 
drive real-time management of blood 
pressure.

In cases of severely hypertensive 
patients, emergency physicians should 
use agents with predictable titratability 
and pharmacokinetics. Medications 
that fit this metric include labetalol, 
clevidipine, and nicardipine. Given their 
comparative ease of use and predictable 
effects, these three are the preferred 
agents according to American Heart 
Association guidelines.6,31 Nicardipine is 
easily titratable and has a short half-life, 
which can help avoid hypotension, and 
there is solid evidence backing its effi-
cacy in preventing arterial vasospasm. 
Although beta-blockers may promote 
cardioprotective benefits via a decrease 
in the catecholamine surge thought to 
occur with SAH and elevated intracra-
nial pressure (ICP), there is no evidence 
to suggest that beta-blockers be used in 
lieu of calcium channel blockers.32

Patients presenting with SAH who 
are on anticoagulants will need rapid 
reversal. It follows that reversal should 
be accomplished by the most effective 
and rapidly acting therapy. Patients on 
warfarin with a prolonged prothrombin 
time should receive 4-factor prothrom-
bin complex concentrate and vitamin K. 
Reversal of the DOACs in patients with 
SAH has not been well studied, and 
reversal of antiplatelet agents in intra-
cerebral bleeding is controversial. Both 
DOAC and antiplatelet reversal are 
discussed further in the section on ICH; 
the emergency physician should consult 
with the neurointensivist quickly after 
obtaining information on the specific 
DOAC or antiplatelet agent, dosing 
strength, and most recent dose taken.  

In cases in which the neurosur-
gical intervention may be delayed 
because of prolonged transportation 
times, consideration should be given 
to administration of a 1 g dose of 
tranexamic acid (TXA). Matched with 
placebo controls, TXA administration 
decreased early rebleeding and reduced 
mortality. However, TXA is associ-
ated with potential cerebral ischemic 
complications in SAH, and neuro-
surgery should be consulted prior to 
administration.10,33 

Regardless of initial presenting blood 
pressures, arterial vasospasm is a well-
known consequence of subarachnoid 
bleeding and can lead to worsening neu-
rologic outcomes. Vasospasm classically 
occurs three to 10 days after the initial 
bleed.10 Although vasospasm frequently 
is managed in the ICU or on the floor, 
patients with delayed presentations 
(days) of SAH should prompt emer-
gency physicians to begin early treatment 
after consultation with neurospecialists. 
Nimodipine modulates vascular flow 
by preventing the influx of calcium into 
smooth muscle cells and is associated 
with improved outcomes. Routine use of 
nimodipine currently is recommended 
with level IA evidence by the American 
Stroke Association.6 Regimens include 
either oral or NG dosing. 

Although seizures are seen in up to 
one-fourth of patients presenting with 
SAH, routine use of antiepileptic medi-
cations has questionable benefit. Neither 
phenytoin nor levetiracetam has been 
shown to reduce seizures significantly 
in SAH patients when administered 
prophylactically.6,34 Patients who seize 
while in the ED should be managed 
acutely as any patient with a seizure. 
Ensure the ABCs are maintained, start 
with administration of intravenous (IV) 
benzodiazepines, and consider loading 
with an antiepileptic in consultation 
with the neurosurgeon or intensivist. 

Ultimately, SAHs caused by aneu-
rysms are managed definitively with 
clipping/coiling of the lesion. This is 
managed best at high-volume tertiary 
care centers. Thus, early identification of 
SAH by ED physicians should prompt 
interhospital transfer as needed to better 
manage patients with suspected SAH. 
Most experts recommend that surgi-
cal intervention occur within 24 hours 
of symptom onset (of course, this may 
be delayed because of delayed patient 
presentation.) As previously noted, 
consideration should be given to TXA 
administration when transfer may be 
prolonged (12 hours or longer).35

