
 

INTRODUCTION 

Spontaneous intracerebral hemorrhage (ICH) is a neurologic emergency that accounts for about 10% to 20% of 
all strokes and has a 30-day mortality rate of 35% to 52% [1,2]. Furthermore, only 21% of patients suffering 
ICH are expected to be independent at 6 months [3]. Despite advances in our understanding of the 
pathophysiology and complications associated with ICH, in-hospital mortality from ICH decreased by a mere 
6% between 1990 and 2000, compared with 36% and 10% mortality reductions achieved for ischemic stroke 
and subarachnoid hemorrhage, respectively [4]. 

 Pathophysiology 

 Causes of intracerebral hemorrhage 

Chronic hypertension (HTN) is the most important risk factor for ICH and is responsible for almost 60% of 
cases [2,5,6,7]. Sustained hypertension induces smooth muscle cell proliferation in the arterioles. This process is 
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termed hyperplastic arteriolosclerosis [8]. Over time, smooth muscle cells die and the tunica media is replaced 
by collagen, resulting in vessels with decreased tone and poor compliance. The arterioles ultimately undergo 
ectasia and aneurysmal dilation (Fig. 1) [8]. These microaneurysms, called Charcot-Bouchard aneurysms, are 
susceptible to rupture leading to cerebral hemorrhage and were proposed by Charcot and Bouchard in 1868 as a 
key element of deep ICH [9,10,11]. 

The second most common cause of ICH, cerebral amyloid angiopathy (CAA), accounts for almost 20% of cases 
in patients older than 70 years of age [12]. CAA is characterized by the deposition of ß-amyloid protein in the 
tunica media and adventitia of the leptomeningeal and cortical arteries, arterioles, and capillaries (Fig. 2) 
[13,14]. These amyloid-laden vessels can undergo fibrinoid degeneration, necrosis, segmental dilation, or 
aneurysm formation, rendering them prone to rupture [13]. The apolipoprotein E alleles e2 and e4 have been 
associated with degenerative changes of the vessel wall and increased deposition of ß-amyloid protein, 
respectively [15]. Carriers of the e2/e2 and e4/e4 genotype have a 28% 2-year recurrent ICH rate, compared 
with 10% for patients with the e3/e3 genotype [15]. The association between apolipoprotein E genotype and ICH 
varies among different ethnicities. It has been reported that the risk of ICH in patients carrying an e2 or e4 
allele is 1.48 times for Europeans (95% confidence interval or CI = 0.76 to 2.87) and 2.11 times for Asians (95% 
CI = 1.28 to 3.47), compared with those with the e3/e3 genotype [16]. 

Another common cause of parenchymal bleeding is anticoagulant-associated ICH (AAICH). This is the most 
feared complication of anticoagulant use. Over the years, the continuing increase in the elderly population in the 
United States has lead to a higher prevalence of medical conditions that require the administration of 
anticoagulants and a consequent increase in AAICH [17]. Anticoagulants have been shown to be effective for 
prevention of venous thromboembolism and systemic embolism in patients with atrial fibrillation or prosthetic 
valves [18]. Warfarin is the most commonly used anticoagulant worldwide. It inhibits the conversion of vitamin 
K epoxide to reduced vitamin K, a cofactor necessary for the ?-carboxylation and activation of the coagulation 
factors II, VII, IX, and X [18]. It is estimated that warfarin use is associated with 5% to 24% of ICH cases 

 

Figure 1. Charcot-Bouchard aneurysm as seen in neurosurgical 
material from evacuation of an intracerebral hematoma. 
Endothelial cells (arrows) lining the cavity attest to its vascular 
origin. Parent vessel (P) of Charcot- Bouchard aneurysm is 
indicated. Bar = 100 mm. 

