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Intracranial Hemorrhage
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Intracranialhemorrhage isa life-threateningcondition, theoutcome
ofwhichcanbe improvedby intensive care. Intracranialhemorrhage
may be spontaneous, precipitated by an underlying vascular mal-
formation, induced by trauma, or related to therapeutic anticoagu-
lation. The goals of critical care are to assess the proximate cause,
minimize the risksofhemorrhageexpansion throughbloodpressure
control and correction of coagulopathy, and obliterate vascular
lesions with a high risk of acute rebleeding. Simple bedside scales
and interpretation of computed tomography scans assess the
severity of neurological injury. Myocardial stunning and pulmonary
edema related to neurological injury should be anticipated, and can
usuallybemanaged. Fever (oftennot from infection) is commonand
can be effectively treated, although therapeutic cooling has not
been shown to improve outcomes after intracranial hemorrhage.
Most functional and cognitive recovery takes placeweeks tomonths
after discharge; expected levels of functional independence (no
disability, disability but independence with a device, dependence)
may guide conversations with patient representatives. Goals of care
impact mortality, with do-not-resuscitate status increasing the
predicted mortality for any level of severity of intraparenchymal
hemorrhage. Future directions include refining the use of bedside
neuromonitoring (electroencephalogram, invasivemonitors), novel
approaches to reduce intracranial hemorrhage expansion, minimiz-
ing vasospasm, and refining theassessmentof quality of life toguide
rehabilitation and therapy.
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OVERVIEWOF TYPES OF INTRACRANIAL HEMORRHAGE

Anatomical Compartments of Intracranial Hemorrhage

Intracranial hemorrhage is diagnosed by its anatomical location.
Intraparenchymal hemorrhage (IPH; Figure 1) refers to non-
traumatic bleeding into the brain parenchyma. (Intracerebral
hemorrhage, often abbreviated ICH, is used more often in the
clinical literature.) Subarachnoid hemorrhage (SAH) refers to
bleeding into the space between the pia and the arachnoid
membranes. Nontraumatic causes of rupture include cerebral
aneurysms (Figure 2), bleeding from arteriovenous malforma-
tions or tumors, cerebral amyloid angiopathy, and vasculopathies
(such as vasculitis). A subdural hematoma (Figure 3) is due to
bleeding between the dura and the arachnoid, whereas an epidu-
ral hematoma involves bleeding between the dura and the bone.
Subdural and epidural hematomas are usually traumatic injuries.

The anatomical location of intracranial hemorrhage specifies
the source. In IPH, a ruptured arteriole is the likely culprit, under-
scored by contrast extravasation into the hemorrhage on computed
tomography (CT) (1). Aneurysmal SAH is due to rupture of an
aneurysm in the subarachnoid space, usually near the circle of
Willis. “Perimesencephalic” SAH refers to scant subarachnoid
blood around the brainstem (2) and is related to venous bleeding
(3). Subdural hematomas are generally due to tearing of cortical
veins, whereas epidural hematomas are typically due to arterial
lacerations. Although neurotrauma is common, this review fo-
cuses on nontraumatic hemorrhage. A fistulous or malformed
connection between the cerebral arteries and veins, intracranial
aneurysm, or trauma may produce hemorrhage in more than one
anatomical compartment.

Risk Factors for Intracranial Hemorrhage

The most common risk factor for IPH is hypertension (4). Anti-
platelet (5) and anticoagulant medications also increase the risk
of spontaneous IPH. Cerebral amyloid angiopathy is related to
build-up of amyloid proteins in arterial walls, making them
more susceptible to rupture. Hemorrhages due to cerebral am-
yloid angiopathy are typically lobar (near the cortex), multiple,
and occur in patients at least 55 years of age (6).