Intracranial Hemorrhage

Epidemiology

Spontaneous ICH makes up only 
10-20% of all strokes. Despite an overall 
decline in incidence of hemorrhagic 
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and ischemic stroke (thought to be the 
result of better control of common risk 
factors for each), the case fatality and 
long-term fatality rates of ICH remain 
relatively unchanged. The incidence 
of ICH is estimated at 24.6 cases per 
100,000 person years, with a case fatal-
ity rate of 40% at one month and 54% 
at one year. Decreases in in-hospital 
and 30-day mortality probably reflect 
improved neurocritical and stroke unit 
care, where there has been improve-
ment in diagnostic and management 
strategies. Still, chances for meaningful 
recovery are grim, with only 12-39% of 
patients achieving long-term functional 
independence.35,36,37

The risk of ICH doubles every decade 
after the age of 35 years, with males 55 
years of age and older at greatest risk. 
The incidence appears to be higher 
among Japanese and Afro-Caribbean 
populations.36

Pathophysiology

Primary spontaneous ICH results 
from the rupture of small blood ves-
sels, most commonly those damaged 
by hypertension or cerebral amyloid 
angiopathy. Hypertension is the most 
common and important risk factor 
for the development of ICH, with 
75% of hemorrhages occurring with 
a background of elevated blood pres-
sure. Effective blood pressure control 
with antihypertensive medications 

has been shown to reduce the risk of 
spontaneous ICH significantly, and 
trends in improved control of hyper-
tension likely account for the overall 
declining incidence of ICH.36,37 Long-
standing hypertension results in dam-
age to perforating arteries deep within 
brain structures, such as the thalamus, 
basal ganglia, and pons, with resultant 
deep hemorrhages that extend into 
the ventricles. Hypertension also is 
linked strongly to the development 
of idiopathic primary intraventricular 
hemorrhage, in which intraventricular 
bleeding occurs without parenchymal 
involvement or evidence of other struc-
tural cerebrovascular abnormalities (see 
Figure 2), accounting for about 3% of all 
ICH cases.38

Cerebral amyloid angiopathy results 
from deposition of beta-amyloid protein 
into the adventitia of cortical perforat-
ing vessels, leading to necrosis of the 
vessel wall and subsequent hemorrhage 
into the cortical and subcortical regions 
of the brain. Cerebral amyloid angi-
opathy is thought to be present in half 
of those older than 90 years of age and 
is the leading cause of lobar hemor-
rhage in people older than 70 years of 
age.35,36 Common risk factors include 
older age, history of ischemic stroke, 
heavy alcohol abuse, and abuse of sym-
pathomimetic drugs such as cocaine and 
methamphetamine. Secondary causes 
of ICH include vascular malformations 
(arteriovenous malformation, cavernous 

hemangiomas, intracranial aneurysms, 
venous sinus thrombosis), hemorrhagic 
conversion of ischemic stroke, coagu-
lopathy, tumors (primary or metastatic), 
and vasculitis.35,36 

Use of anticoagulant medications 
is a risk factor for the development 
of ICH, especially in patients taking 
long-term warfarin or DOACs, with 
patients having a four-fold increase in 
risk for ICH. Concomitant use of aspi-
rin and other antiplatelet medications 
increases the risk slightly, including in 
patients already receiving warfarin.35,36,39 
Additional risk factors for ICH in anti-
coagulated patients include age older 
than 75 years, hypertension, history of 
cerebrovascular disease, and interna-
tional normalized ratio (INR) > 4.0. 

The most common locations for 
ICH are the basal ganglia (see Figure 
3), thalamus, pons, and cerebellum (see 
Figure 4).2 Primary intraventricular 
hemorrhage occurs in approximately 
2-3% of bleeds.38 Lobar hemorrhage is 
seen most often in the occipital lobes, 
followed by the frontal, temporal, and 
parietal lobes. 