 

Figure 2 Surgical specimens from the matrix of a 
hematoma associated with amyloid angiopathy. 
Specimens stained with Congo red. (A) Shows 
deposits of amyloid seen through ordinary 
transmitted light as a dense red staining hyaline 
material within the vessel walls (× 100). (B) Shows in 
the same field the characteristic green-yellow 
birefringence of amyloid evidenced under polarized 
light (× 100). 



[19,20,21]. The annual frequency of ICH in patients undergoing chronic anticoagulation with warfarin is 0.3% 
to 0.6% [22]. Although the intensity of anticoagulation proportionally increases the risk of AAICH, almost 70% 
of the cases occur with an international normalized ratio (INR) of 3 or less [21]. In addition, the degree of INR 
elevation is associated with hematoma expansion and mortality [21,23,24]. Other risk factors for AAICH include 
advanced age, history of hypertension, simultaneous use of antiplatelet agents, CAA, apolipoprotein genotype e2, 
and presence of leukoaraiosis on neuroimaging [21,22,25,26,27]. 

Antiplatelet agents, such as aspirin and clopidrogel, are commonly used in patients with coronary artery and 
cerebrovascular disease and have been implicated in the causation of ICH, although this association is less well 
established [28]. Several studies have reported larger hematomas and higher ICH-related mortality rate in 
patients using antiplatelet agents [28,29,30]. However, other reports contradict these observations [31,32,33]. 

Thrombolytic agents are proteases that convert plasminogen to plasmin, which subsequently lyses clot by 
breaking down fibrinogen and fibrin. The available agents today are tissue-type plasminogen activator or 
alteplase (tPA), reteplase, tenecteplase, urokinase, anisoylated purified streptokinase activator complex, and 
streptokinase. Intravenous tPA has been approved by the Food and Drug Administration for the treatment of 
acute ischemic stroke in patients who present within 3 hours of onset of symptoms. The risk of developing 
symptomatic ICH is 6% in patients treated with intravenous tPA [34]. Thrombolytic therapy is also used in the 
treatment of acute myocardial infarction; in this setting, the incidence of ICH is about 0.7% [35]. Symptomatic 
thrombolytic-associated ICH has a 30-day mortality rate of almost 60% [34]. Other less frequent causes of ICH 
are included in Box 1. 

Box 1 Causes of nontraumatic intracerebral hemorrhage 

1. Hypertension 

2. Cerebral amyloid angiopathy 

3. Inherited bleeding diathesis 

4. Antithrombotic use 

1. Anticoagulants 

2. Fibrinolytics 

3. Antiplatelets 

5. Vascular malformations 

1. Arteriorvenous malformations 

2. Dural arteriovenous fistulas 

3. Cavernous malformations 

4. Venous angioma 

6. Aneurysms 

1. Saccular 

2. Infective 

3. Fusiform 



 Location of intracerebral hemorrhage 

A biracial population study of 1,038 ICH cases showed that 49% were located deep in hemisphere, 35% lobar, 
10% cerebellar, and 6% in the brain stem [36]. The hematoma location may be suggestive of the underlying 
etiology. Hematomas in the thalamus, basal ganglia, cerebellum, or pons are commonly associated with HTN. 
On the other hand, lobar ICH in an elderly patient is highly suggestive of CAA [37]. 

 Consequences of intracerebral hemorrhage 

 Hematoma expansion 

It is well established that hematoma expansion in spontaneous ICH occurs within the first 24 hours after ictus in 
about one third of patients [38,39]. Hematoma volume and hematoma expansion are predictors of 30-day 
functional outcome and mortality [38,40,41]. A direct relationship between blood pressure and risk of hematoma 
enlargement has been shown in some studies, but others do not support this association [42,43,44]. It is also 
unclear if high blood pressure is the cause or a hemodynamic response to the growing hematoma [44]. 