The rupture of an intracranial aneurysm (SAH) may be spon-
taneous, precipitated by exertion, or from hypertension. About 1–
2% of the adult population harbors an unruptured intracranial
aneurysm (7), but only about 1% of these rupture, and how best
to select patients for prophylactic aneurysm obliteration is unset-
tled (8). The most important modifiable risk factors are tobacco
use, hypertension, and cocaine use (9); nonmodifiable risk factors
include a personal history of SAH, familial history of SAH (10),
larger aneurysm size (11, 12), female sex (13), connective tissue
disease, and older age. Arteriovenous malformations are often
congenital and may become symptomatic later in life.

INTRACRANIAL HEMORRHAGE DURING
MEDICAL TREATMENT

Anticoagulant-, Antiplatelet-, and

Fibrinolytic-related Hemorrhage

Antiplatelet medication is associated with a lower rate of bleed-
ing compared with warfarin (14), although IPH can still occur.
Combination clopidogrel–aspirin therapy has a higher rate of
IPH compared with clopidogrel alone (15).

Anticoagulationwith heparin (unfractionated or lowmolecular
weight heparin, LMWH), warfarin, fibrinolytic agents (e.g., alte-
plase), and thrombin inhibitors (dabigatran)may all lead to IPH as
a complication. Adding antiplatelet therapy to warfarin increases
the risk of IPH (16). The risks of each medication depend on the
underlying reason for therapy, dosage, and the control in its use.
Minidose heparin (5,000 units subcutaneously twice to three
times daily) and LMWH may be safe for chemoprophylaxis after
cerebral hemorrhage, a few days after symptom onset (17).
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As the population ages and atrial fibrillation becomes more fre-
quent, the use of warfarin and other agents to prevent ischemic
stroke will likely increase (18). There is a potential for severe
bleeding (including IPH) with therapeutic anticoagulation, even
with the international normalized ratio (INR) in the goal range.
An increased risk for microbleeds is seen with warfarin, and may
presage an increased risk for symptomatic IPH (19). As the in-
tensity of anticoagulation increases, so does the risk for IPH (18,
20). Dabigatran may have a lower rate of IPH compared with
warfarin when used for stroke prevention in atrial fibrillation (21).

Alteplase (tissue plasminogen activator) is approved for the
treatment of acute ischemic stroke, and its use reduces 90-day
disability when given up to 4.5 hours after symptom onset
(22–24). The risk for IPH after alteplase use is increased by
more severe stroke symptoms (25), older age in some (26) but
not all (27) data sets, and (particularly) higher blood pressure
shortly after treatment (25, 28, 29). Combined aspirin and clo-
pidogrel is associated with a higher risk of IPH after alteplase,
but the increased risk does not offset the benefits of therapy
(30). Whereas failure to follow the protocol is associated with

a higher rate of IPH and less benefit, strictly following the pro-
tocol is associated with low risk (31). Not surprisingly, symp-
tomatic IPH after alteplase is associated with a poor prognosis;
there are no standardized treatment protocols, and this repre-
sents an opportunity for further research (32). Fresh frozen
plasma is typically given, and cryoprecipitate is typically given
for hypofibrinogenemia in this setting.

Liver Failure and Coagulopathy Related

A variety of conditions that lead to severe hepatic damage (acet-
aminophen intoxication, chronic or acute hepatitis, septic shock,
etc.) will lead to coagulopathy. Although the INR is typically
elevated with severe hepatic injury, such patients are more accu-
rately termed “coagulopathic” rather than “endogenously anti-
coagulated.” Risk of intracranial hemorrhage generally rises
with the INR. Clinical bleeding is often a problem, and normal-
izing laboratory parameters of clotting (INR , 1.5 and plate-
lets . 100,000/ml) is often impossible.

Patients with liver failure are often comatose or have altered
mental status, cerebral edema on neuroimaging, and may be can-
didates for transplant. Intracranial pressure (ICP) monitors are
often placed to exclude elevated ICP (33). Device-related hem-
orrhage is a significant risk (34), and therefore placement re-
quires minimization of the coagulopathy before the procedure,
while the monitor is in place, and until several hours after it is
discontinued.

Mycotic Aneurysms and Sepsis

The brain is a common site of septic emboli that may lead to my-
cotic aneurysms and SAH (35). Such aneurysms tend to be more
distal (away from the circle of Willis) than spontaneous cerebral
aneurysms or those due to meningitis (36).