Primary brain injury occurs imme-
diately from the rapid spread of the 
hematoma across white matter planes, 
causing direct and rapid tissue destruc-
tion. The next several days to weeks 
confer a risk of secondary injury from 
multiple mechanisms. Hematoma 
expansion commonly continues for 24 
hours after symptom onset because of 
ongoing hemorrhage from the primary 
source, as well as vessel disruption and 

Figure 4. Cerebellar  
Hemorrhage

Image courtesy of J. Stephan Stapczynski, MD

Figure 2. Intraventricular 
Hemorrhage

Image courtesy of J. Stephan Stapczynski, MD

Figure 3. Basal Ganglia 
Hemorrhage

Image courtesy of J. Stephan Stapczynski, MD
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surrounding coagulopathy. The greatest 
risk occurs in the first few hours. 

Perihematoma edema develops early 
and lasts days to weeks, reflective of the 
release of osmotically active serum pro-
teins and other cytotoxic and vasogenic 
mechanisms. Severe edema is associated 
with poor outcomes, even in small-
volume bleeds. Ventricular extension of 
the hematoma or ventricular obstruction 
from displaced brain tissue can cause 
hydrocephalus, which also is associated 
with worse outcomes.35,36

Presenting Features

ICH produces a multitude of pos-
sible presenting features, which are not 
specific for ICH and cannot be dif-
ferentiated from ischemic stroke and 
other neurologic disorders without the 
use of neuroimaging.35 Clinical features 
of ICH may be generalized or location-
dependent. The specific constellation 
of symptoms will depend on the loca-
tion of the bleeding, as well as its effect 
on the surrounding brain tissue. As a 
general rule, ICH at least must be con-
sidered in any case of sudden onset of 
acute neurologic symptoms. 

Generalized features resulting from 
increased intracranial pressure include 
headache, nausea and vomiting, reduced 
level of consciousness, seizures, and 
acute hypertension. Nuchal rigidity 
can occur when blood is present in the 
ventricles and may be seen in idiopathic 
primary intraventricular hemorrhage. 

Location-dependent clinical features 
often are progressive focal neurologi-
cal deficits, peaking during the first 24 
hours because of previously discussed 
secondary mechanisms of injury. 
Supratentorial lesions can result in high 
cortical dysfunction, such as aphasia, 
hemianopia, and neglect. Infratentorial 
lesions result in contralateral motor def-
icits, gaze and cranial nerve abnormali-
ties, or cerebellar dysfunction (ataxia, 
dysmetria).35,36

Although uncommmon, onset (upon 
initial presentation) and early seizures 
(occurring within the first seven days 
of bleeding) can occur in patients with 
ICH. Onset seizures are associated with 
both patient factors (younger age, prior 
ICH) and factors related to the bleed 
(cortical involvement, initial severity of 
neurologic deficits). However, neither 

onset seizures nor early seizures have 
been proven to be independent fac-
tors influencing patient outcomes at six 
months.40

Diagnosis and Imaging

The emergency physician should 
obtain a brief medical history from the 
patient, bystanders, or emergency medi-
cal services (EMS) in an attempt to 
elicit symptoms, time of onset, recent 
trauma, prior ischemic or hemorrhagic 
stroke, and use of oral anticoagulants. 

Neuroimaging remains the hall-
mark of ICH diagnosis and should be 
obtained quickly. Delays in neuroim-
aging are associated with long-term 
mortality.35 The most commonly used 
imaging modalities in the diagnosis and 
management of ICH include CT, mag-
netic resonance imaging (MRI), and 
CT/MR angiography (MRA).

Noncontrast CT remains the imag-
ing study of choice in the early assess-
ment of ICH because of its availability, 
patient tolerability, cost, and scan dura-
tion.41 CT without contrast allows for 
rapid detection, determination of the 
bleed’s location and size, and assess-
ment of the presence of intraventricular 
bleeding. Hemorrhage will appear as an 
interaxial, hyperdense area of consolida-
tion, often with associated mass effect. 
(See Figures 2-4.) The presence of such 
a lesion is 98% sensitive and 100% spe-
cific for acute ICH.35,41 

This appearance will last for several 
days, gradually losing its high attenuation 
signal until it becomes hypoattenuated 
relative to the brain parenchyma. Large 
hematomas and the presence of heterog-
enous attenuation of the hematoma are 
predictors of hematoma expansion. 