7. Tumors 

1. Primary brain tumors 

1. Pituitary adenoma 

2. Glioblastoma multiforme 

8. Metastastatic tumor 

1. Breast cancer 

2. Melanoma 

3. Choriocarcinoma 

4. Renal cell 

5. Bronchogenic carcinoma 

9. Hemorrhagic transformation of a cerebral infarction 

10. Dural venous sinus thrombosis with secondary venous 
infarction and hemorrhage 

11. Moyamoya disease 

12. Vasculitis 

13. Illicit drug use 

1. Amphetamines 

2. Cocaine 

3. Other 



 Hydrocephalus 

Initially, extravasation of blood into the ventricular system impairs cerebrospinal fluid (CSF) circulation, 
causing obstructive hydrocephalus; later, blood and debris obstruct the arachnoid villi, impairing CSF 
reabsortion and causing communicating hydrocephalus. Hydrocephalus is an independent 30-day mortality 
predictor after ICH [45]. In particular, dilation of the third and fourth ventricles has been noted to carry a 
worse prognosis [46,47]. 

 Cerebral edema 

Traditionally, ICH was believed to cause permanent brain injury directly by mass effect. However, the 
importance of hematoma-induced inflammatory response and edema as contributors to secondary neuronal 
damage has since been recognized [48]. 

At least three stages of edema development occur after ICH (Table 1). In the first stage, the hemorrhage dissects 
along the white matter tissue planes, infiltrating areas of intact brain. Within several hours, edema forms after 
clot retraction by consequent extrusion of osmotically active plasma proteins into the underlying white matter 
[49,50]. The second stage occurs during the first 2 days and is characterized by a robust inflammatory response. 
In this stage, ongoing thrombin production activates by the coagulation cascade, complement system, and 
microglia. This attracts polymorphonuclear leukocytes and monocyte/macrophage cells, leading to up-regulation 
of numerous immunomediators that disrupt the blood-brain barrier and worsen the edema [51,52]. A delayed 
third stage occurs subsequently, when red blood cell lysis leads to hemoglobin-induced neuronal toxicity [53]. 
Perihematomal edema volume increases by approximately 75% during the first 24 hours after spontaneous ICH 
and has been implicated in the delayed mass effect that occurs in the second and third weeks after ICH [54,55]. 

Table 1. Stages of edema after ICH 

 Ischemia 

Normal cerebral blood flow (CBF) in an adult brain is approximately 50 mL per 100 g-1 per minute-1 [56]. CBF 
is determined by the relationship between cerebral perfusion pressure (CPP) and cerebrovascular resistance 
[56]. CPP represents the difference between the mean arterial pressure (MAP) and the intracranial pressure 
(ICP) [57,58]. Under normal circumstances, cerebral arterioles dilate in response to a decrease in CPP and 
constrict in response to an increase in blood pressure. This dynamic regulation of cerebrovascular resistance 
maintains a constant CBF in the CPP range between 50 mm Hg to 150 mm Hg and is called autoregulation (Fig. 
3) [59,60]. A decrease in the CPP below the lower limit of autoregulation leads to a decrease in CBF and an 
increase in oxygen extraction [59]. However, when CBF falls below 20 mL per 100 g-1 per minute-1, the increase 
in oxygen extraction is no longer able to meet the demand and ischemia occurs [56,57,61]. In chronic HTN, the 
cerebral vasculature is adapted to higher blood pressure and the autoregulation curve is shifted to the right (see 
Fig. 3) [59]. Precipitous blood pressure lowering in chronically hypertensive patients may cause cerebral 
ischemia even at normotensive levels. Prolonged control of hypertension can return the autoregulatory range to 
normal limits [59]. 