ASSESSING THE SEVERITY OF
INTRACRANIAL HEMORRHAGE

Assessing the severity of neurological injury is important for pri-
oritizing diagnostic studies, guiding resuscitation, and planning

Figure 1. Intraparenchymal hemorrhage on computerized tomography
scan. The hyperdense (bright) area represents acute bleeding (arrow).

This location is suggestive of chronic hypertension, not compatible with

an aneurysm, and would be highly atypical in trauma.

Figure 2. Subarachnoid hemorrhage on computerized tomography

scan. Hyperdense (bright) signal, indicating blood, surrounds the brain-
stem and fills the subarachnoid space. This appearance is typical of

a ruptured aneurysm.

Figure 3. Subdural hemorrhage on computerized tomography scan.

Hyperdense (bright) signal, indicating blood, is seen on the patient’s

left. There is a midline shift to the patient’s right.
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interventions (e.g., a patient with a worsening examination may
benefit from interventions to reduce ICP before proceeding to
the angiography suite). Commonly used and well-validated scor-
ing systems are available. Examinations should be performed off
sedation: medications with short half-lives (e.g., propofol) should
be discontinued (often the start of rounds is long enough), but
longer lasting sedatives (e.g., benzodiazepines, barbiturates by
continuous infusion) can cloud the examination for hours or
days.

General Scoring Systems

Glasgow Coma Scale. The Glasgow Coma Scale (GCS) (37) is
a standard assessment for the level of consciousness. The three
axes are eye opening (1–4 points), motor response (1–6 points),
and verbal response (1–5 points). Intubated patients typically
receive 1 point for verbal with a “T” noted (e.g., a score of 8T).
The best possible GCS of 15 (eyes open spontaneously, follows
commands, and oriented) is compatible with weakness on one
side and trouble speaking, whereas the worst possible score of 3
(no eye opening, no motor response, no verbal response to
pain) does not mean the patient is brain dead. The FOUR score
(38) is a more recent scale that assesses pupil response to light
and triggering of a mechanical ventilator, important findings in
deeply comatose patients that are not part of the GCS.
NIH Stroke Scale. Competently performing the neurological

examination is often frustrating for physicians who do not have
comprehensive training. Designed to be a reliable, reproducible
examination for trials in acute ischemic stroke, the NIH Stroke
Scale (39) is a simplified neurological examination that covers
most acute neurological symptoms: speaking and comprehen-
sion, weakness, sensory abnormalities, visual deficit, neglect,
and ataxia. A normal examination has zero points, with increas-
ing scores indicating a worse neurological deficit. Training and
certification are available online at learn.heart.org/nihss (with
regular renewals), and the examination has a high interrater
reliability between healthcare providers of different specialties.
The examination is sensitive for mild to moderate deficits.
Disease-specific scores for SAH. Disease-specific scoring sys-

tems for SAH include the classic Hunt and Hess Scale (40). This
qualitative scale is scored from 1 (no symptoms) to 5 (deeply
comatose, extensor posturing). Broadly, the Hunt and Hess
Scale is predictive of a variety of medical complications, vaso-
spasm, cerebral infarction, and worse outcomes. The World Fed-
eration of Neurosurgical Societies (WFNS) Scale is similar to the
Hunt and Hess Scale, but derived from the GCS, which increases
interrater reliability. The Hunt and Hess, WFNS, and GCS have
similar prognostic significance (41).