The addition of IV contrast also has 
some prognostic value in risk for hema-
toma expansion. The presence of contrast 
extravasation into the hematoma (spot 
sign) with or without the presence of a 
linear density extending from the middle 
cerebral artery into the hematoma and 
toward the spot sign (spot-and-tail sign) 
are predictive for markedly greater risk of 
hematoma expansion and acute neuro-
logic deterioration.35,41,42

Gradient-echo MRI is as sensitive as 
CT in detecting spontaneous ICH, and 
is more accurate in detecting structural 
abnormalities, brain edema, chronic 

bleeding, and herniation. However, in 
the acute setting, MRI is limited by 
patient factors, including depressed level 
of consciousness, airway control, hemo-
dynamic instability, agitation, or metal-
lic implants.36,41

In the emergent setting, CT angiog-
raphy is less invasive and less resource 
intensive than traditional angiography 
and may be useful in detecting causal 
vascular anomalies and aneurysms, with 
a sensitivity 97% and specificity of 98%. 
Direct angiography remains the gold 
standard for vascular lesions and should 
be considered when clinical suspicion 
is high for secondary causes, such as 
in lobar or primary intraventricular 
hemorrhage. 

Younger patients with normal blood 
pressure should be considered strongly 
for either direct angiography or MRI/
MRA because of the increased risk for 
vascular pathology.35 Temporal imag-
ing during direct angiography allows 
for identification of feeding branches 
and drainage pathways of vascular 
malformations and allows for pos-
sible interventional management by 
way of interventional radiology or 
neurosurgery.41 

MRI/MRA in the subacute stage is 
almost as accurate as direct angiography 
in detecting vascular abnormalities and 
can detect other causes of hemorrhage, 
such as cavernoma, malignancy, and 
hemorrhagic transformation of an isch-
emic infarct. 

Delayed intraventricular hemorrhage 
may occur in up to 21% of patients with 
ICH. As a general rule, repeat imag-
ing should be obtained in any patient 
who experiences acute neurologic 
deterioration.35,42

Acute Interventions

Rapid decline is not uncommon 
in patients with ICH, so aggressive 
therapy must be instituted as early as 
possible. Between 15-23% of patients 
have hematoma expansion and neuro-
logical decline in the first several hours 
after presentation, and more than 20% 
of patients experience a decrease of two 
or more points in their GCS after initial 
assessment by EMS. 

The initial focus always must be on 
the ABCs, and protection of the airway 
may need to precede neuroimaging. 
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(See Table 2.) Obtunded or coma-
tose patients or those with impaired 
gag reflex, severe respiratory distress, 
or excessive vomiting should receive 
prompt airway management with rapid 
sequence induction and intubation.35,42 
Ventilatory management is required 
in up to 21% of ICH patients, usually 
because of inability to protect the air-
way, and is associated with high rates of 
in-hospital mortality. 

Acute respiratory distress syndrome 
(ARDS) occurs in about one-fourth 
of ventilated ICH patients, possibly 
because of neurogenic pulmonary 
edema. Traditional management of 
ARDS in these patients must balance 
the potential barotrauma benefits of 
permissive hypoxia/hypercapnia with 
the potential harms of worsening sec-
ondary brain injury, but there is not 
good evidence to break from the most 
recent recommendations of using lower 
tidal volumes to prevent acute lung 
injury.43 

Once the primary survey has been 
completed, fully expose the patient and 
perform a detailed secondary survey 
looking for any focal neurologic deficits 
or traumatic injury, being especially vig-
ilant for injury that may have occurred 
as a result of decreased level of con-
sciousness and prolonged down time.36