First stage (hours) Second stage (within first 2 days) Third stage (after first 2 
days) 

Clot retraction and extrusion of 
osmotically active proteins 

 Activation of the coagulation cascade 
and thrombin synthesis 

 Complement activation 

 Perihematomal inflammation and 
leukocyte infiltration 

Hemoglobin induced 
neuronal toxicity 



Patients with ICH can have elevated ICP because of hematoma-related mass effect, cerebral edema, and 
hydrocephalus. Furthermore, the regional increase in pressure around the hematoma can compress the 
microvasculature, increasing resistance and causing ischemia in the periphery of the clot [62,63,64]. In this 
scenario, an elevated MAP might be necessary to preserve adequate regional CBF. These issues raise the 
theoretic concern that aggressive blood pressure lowering after ICH could cause regional hypoperfusion. 
However, the concept of perihematomal ischemia has been challenged. Positron emission tomography studies 
suggest that the perihematomal area has low cerebral metabolic rate for oxygen and reduced CBF, suggesting 
metabolic suppression rather than ischemia. Furthermore, reduction in the MAP by 15% (143 ± 10 mm Hg to 
119 ± 11 mm Hg) in patients with ICH volume less than 45 mL had no effect on periclot CBF or oxygen 
extraction fraction [65,66]. 

 Apoptosis and necrosis 

Mechanical forces that occur during hematoma formation and the chemical toxicity induced by the 
perihematomal inflammatory reaction may cause necrosis in the adjacent brain tissue [53]. In addition, in a rat 
model TUNEL-positive stained astrocytes and neurons with morphologies suggesting apoptosis were observed 
not only in the center but also in the periphery of the hemorrhage, suggesting that programmed cell-death 
mediates some of the brain injury after ICH [67]. 

 Biochemical mediators of brain injury 

Several biochemical mediators have been implicated in secondary brain damage after ICH (Fig. 4). 

Thrombin is an essential component of the coagulation cascade, which is activated in ICH. In low concentrations 
thrombin is necessary to achieve hemostasis. However, in high concentrations, thrombin induces apoptosis and 
early cytotoxic edema by a direct effect. Furthermore, it can activate the complement cascade and matrix 

 

Figure 3. Cerebral autoregulation curve. In the normal state 
(solid line), the CBF is held constant across a wide range of 
CPPs (50 mm Hg–150 mm Hg). In chronic hypertension (dashed 
line), the autoregulation curve shifts to the right. In intracranial 
hypertension (dotted line) the cerebral autoregulation may be 
impaired, and the CBF becomes dependent on the CPP. 
Abbreviations: CBF, cerebral blood flow; CPP, cerebral 
perfusion pressure; CVR, cerebral venous resistance; ICP, 
intracranial pressure; JVP, jugular venous pressure; MAP, 
mean arterial pressure. 

 

Figure 4. Simplified mechanism of the underlying inflammation 
and brain edema formation after ICH. Abbreviations: BBB, 
blood brain barrier; MMP, matrix metalloproteinases; TNFa, 
tumor necrosis factor alpha. 



metalloproteinases (MMP) which increase the permeability of the blood brain barrier [52,53]. 

Delayed brain edema has been attributed, at least in part, to iron and hemoglobin degradation. Hemoglobin is 
metabolized into iron, carbon monoxide, and biliverdin by heme oxygenase. Studies in animal models show that 
heme oxygenase inhibition attenuates perihematomal edema and reduces neuronal loss [53]. Furthermore, 
intracerebral infusion of iron causes brain edema and aggravates thrombin-induced brain edema. In addition, 
iron induces lipid peroxidation generating reactive oxygen species (ROS), and deferoxamine, an iron chelator, 
has been shown to reduce edema after experimental ICH [53]. 

 Inflammatory mediators of secondary brain damage 

A robust inflammatory reaction occurs in the perihematomal area, contributing to secondary brain damage. 
Several cellular and molecular inflammatory mediators have been identified. 

 Cellular mediators 

Leukocytes infiltrate the perihematomal area in the first 24 hours. This process peaks on day two or three and 
disappears by days three to seven. Infiltrating leukocytes secrete proinflammatory mediators and generate ROS 
[68,69]. Reactive microglia in the perihematomal area has been demonstrated in a rat model as early as 4 hours 
after induction of ICH. Active microglia can express heme oxygenase, release cytokines (TNFa and interleukins), 
generate ROS, and contribute significantly to leukocyte recruitment and astrocyte activation in the 
perihematomal area [51,69,70]. 