Predicting vasospasm is important after SAH because vaso-
spasm may lead to cerebral infarction. Vasospasm is generally
predictable from the admission CT scan (42), with thick blood
in the subarachnoid space and hemorrhage in both lateral ven-
tricles broadly predictive of an increased risk. “Vasospasm”
may refer to a narrowed vessel lumen on angiography, elevated
flow velocities on transcranial Doppler (which implies a nar-
rowed vessel lumen), new neurological symptoms (typically
aphasia or weakness, usually 3–14 d after SAH onset), or cere-
bral ischemia on neuroimaging referable to a narrowed vessel.
Infarction on neuroimaging often does not correspond to an
area of known vessel narrowing (43), however, making vaso-
spasm an incomplete explanation for cerebral infarction after
SAH.
Disease-specific scores for IPH. Although coma, a severe neu-

rological deficit, and old age are predictive of mortality after both
SAH and IPH, mortality after IPH often has different causes.
The most widely used predictive scale is the ICH score (44),

a composite of 0 (best) to 6 (worst) of hemorrhage size greater
than 30 ml, age at least 80 years, intraventricular hemorrhage,
cerebellar or brainstem location, and GCS. There are modified
versions of the ICH score (45), and they are more similar than
different. The functional outcome risk stratification scale score
(46) also accounts for prehemorrhage cognitive impairment
(Table 1). The NIH Stroke Scale and its components assessing
level of consciousness can also be used (along with age) to pre-
dict outcome after IPH. These scores do not include physiolog-
ical derangement or events after the initial assessment.

TREATMENT AND MEDICAL COMPLICATIONS OF
INTRACRANIAL HEMORRHAGE

Common Principles of Management

Intracranial pressure monitoring. Emergent neurosurgical con-
sultation should be obtained regarding the potential utility of
placing a device to measure ICP. Whether such a device should
be placed depends on the nature, severity, and location of the
injury. If hydrocephalus is a concern, a ventricular drain will al-
low both measurement of ICP and drainage of cerebrospinal
fluid. A parenchymal monitor permits pressure measurement
of the ICP at the tip of the device. Some devices also permit mea-
surement of brain temperature and brain oxygen tension; it is not
known whether optimization of parameters other than ICP and
cerebral perfusion pressure (mean arterial pressure minus intra-
cranial pressure) leads to improved outcomes.

Elevated ICP (generally defined as .20 mm Hg) may lead to
herniation and death. Interventions to reduce elevated ICP in-
clude sedation to a calm and motionless state, external ventricu-
lar drainage of cerebrospinal fluid, optimizing cerebral perfusion
pressure (generally 60 to 80 mm Hg), mannitol or hypertonic
saline (usually with a goal osmolality of 315–325 mOsm/L), hy-
perventilation, hypothermia, paralysis, and induced coma with
medication (generally with barbiturates) (47).
Cerebral edema. Cerebral edemamay result from cerebral ische-

mia, infarction, or contusion. Mannitol is commonly given for cere-
bral edema and signs of herniation, although repeated doses may
lead to hypovolemia because mannitol is an osmotic diuretic.

TABLE 1. EXAMPLES OF DISEASE-SPECIFIC SCORES FOR
INTRAPARENCHYMAL HEMORRHAGE

Variable ICH Score (points)* FUNC Score (points)*

Hematoma volume

,30 ml 0 4

30–60 ml 1 2

.60 ml 1 0

Age

,70 yr 0 2

70–79 yr 0 1

>80 yr 1 0

Glasgow Coma Scale

3–4 2 0

5–8 1 0

9–12 1 2

13–15 0 2

Hematoma location

Lobar 0 2

Deep 0 1

Infratentorial 1 0

Intraventricular hemorrhage 1 if present Not scored

Pre-IPH cognitive impairment Not scored 0 if present

Definition of abbreviations: FUNC ¼ functional outcome risk stratification scale;

ICH ¼ intracerebral hemorrhage; IPH ¼ intraparenchymal hemorrhage.

* The ICH score ranges from 0 (best) to 6 (worst possible); the FUNC score

ranges from 0 (worst possible) to 11 (best).
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Hypertonic saline may be slightly more effective (48), and a bo-
lus dose often reverses clinical signs of brain herniation and
reduces ICP (49). Administration of 3% saline as a continuous
infusion (0.5–1 ml/kg/h to start) is common, but there are few
prospective data on which to base protocols.
Fever. Fever is common after intracranial hemorrhage. Risk

factors include intraventricular blood, blood near the pituitary,
damage to the anterior hypothalamus (rupture of an aneurysm
of the anterior communicating artery notoriously leads to high
and recurrent fever), and a ventricular drainage catheter (often
placed for intraventricular hemorrhage) (50). Often, an infec-
tious source is not found. Greater burden of fever is related to
worse outcomes after IPH (51) and SAH (52, 53).