Cardiac monitoring should be insti-
tuted and patients should be monitored 
carefully in the ED, especially when 
IV medications are instituted for blood 
pressure control. Electrophysiological 
findings in patients with deep ICH 
include bradydysrhythmias and tachy-
dysrhythmias, ST abnormalities, and 
QT abnormalities, not unlike those seen 
in SAH, as discussed earlier. This is also 
likely from the same mechanism.15,16,44

Elevated blood pressure immediately 
following the onset of ICH has been 
linked to hematoma expansion, acute 
neurologic deterioration, and poor 
outcomes.45,46 Blood pressure manage-
ment has not been shown definitively 
to reduce risks of death or major dis-
ability at 90 days, but may decrease 
hematoma size and improve functional 
outcomes (as defined by improved 
modified Rankin scores at 90 days).47,48 
Controversy arises in the possible 
decrease in cerebral perfusion pressure 
and worsening of secondary injury that 

aggressive blood pressure reduction may 
exacerbate. In patients with rapid reduc-
tion of blood pressure, MRI sometimes 
detects small areas of subacute ischemia. 
This demonstrates how many interven-
tions come at a cost: Aggressive blood 
pressure reduction must be balanced 
with prevention of ischemia.49 

The most recent guidelines from the 
American Heart Association recom-
mend the following: For patients with 
ICH who have a systolic blood pressure 
(SBP) between 150 and 220 mmHg 
and who do not have contraindications 
to acute blood pressure treatment, acute 
lowering of SBP to 140 mmHg is safe 
and can be effective for improving func-
tional outcome. For SBP > 220 mmHg, 
initiate aggressive blood pressure control 
with a continuous and closely moni-
tored IV infusion.50 The guidelines do 
not recommend any specific agent, 
noting that the most commonly used 
medications are beta-blockers (e.g., 
labetalol) and calcium channel blockers 
(e.g., nicardipine). Nitrates are associ-
ated with cerebral vasodilation, impaired 
autoregulation, and increased intracra-
nial pressure and should be avoided. 
Patients must be monitored closely to 
avoid overshoot and maintain cerebral 
perfusion pressure.35

As noted earlier, the use of oral 
anticoagulant medications is associ-
ated with an increased risk of ICH as 
well as worse outcomes. Most bleeds 

occur at therapeutic levels; however, 
overanticoagulation is associated with 
an even greater risk of bleeding and 
complications.51 Current management 
strategies focus on the aggressive correc-
tion of coagulopathy in patients using 
vitamin K antagonists such as warfarin. 
However, there is limited evidence for 
optimal reversal of DOACs or for anti-
platelet agents.50

Reversal of warfarin coagulopathy in 
the setting of ICH is a critical action 
that should be initiated immediately. 
The most common medical options 
for reversal are the use of IV vitamin 
K, fresh frozen plasma (FFP), or pro-
thrombin complex concentrates (PCC). 
IV vitamin K takes more than six hours 
to normalize the INR, and thus should 
be administered as soon as possible in 
conjunction with either FFP or PCC. 
Vitamin K is administered slowly at 
doses of 5 to 10 mg. Patients should 
be monitored carefully for anaphy-
laxis during the infusion.35 A growing 
body of literature supports PCC vs. 
FFP for reversing the effects of warfa-
rin in patients with ICH. Compared 
to FFP, PCC contains higher levels 
of vitamin K-dependent cofactors, 
can be administered more rapidly, 
requires a smaller volume of infusion, 
and reverses the INR more quickly. 
However, PCC is associated with high 
rates of thrombotic complications.51 
Investigators for the International 