In experimental models of ICH, an initial loss of astrocytes followed by strong astroglial activation in the core 
and in the perihematomal area has been observed [71,72]. Reactive astrocytes can contribute to local 
inflammation by secreting metalloproteinases and cytokines (TNFa, interleukins, and INF?) and by expressing 
inducible nitric oxide synthase [73]. Astrocytes can also modulate glutamate excitotoxicity and brain 
inflammation by decreasing the expression of microglial inflammatory mediators [74]. In addition, neurons 
become more resistant to oxidative stress in the presence of astrocytes, suggesting that astrocytes may influence 
neuronal survival in the post-ICH period [73]. 

 Molecular mediators 

The transcription factor NF-?B and its downstream inflammatory mediators, including TNFa and IL-1ß, are 
activated in the perihematomal area within hours of ICH [75,76]. TNFa and IL-1ß are also potent activators of 
NF-?B, leading to self-perpetuation of the inflammatory response. TNFa and IL-6 have been found to increase in 
the peripheral blood of patients with spontaneous ICH admitted within 24 hours of onset, and this rise is 
associated with the magnitude of subsequent perihematomal edema [51]. NF-?B may also contribute to local 
inflammation by activating heme-oxygenase and thus worsening iron- and ROS-induced toxicity. 

MMP are a family of endopeptidases involved in extracellular matrix remodeling. MMP are proposed to have a 
role in ICH-induced brain blood barrier disruption, thereby contributing to secondary brain damage by 
increasing vascular permeability and brain edema [68,77]. In a small series of patients with ICH, serum level of 
MMP-9 correlated with edema, and increased MMP-3 with 30-day mortality [78]. Deletion of the MMP-9 gene 
was shown to ameliorate edema formation in mouse ICH, supporting the role of this enzyme in secondary brain 
damage [79]. 

After an acute ICH, there is a surge of ROS released by neutrophils, vascular endothelium, and activated 
microglia and macrophages. Iron and iron-containing molecules, such as hemoglobin, can initiate oxidative 
stress within minutes after ICH. In animal models, other markers of ROS production (such as protein carbonyl 
and oxidized hydroethidine formation) are elevated in the perihemathomal area [69]. In addition to the direct 
toxic effect, ROS trigger an inflammatory response by activating NF-?B [51]. Peeling and colleagues [80] showed 
a significant reduction of the perihematomal neutrophil infiltration 48 hours after ictus using the free-radical-
trapping agent NXY-059 in a rat ICH model, suggesting that ROS have an important role in the 
physiopathology of the inflammatory response. 



Although much has been learned about the molecular and cellular mechanisms implicated in ICH, additional 
work is necessary to determine if pharmacologic manipulation of these mediators can improve outcome after 
ICH. 

 Medical management of intracerebral hemorrhage 

 Airway protection and mechanical ventilation 

Patients with large ICH, upper brain stem involvement, or hydrocephalus may have depressed consciousness 
and are at risk of airway obstruction and aspiration pneumonia. Patients with a Glasgow Coma Scale (GCS) 
score of less than or equal to 8 are usually intubated and mechanically ventilated. Before intubation, intravenous 
lidocaine (1 mg/kg–2 mg/kg) may be administered to prevent ICP elevation. Intravenous etomidate (0.1 mg/kg–
0.3 mg/kg) or short-acting barbiturates, such as thiopental (1.0 mg/kg–1.5 mg/kg) or propofol (10 mg–20 mg in 
incremental doses every 10 seconds) may be used for induction. Neuromuscular paralysis, if needed, may be 
accomplished with short-acting intravenous nondepolarizing agents, such as atracurium besylate (0.3 mg/kg–0.5 
mg/kg) and vecuronium bromide 0.01 mg–0.015 mg/kg [81]. Depolarizing agents may increase the ICP in those 
at risk and should therefore be avoided. Once the airway is secured, mechanical ventilation should be adjusted 
to ensure adequate ventilation and oxygenation. The role of hyperventilation to treat elevated ICP is discussed 
below. 