The routine use of acetaminophen for fever control does not
improve outcomes (54). There are a variety of devices that
ostensibly reduce fever, but no device has improved outcomes
in a clinical trial. A circulating cool-air blanket was not effective
in one study of critically ill patients in a neurological intensive
care unit (ICU) (55), but an external cool-water blanket (56)
and invasive catheter reduced core temperatures (57).

Enforced normothermia may lead to shivering. Increased
metabolic demand from shivering can be simply and reliably
measured at the bedside (58). Shivering can be ablated with
sedation, but this confounds the bedside examination and may
delay weaning of ventilatory support. Although some data sug-
gest aggressive temperature control will eventually lead to im-
proved outcomes and the expense of more ICU complications
(59), it has not yet been done prospectively.

Specific Management of Intraparenchymal Hemorrhage

Severe hypertension is associated with hematoma growth after
the diagnostic CT scan and worse outcomes. This implies that
increased arterial pressure translates into more blood extravasa-
tion into the brain; conversely, lowering blood pressure (BP)
might reduce hematoma growth. A prospective randomized trial
of “aggressive” versus conventional BP control found that ag-
gressive control was associated with reduced hematoma growth
(60). This study was not powered to detect a difference in clin-
ical outcomes, but such a trial (INTERACT [Intensive Blood
Pressure Reduction in Acute Cerebral Haemorrhage Trial] 2) is
now underway. The major risk (especially in patients with
chronic hypertension) is that acute BP lowering might lead to
reduced cerebral perfusion, cerebral ischemia, and infarction.
Decreased diffusion on magnetic resonance imaging (MRI) (con-
sistent with acute ischemia) is associated with more acute BP
reduction in patients with IPH (61), and is in turn associated with
increased odds of death or dependence at 3 months in multivar-
iate models (62). The most recent guidelines on management of
IPH (63) reflect the uncertainty of how best to acutely manage
hypertension in this setting.

A hematoma may compress brain tissue or the outflow of ce-
rebrospinal fluid, leading to herniation and death. Emergent
neurosurgical consultation is advisable to assess the suitability
of decompression. Generally agreed-on indications for surgical
decompression include brainstem compression, hydrocephalus,
or cerebellar hemorrhage with neurological deterioration (63).
Relative indications include a cortical (as opposed to deep) or
cerebellar location, a steadily worsening clinical examination,
and larger hemorrhage size. When the suitability of emergent
surgical decompression was not clear, a randomized trial found
no benefit to emergent decompression over expectant manage-
ment (64). A subpopulation that may be especially helped by
surgery (cortical location and lack of ventricular hemorrhage) is
eligible for enrollment in a follow-up trial (Surgical Trial in
Intracerebral Haemorrhage [STICH] 2).

Warfarin use and an elevated INR are associated with hema-
toma growth and worse outcome in patients who present with
nontraumatic IPH (65). The greater the INR, the greater the
risk of hematoma growth on serial CT scans; the longer the time
to normalization of the INR, the worse the clinical outcome is
likely to be. It is generally agreed that anticoagulant therapy
should be reversed, but the best way to do so is not known.
Fresh frozen plasma (FFP) is most commonly used because of
its availability and relatively low cost, and may be given in re-
peated doses until the INR is 1.4 or less. Prothrombin complex
concentrates (PCCs) may be superior to FFP for warfarin-
related IPH, chiefly because of faster normalization of the
INR (66). A prospective, randomized trial of FFP versus PCC
(INR Normalization in Coumadin-associated ICH, or INCH)
for acute treatment is currently underway. PCCs are not a single
product, but a variety of related products; before selecting one
for routine use, consultation with a hematologist for the best
available product and dose is advisable.