Table 2. Key Considerations in the Management  
of Intracerebral Hemorrhage

• In suspected intracerebral hemorrhage, airway stabilization with rapid 
    sequence intubation (RSI) takes precedence over imaging.
• Obtain noncontrast computed tomography as soon as possible.
• Use available, titratable antihypertensives to lower systolic blood pressure to 
    140 mmHg (do not allow the patient to become hypotensive).
• In anticoagulated patients, initiate reversal as soon as possible:
       – Vitamin K antagonists: IV vitamin K, prothrombin complex concentrate 
              (PCC; preferred), or fresh frozen plasma.
       – Heparin or low molecular weight heparin: protamine sulfate.
       – Dabigatran: idarucizumab (if available), PCC, recombinant factor VIIa, or 
             hemodialysis.
       – Rivaroxaban and apixaban: andexanet alfa (if available), PCC.
       – Do NOT give platelets to patients on antiplatelet therapy who will NOT be 
             undergoing surgical decompression.
       – Use platelet function assays if available and consider platelets or 
             desmopressin acetate (DDAVP) in conjunction with neurosurgical consult 
              in surgical candidates.
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Normalised ratio normalisation in 
patients with Coumadin-related intra-
cranial Haemorrhages (INCH) trial, 
a multicenter trial comparing the two 
agents, began recruiting subjects in 
2009, but the trial was stopped early in 
2015 because of safety concerns. The 
researchers concluded that in patients 
with vitamin K antagonist-related ICH, 
4-factor PCC might be superior to FFP 
with respect to normalizing INR, and 
faster INR normalization was associated 
with smaller hematoma expansion. No 
clinical benefit to using PCC over FFP 
was demonstrated.52 

Reversal of DOACs in patients 
with ICH has not been well studied. 
Dabigatran may be partially reversed 
by PCC, recombinant factor VIIa, or 
hemodialysis (especially in patients 
with renal insufficiency). If available, 
the reversal agent idarucizumab should 
be given in two 2.5 mg IV doses.42,53 
Rivaroxaban and apixaban also may 
be partially reversed by 4-factor PCC. 
Hemodialysis is less likely to be effective 
for these medications because of greater 
protein binding. Consider the use of 
activated charcoal to reduce further 
absorption of any DOAC if the patient 
presents within two hours of inges-
tion.42,50 The FDA has just approved 
andexanet alfa, a factor Xa-inhibitor 
antidote indicated for patients treated 
with rivaroxaban and apixaban, but it 
is very costly and few hospitals have 
obtained it.54

In patients being treated with heparin 
or therapeutic (as opposed to prophy-
lactic) low molecular weight heparin, 
a protamine sulfate should be admin-
istered, with the dosage tailored to the 
amount of heparin given and the time-
frame of when it was administered last. 
For patients on aspirin, clopidogrel, or 
other antiplatelet therapy, there has not 
been a demonstrated mortality benefit 
from the use of platelet transfusions or 
desmopressin acetate (DDAVP).42,50,51 
If a neurosurgical procedure is going 
to be done, perform platelet function 
testing, and if abnormal or such testing 
is not readily available, it is reasonable 
to transfuse platelets.55,56 DDAVP can 
be considered in patients on cyclooxy-
genase inhibitors such as celecoxib or 
ADP-receptor inhibitors such as clopi-
dogrel and prasugrel.42

Once a patient has been identified as 
experiencing ICH, the emergency phy-
sician should consult with neurocritical 
care and neurosurgery immediately to 
facilitate management. Even the rela-
tively stable, non-comatose patient with 
ICH runs the risk of rapid deterioration 
and will require close monitoring in 
the ICU. Risk factors for deterioration 
include elevated SBP (> 180 mmHg), 
hemorrhage at the brainstem level, pres-
ence of intraventricular hemorrhage, 
and larger hematoma size.57,58,59,60 