 Blood pressure control 

Elevated blood pressure is common acutely after ICH, even in patients without a prior history of HTN 
[60,82,83]. In most cases, blood pressure spontaneously declines over 7 to 10 days, and the maximal decline 
occurs over the first 24 hours [83]. Lowering blood pressure after ICH decreases long-term morbidity and 
mortality [60]; however, the management of hypertension immediately after ICH is a matter of debate. Issues 
such as the timing and magnitude of blood pressure lowering are still unsettled. 

Proponents of early blood pressure lowering argue that this practice may decrease the risk of hematoma 
expansion, cerebral edema, and systemic complications. On the other hand, opponents argue that lowering blood 
pressure may worsen secondary brain damage by causing cerebral ischemia, especially in the perihematomal 
area. 

At the time of this writing, several initiatives are underway in an effort to settle this controversy. The 
Antihypertensive Treatment in Acute Cerebral Hemorrhage (ATACH), funded by The National Institute of 
Neurologic Disorders and Stroke, is a multicenter open-labeled pilot trial that plans to recruit a total of 60 
subjects with acute supratentorial ICH who will be treated with intravenous nicardipine infusion to achieve the 
blood pressure goal of 110 mm Hg to 140 mm Hg, 140 mm Hg to 170 mm Hg, or 170 mm Hg to 200 mm Hg. The 
goal of this trial is to determine tolerability and safety of aggressive pharmacologic reduction of acutely elevated 
blood pressure after ICH [84]. An interim analysis of 58 patients showed that aggressive systolic blood pressure 
(SBP) reduction to 110 mm Hg to 140 mm Hg in the first 24 hours after ICH is well tolerated, with a low risk of 
hematoma expansion (n = 2; 3.5%), neurologic deterioration (n = 3; 5%), or in-hospital mortality (n = 2; 10%); 
however, the incidence of hematoma expansion was not statistically different among tiers [85]. 

The multinational phase III open-labeled pilot trial Intensive Blood Reduction in Acute Cerebral Hemorrhage 
(INTERACT), sponsored by the National Health and Medical Research Council of Australia, is also underway. 
This study is designed to establish whether lowering acutely elevated high blood pressure in ICH will reduce 
mortality or dependency at 3 months [86]. In its vanguard phase, subjects with ICH (n = 404), presenting within 
6 hours of stroke symptoms and SBP between 150 mm Hg and 220 mm Hg, were randomized to receive either 
intensive antihypertensive treatment (SBP goal of < 140 mm Hg) or a more conservative treatment (SBP goal of 
< 180 mm Hg). The systolic blood pressure after the first hour of treatment was an average of 14-mm Hg lower 
in the intensive treatment arm. The average hematoma growth and the frequency of significant hematoma 
growth (more than one-third the initial volume) were respectively 22.6% (95% CI = -0.6 to -44.6) and 36% (95% 
CI = 0 to 59) lower in the intensive group than in those patients treated conservatively [87]. 

Finally, the randomized double-blinded United Kingdom's Control of Hypertension and Hypotension 



Immediately Post-Stroke trial (CHHIPS) seeks to investigate whether hypertension and relative hypotension, 
manipulated therapeutically in the first 24 hours following acute stroke, affects short-term outcome [88]. 
Subjects with an acute ischemic or hemorrhagic stroke within the previous 36 hours and SBP greater than 160 
mm Hg are being randomized to receive either antihypertensive drugs (lisinopril or labetalol) or placebo at 
increasing doses for 14 days to achieve the target SBP of 145 mm Hg to 155 mm Hg or greater than or equal to 
15 mm Hg reduction in SBP from baseline values. This trial plans to recruit a total of 1,650 subjects with stroke 
and hypertension; the interim analysis of 179 subjects showed that the 30-day mortality in the placebo group 
was 2.2 times higher than in the antihypertensive arm (95% CI = 1.0 to 5.0) [89]. 