Antiplatelet therapies (67, 68) and reduced platelet activity
(69) are associated with a higher risk of hematoma growth and
death. Platelet transfusion for IPH is considered experimental
(63), not standard of care, and two clinical trials of platelet
transfusion for acute IPH are underway (70, 71). Desmopressin
(DDAVP) reverses the effect of aspirin and improves platelet
activity in other conditions (72–74) but has not been formally
studied in patients with IPH.

Procoagulant medication is another potentially effective
method to reduce hemorrhage growth and improve outcomes.
One pilot study evaluated the use of aminocaproic acid for acute
IPH, but early results were not promising (75). Recombinant
activated factor VII led to reduced hematoma growth and bet-
ter 90-day outcomes in a phase II trial (76). The phase III trial
also showed reduced hematoma growth, but there was no effect
on 90-day outcomes (77), and the drug was not approved by the
U.S. Food and Drug Administration. There is an increased risk
of thrombotic complications with factor VII compared with
placebo. Procoagulant therapy is not generally used for the re-
versal of warfarin-related IPH, and blood products (typically
plasma) would be subsequently required (63).
Seizures and anticonvulsant medication. Seizures after IPH

usually occur within a few days of IPH symptom onset and
are associated with lobar location of hemorrhage, larger hemor-
rhage size, depressed mental status, and a history of epilepsy.
Patients with IPH due to hepatic failure may be at particularly
high risk (78, 79). Clinical seizures should be treated with anti-
convulsant medication. When subclinical seizures are suspected
or a decreased level of consciousness is unexplained, continuous
electroencephalography should be considered (63). Prophylac-
tic anticonvulsant therapy is associated with more fever and
worse functional outcomes (80, 81), however, so it should not
be used routinely.
Anemia and packed red blood cell transfusion. The brain is de-

pendent on a continuous supply of nutrients, especially oxygen.
Almost all oxygen in blood is bound to hemoglobin (HGB). It
follows that progressive anemia, a state of reduced HGB concen-
tration in blood, will eventually lead to reduced oxygen delivery
to the brain. Anemia is common in patients with IPH, and is
likely to be multifactorial. Anemia is associated with worse out-
comes, but the relationship is confounded by larger hematoma
volume (82). Packed red blood cell transfusion is associated
with reduced mortality after IPH (83), although the proximate
mechanism is not clear.
Goals of care and self-fulfilling prophecies. Perhaps because of

the lack of a specific approved treatment for IPH, older patient
age, and high mortality, patients with IPH are particularly likely
to have a do-not-resuscitate (DNR) order placed. DNR policies
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typically specify only what to do in the case of cardiac or respira-
tory failure, butmay be associatedwith fewer interventions overall
(e.g., antibiotics for pneumonia, volume resuscitation, etc.). DNR
status is associated with a markedly higher mortality for any level
of IPH severity (84).

Specific Management of Aneurysmal

Subarachnoid Hemorrhage

After aneurysm rupture, a temporary plug forms. Emergent an-
eurysm obliteration with surgical clipping or endovascular coil-
ing is indicated to prevent aneurysm rebleeding, which makes
a good outcome unlikely (85). When aneurysm obliteration is
unavoidably delayed, procoagulant therapy reduces the risk of
aneurysm rebleeding. A prospective trial found that up to 72
hours of tranexamic acid substantially reduced the risk of aneu-
rysm rebleeding with minimal thrombotic side effects (86).
Aminocaproic acid use is also associated with a reduced risk
of rebleeding (87).