Elevated ICP in patients with ICH 
may result from the hematoma, sur-
rounding edema, or both.51 In comatose 
patients who present with signs of intra-
cranial hypertension (intraventricular 
hemorrhage with hydrocephalus, mass 
effect, or herniation on imaging), early 
treatment should be focused on reduc-
ing intracranial pressure and enhancing 
cerebral blood flow. Ensure the patient 
is adequately sedated and that the seda-
tives used does not result in hypoten-
sion, which will compromise cerebral 
blood flow further. Elevate the head of 
the bed to 20-30 degrees, keeping the 
patient’s head midline. Consider the 
administration of an osmotic diuretic 
such as mannitol or hypertonic saline. 
Hyperventilation to a PaCO2 of 25 
mmHg to 30-35 mmHg generally is 
not recommended, as the effect is tran-
sient and decreases cerebral blood flow. 
It should be considered only as a bridge 
to surgical decompression in patients 
who have failed other interventions and 
are at immediate risk of death from 
herniation.36,42,51,61

Fever is common after spontaneous 
ICH. The risk of fever is increased in 
patients who have a larger hematoma 
size and in those with intraventricular 
extension. Fever is a poor prognostic 
factor in patients with ICH. It is associ-
ated with higher mortality and worse 
neurologic outcomes.62 Maintenance 
of normothermia to limit secondary 
injury caused by hypothermia remains a 
reasonable strategy, with the American 
Heart Association recommending that 
febrile ICH patients be cooled to main-
tain a core temperature below 38° C. 
Techniques include the use of cooling 
blankets and acetaminophen.35,36,50

Up to 28% of ICH patients may 
develop seizures, with up to half 

being nonconvulsive (electrographic 
seen on continuous EEG monitor-
ing) and most occurring within the 
first 24 hours after ICH. Seizures are 
seen most often in younger, intubated 
patients and are associated with surgi-
cal intervention and longer hospital 
length of stay. Prospective and popula-
tion-based studies have not shown an 
association between clinical seizures 
and neurological outcome or mortal-
ity.50,51 Patients who have clinical sei-
zures or electrographic seizures with a 
change in mental status should receive 
treatment with anticonvulsant drugs. 
Consider continuous EEG monitor-
ing in patients who have a depressed 
mental status disproportionate to the 
degree of brain injury. These patients 
should receive a benzodiazepine, such 
as lorazepam or diazepam, immediately 
for rapid seizure control, accompa-
nied by phenytoin, fosphenytoin, or 
levetiracetam loading for longer-term 
control. Prophylactic treatment is not 
recommended and, in fact, is associated 
with worse outcomes.35,50,51
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CME/CE Questions
1. A 42-year-old female presents from 

home two hours after complaining 
of a sudden-onset headache fol-
lowed by collapse. The patient has 
a medical history significant for 
hypertension and type 2 diabetes 
mellitus. Blood glucose is 165. The 
patient’s vitals are noteworthy for 
a blood pressure of 202/118, heart 
rate 90, respiratory rate 14, tem-
perature 99.2°F, O2 saturation 94%. 
Given concern for possible sub-
arachnoid hemorrhage, how do you 
proceed according to the Ottawa 
Subarachnoid Hemorrhage Rule?
a. Computed tomography scan fol-

lowed by lumbar puncture
b. Computed tomography scan only 
c. Computed tomography scan if 

negative, followed by magnetic 
resonance imaging

d. Lumbar puncture followed by 
antibiotics 

2. What percentage of the time is 
subarachnoid hemorrhage mis-
diagnosed in the emergency 
department?
a. 2%
b. 5% 
c. 8%
d. 12%

3. Which of the following has a strong 
association with subarachnoid 
hemorrhage?
a. Southeast Asian ethnicity
b. Gamma-hydroxybutyric acid use
c. Male gender
d. Cigarette smoking 

4. A 24-year-old female presents to 
the ED with findings concerning 
for subarachnoid hemorrhage. Her 
blood pressure is currently 238/130 
mmHg. Which of the following 
agents would be most appropriate in 
this setting?
a. Labetalol
b. Clevidipine
c. Nicardipine 
d. Nitroprusside