The final results of these clinical trials will help to define optimal hemodynamic parameters for the management 
of acute ICH. In the interim, the American Heart Association Guidelines for the Management of Spontaneous 
Intracerebral Hemorrhage in Adults should be consulted for suggested management recommendations (Box 2). 
If blood pressure lowering is elected, short-acting intravenous medications are preferred (Table 2). 

Box 2. American Heart Association guidelines for treating elevated blood pressure after ICH 

Table 2. Intravenous medications that may be considered for blood pressure control in patients with ICH 

 Intracranial hypertension 

The incidence of elevated ICP after ICH is unknown. ICP may be elevated because of increased intracranial 
content caused by the hematoma mass, cerebral edema, or hydrocephalus. As previously discussed, increased 
ICP can lower the CPP and, consequently, the CBF causing hypoperfusion (see Fig. 3). Hypoperfusion can 
trigger reflex vasodilatation, increasing the cerebral blood volume and the ICP in a vicious cycle that can have 
devastating consequences. Different approaches are available to measure the ICP. The pros and cons of each of 
these techniques have been reviewed previously and are beyond the scope of this article [57]. 

In practice, ICP monitoring is often employed in comatose patients (GCS = 8) using a fiberoptic parenchymal 
probe or an intraventricular catheter. The goal of ICP management is to assure an adequate CBF by targeting 
an ICP below 20 mm Hg and CPP above 70 mm Hg [57]. This can be achieved by using different approaches. 
The simplest one is elevating the head of the bed to 30° and keeping the head midline. This may lower the ICP by 
improving jugular venous outflow without significantly lowering CPP, CBF, or cardiac output [90,91]. In cases 
of hypovolemia, this approach can lower the cardiac output and the CBF and should therefore be avoided [90]. 

 SBP greater than 200 mm Hg or MAP greater than 150 mm Hg: consider continuous intravenous 
antihypertensive infusion, with frequent blood pressure monitoring. 

 SBP greater than 180 mm Hg or MAP greater than 130 mm Hg and evidence of or suspicion of elevated 
ICP: consider monitoring ICP and intermittent or continuous intravenous antihypertensive medications 
to maintain cerebral perfusion pressure greater than 60 mm Hg to 80 mm Hg. 

 SBP greater than 180 mm Hg or MAP greater than 130 mm Hg and no evidence of or suspicion of 
elevated ICP: consider modest reduction of blood pressure (eg, MAP of 110 mm Hg or target blood 
pressure of 160/90 mm Hg) using intermittent or continuous antihypertensive intravenous medications 
and clinically reexamine the patient every 15 minutes 

Drug Intravenous bolus dose 
Labetalol 5 mg-20 mg every 15 min 
Nicardipine NA 
Esmolol 250 ug/kg IVP loading dose 
Enalapril 1.25 mg-5 mg IVP every 6 ha 
Hydralazine 5 mg-20 mg IVP every 30 min 
Na nitroprusside NA 
Abbreviations: IVP, intravenous push; NA, not applicable. 



In patients with reduced intracranial compliance, agitation and pain can cause ICP elevation. Analgesics, such 
as morphine or alfentanil, and sedatives, such as propofol, etomidate or midazolam, may lower ICP [92]. 
However, these medications can also lower the MAP and increase the ICP because of autoregulatory dilation of 
cerebral vessels; thus, they should only be used with caution. 