Severe hypertension is associated with an increased risk of an-
eurysm rebleeding (88). BP should be controlled to reduce this
risk while maintaining cerebral perfusion (85). After aneurysm
obliteration, BP management is dictated by the perceived risk of
cerebral ischemia and vasospasm. Precisely how high a BP is
tolerable is not well defined. An autonomous increase in BP
may be an early signal of increased oxygen demand by ischemic
brain tissue, and reducing BP may lead to cerebral ischemia. A
reliable neurological examination is helpful: If a patient has a re-
producible, sensitive examination (e.g., no or minimal aphasia,
following commands, arousal to voice or minimal stimulation),
then a change from baseline can be interpreted as potentially due
to vasospasm and lead to more invasive evaluation (angiography,
MRI, a trial of increased BP, etc.). Without a sensitive and re-
producible bedside examination, routine imaging or invasive
studies are more often obtained to detect cerebral ischemia. A
variety of studies are used, including screening with transcranial
Doppler, screening angiography, or imaging-based perfusion
studies, but there are no validated protocols.

If vasospasm or cerebral ischemia is diagnosed, BP augmen-
tation is a mainstay of treatment. “Triple-H” (hypertension,
hypervolemia, hemodilution) is commonly employed as a group,
although hemodilution turns out to be difficult (89) and anemia
is associated with worse outcomes. (90) “Hyperdynamic” ther-
apy may better describe the intent. Induced hypertension leads
to increased cerebral blood flow and cerebral oxygenation (91),
and usually reverses clinical symptoms of vasospasm. It is not
clear how long such therapy should be continued—usually, a pa-
tient with a stable examination will have slowly decreased BP
goals or vasopressor infusion rates with close monitoring. Any
recurrence of symptoms typically leads to reinstitution of the
previous (higher) BP goal for another 48–72 hours. Measure-
ments of cerebral perfusion, oxygen extraction fraction, and
cerebral blood flow are attractive physiologic goals, but have
not been well verified.

Nimodipine (a cerebroselective calcium channel blocker)
reduces poor outcome after SAH, and should be given to all
patients with aneurysmal SAH (85, 92). Some clinicians also
routinely use pravastatin, based on a phase II study (93); a phase
III study is underway.
Anemia and packed red blood cell transfusion. After SAH ane-

mia is common, due to triple-H therapy, routine measurement of
serum electrolytes, and other causes. In observational data sets
of patients with SAH, anemia is associated with an increased risk
of cerebral ischemia, cerebral infarction, and worse outcomes
(90). In patients with brain oxygen tension monitors in place,
anemia is associated with reduced brain oxygen tension, and

a packed red blood cell (PRBC) transfusion generally increases
brain oxygen tension (94). In anemic patients with vasospasm,
a PRBC transfusion increases cerebral oxygen delivery and re-
duces oxygen extraction fraction on positron emission tomog-
raphy scanning (95), implying less neuronal distress.

If anemia is harmful, it does not necessarily follow that PRBC
transfusion is the appropriate treatment. PRBC transfusion may
increase the risk of acute lung injury (96). In unselected patients,
PRBC transfusion is associated with harm, but not in patients
with vasospasm (97), and these are the patients most likely to
benefit from PRBC transfusion. In a prospective, randomized
pilot trial, higher goal hemoglobin in patients with SAH gener-
ally required only one or two more PRBC units through 14 days
and was well tolerated (98). PRBC age does not seem to corre-
late with acute adverse events, vasospasm, or outcomes (99). A
phase III study of two different HGB goals after SAH has been
proposed.

PRBC transfusion may not be the only effective treatment for
preventing cerebral hypoxia and anemia. Recombinant erythro-
poietin leads to increased HGB in critical care, and has some
neuroprotective properties. In a phase II study of patients with
SAH, erythropoietin use led to reduced cerebral ischemia (100).
This follows similar promising studies, but ultimately negative
pivotal trials, in ischemic stroke (101) and critical care (102).
Neurogenic stunned myocardium, or myocardial stunning. In-