5. Given the high risk of seizures in 
patients with subarachnoid hemor-
rhage, what should the emergency 
physician should do?
a. Load the patient with IV  

fosphenytoin

b. Administer 1-2 mg IV  
lorazepam

c. Initiate seizure precautions 
d. Consult neurology for continu-

ous EEG monitoring in all sub-
arachnoid hemorrhage patients

6. Which of the following is a risk fac-
tor for the development of intrace-
rebral hemorrhage?
a. Advanced age
b. History of opioid abuse
c. Cerebral amyloid angiopathy
d. Both a and c 

7. A 70-year-old female presents to the 
emergency department with altered 
mental status. Her blood pressure is 
215/98 mmHg. Emergent CT scan 
shows an intraparenchymal hemor-
rhage. The patient is noted to be on 
clopidogrel and took her last dose 
24 hours prior to arrival. She takes 
no other anticoagulant medications. 
What should the emergency physi-
cian do?
a. Administer 4-factor PCC.
b. Administer platelets.
c. Initiate antihypertensive therapy.
d. Administer activated charcoal in 

conjunction with neurosurgical 
consult.

8. A 68-year-old male presents to the 
emergency department with sudden 
onset of headache, nausea, and left 
side weakness. An emergent CT 
shows a right-sided basal ganglia 
hemorrhage. He is on warfarin for 
chronic atrial fibrillation, and his 
INR is 4.0. What is the best initial 
therapy?
a. IV vitamin K followed by 4- 

factor prothrombin complex  
concentrate 

b. Oral vitamin K followed by 
4-factor prothrombin complex 
concentrate

c. IV vitamin K followed by fresh 
frozen plasma

d. Protamine sulfate and fresh  
frozen plasma
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Subarachnoid Hemorrhage and Intracranial  
Hemorrhage

Subarachnoid 
Hemorrhage

Image courtesy of J. Stephan Stapczynski, MD

Intraventricular 
Hemorrhage
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Basal Ganglia 
Hemorrhage
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Cerebellar  Hemorrhage
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Key Considerations in the Management of Suspected 
Subarachnoid Hemorrhage

• In patients with acute onset of headache, use Ottawa Subarachnoid 
     Hemorrhage Rule to determine if further workup is needed.
• If workup is indicated, obtain a high-quality computed tomography (CT) scan 
    as soon as possible, ensuring it is read by an experienced neuroradiologist 
    whenever possible.
• If the above parameters are met and CT is obtained within six hours of 
    headache onset, no further acute workup for subarachnoid hemorrhage is 
    indicated.
• If the patient is outside the six-hour window and CT is negative, strongly 
    consider obtaining a lumbar puncture or CT angiogram.
• When subarachnoid hemorrhage is diagnosed:
       – Use titratable calcium channel blocker or beta-blockers to lower systolic 
             blood pressure below 160 mmHg.
       – Initiate rapid reversal of anticoagulation.
       – Obtain neurosurgical consultation as soon as possible.
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Key Considerations in the Management of Intracerebral 
Hemorrhage

• In suspected intracerebral hemorrhage, airway stabilization with rapid 
    sequence intubation (RSI) takes precedence over imaging.
• Obtain noncontrast computed tomography as soon as possible.
• Use available, titratable antihypertensives to lower systolic blood pressure to 
    140 mmHg (do not allow the patient to become hypotensive).
• In anticoagulated patients, initiate reversal as soon as possible:
       – Vitamin K antagonists: IV vitamin K, prothrombin complex concentrate 
              (PCC; preferred), or fresh frozen plasma.
       – Heparin or low molecular weight heparin: protamine sulfate.
       – Dabigatran: idarucizumab (if available), PCC, recombinant factor VIIa, or 
             hemodialysis.
       – Rivaroxaban and apixaban: andexanet alfa (if available), PCC.
       – Do NOT give platelets to patients on antiplatelet therapy who will NOT be 
             undergoing surgical decompression.
       – Use platelet function assays if available and consider platelets or 
             desmopressin acetate (DDAVP) in conjunction with neurosurgical consult 
              in surgical candidates.
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