tracranial hemorrhage, especially SAH, leads to a surge in cat-
echolamines. Depressed cardiac output may lead to clinical heart
failure and loss of consciousness. Similar symptoms may be seen
in severe emotional distress (103) or Tako-Tsubo syndrome
(104). Cardiac troponin I (cTI) predicts the magnitude of the
decrease in ejection fraction on echocardiography, the risk of
vasospasm and cerebral ischemia, and the odds of dependence
or death at 3 months (105). Cardiac adrenoreceptors mediate
the severity of the myocardial dysfunction (106). Depressed
ejection fraction on echocardiography is not typically due to
ischemic myocardium and improves over the following 1 to 2
weeks. Electrocardiographic abnormalities (especially ST-T
wave changes) are also common, but are not as predictive of
poor outcome as cTI. Neurogenic stunned myocardium and
vasospasm may coexist because the risk factors for both condi-
tions are similar (worse neurological injury, more subarachnoid
blood); however, the increased afterload from vasopressors
(largely catecholamines or their derivatives) may lead to further
depression of the ejection fraction, pulmonary edema, and hy-
potension. Patients with a depressed ejection fraction, elevated
cTI, and vasospasm may be better served by cerebral angio-
plasty or intraarterial vasodilators than vasopressors.
Seizures and anticonvulsant medication. After SAH, prophy-

lactic phenytoin therapy might reasonably be given to prevent
a seizure and the potential attendant increase in BP and risk
of aneurysm rebleeding. Subarachnoid hemorrhage may be com-
plicated by nonconvulsive seizures or status epilepticus (107),
and routine EEG monitoring is often obtained in patients with
a depressed level of consciousness. Like IPH, however, routine
anticonvulsant medication use is probably not advisable. Phe-
nytoin exposure (based on serum levels) through 14 days is
associated with a dose-dependent increase in functional disabil-
ity and cognitive deficits at 14 days and 3 months of follow-up
(108). Given that 3 days of therapy seems as effective as 14 days
(109), a short course, if given at all, is preferable. Levetiracetam
may have fewer side effects with similar efficacy (110).

OUTCOMES AFTER INTRACRANIAL HEMORRHAGE

Mortality is generally not an appropriate sole clinical outcome for
neurological disease because many potential patients consider
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“alive but dependent” a worse outcome than death (111). Func-
tional outcome scales are common in neurological studies (the
modified Rankin Scale, Glasgow Outcome Scale, etc.) and re-
liably grade dependence. The patient-perceived quality of life
(QOL) for any level of physical ability is another matter. Most
patients who survive intracranial hemorrhage have a markedly
lower QOL than the general population (112, 113), even if in-
dependent for daily living. (A modified Rankin Scale score of 3
or less, independent with a device or better, is generally consid-
ered a “good” outcome after intracranial hemorrhage.)

Outcomes at ICU or hospital discharge are problematic for
neurological disease because the period of greatest functional re-
covery is between the initial injury and 3 months, usually with
smaller degrees of improvement later. Patients who are depen-
dent or comatose at hospital discharge may regain consciousness
and functional independence in a delayed fashion. Unfortu-
nately, we remain better at reliably predicting a poor outcome
than good recovery. Fever and sedatives (e.g., benzodiazepines
and barbiturates) cloud the clinical assessment. As general prin-
ciples, a smaller size of brain injury on neuroimaging, lack of
brainstem involvement, and younger age are associated with
greater degrees of improvement.

Goals of care are particularly important for the planning of
extended life support or subacute care for comatose patients
(e.g., tracheostomy and placement in a nursing facility). These
discussions may provoke substantial anxiety. A comatose patient
nearing ICU discharge will have at least some disability for a pe-
riod of time, and families may not realize that popular depictions
of recovery from coma are unrealistic (114). Consultation with
specialists in palliative care may be appropriate to describe
protocols for comfort and end-of-life planning. During family
conferences, the most commonly missed opportunities are those
to listen (115). If a meaningful recovery is possible but uncer-
tain, it is reasonable to pursue supportive measures and reassess
the situation in a few months, taking the patient’s progress into
account. Later emergence from a vegetative state is possible,
but rare (116).

In summary, intracranial hemorrhage can be quickly assessed
by symptoms, a standardized physical examination, and a CT
scan. Major goals of early intensive care (BP control, correction
of coagulopathy) can be quickly planned, and intensive care can
improve outcomes. Future work will refine therapeutic options,
and increase our prognostic and therapeutic armamentarium.
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