Hyperventilation, targeting a CO2 level of 30 mm Hg to 35 mm Hg, is one of the most effective and immediate 
methods to reduce ICP [93]. However, hypocarbia can lower CBF and has a short-lived effect [93]; furthermore, 
prolonged severe hyperventilation (pCO2 < 25 mmHg) can cause vasoconstriction and ischemia [90]. Osmotic 
agents, such as mannitol and hypertonic saline (3%–23.4%) are often used to treat elevated ICP. Mannitol is an 
osmotically active agent that increases diuresis and lowers the ICP by drawing fluid from edematous and 
nonedematous brain tissue; however, single-photon emission computed tomography studies did not show 
evidence of regional CBF changes after mannitol infusion in ICH patients [94]. It has been proposed that by 
decreasing the blood viscosity, mannitol may cause reflex vasoconstriction and lower the cerebral blood volume 
[95]. The initial recommended dose of mannitol 20% solution is 0.25 g/kg to 1 g/kg, with repeat doses of 0.25 
g/kg to 0.50 g/kg every 3 to 6 hours [90]. The main adverse effects are hypovolemia, worsening of congestive 
heart failure because of the initial intravascular volume expansion, acute tubular necrosis, and hypokalemia 
[90]. Intraventricular catheters can be used for CSF drainage. This can effectively lower the ICP, particularly in 
patients with obstructive hydrocephalus. However, it carries the risk of cerebral hemorrhage and infection and 
has not been shown to improve outcome [96,97]. In refractory cases of intracranial hypertension, barbiturates in 
high doses can be effective. Barbiturates decrease cerebral metabolic activity, cerebral blood flow, and ICP [98]. 
This method requires continuous electroencephalography. The dose of barbiturate (usually pentobarbital) is 
titrated with the goal of achieving burst suppression activity. Complications of barbiturate administration 
include decreased systemic vascular resistance and myocardial contractility, arrhythmia, and predisposition to 
infection [90]. 

 Antithrombotic- and anticoagulant-associated brain hemorrhage 

 Anticoagulants 

The treatment of AAICH begins with rapidly reversing the coagulopathic state to minimize the risk of 
hematoma expansion. Warfarin has a half-life of 36 to 42 hours and, therefore, its withdrawal alone is not 
sufficient. Intravenous vitamin K 10 mg takes at least 6 hours to normalize the INR, carries the risk of 
hypotension and anaphylaxis, and should be infused slowly [99]. Fresh frozen plasma (FFP) can be used to 
replace vitamin K-dependent coagulation factors. However, FFP requires compatibility and thawing before 
transfusion; in addition, it can cause allergic reactions and has a variable and unpredictable concentration of 
individual coagulation factors [100]. Furthermore, at the recommended dose of 15 mL/kg to 20 mL/kg, the large 
infused volume may cause fluid overload and is time-consuming, making FFP an impractical approach. 
Prothrombin complex concentrate (PPC) contains factors II, VII, IX, and X. The recommended dose of PPC is 
calculated according to body weight, degree of INR prolongation, and desired level of correction; typically, 
dosages are 15 units/kg to 50 units/kg. Unlike FFP, it does not require compatibility or thawing before 
transfusion, and only small infusion volumes are necessary [100]. Several limited studies suggest that 
prothrombin complex concentrate corrects a prolonged INR faster than FFP [101,102,103]; however, an 
improvement in clinic outcome has not been demonstrated. The main concerns with prothrombin complex 
concentrate are the potential to induce thrombosis and disseminated intravascular coagulation [57]. 
Recombinant activated factor VII (rFVIIa) also can correct the INR within minutes of its infusion without the 
risk of fluid overload and incompatibility seen with FFP [104]. However, it is not clear if INR correction 
translates to correction of coagulopathy. 

Parenteral anticoagulants, such as unfractionated heparin (UH), low molecular weight heparin (LMWH), 
hirudin derivatives, and argatroban may also cause ICH. The incidence, associated risk factors, and prognosis 
have not been reported. Intravenous heparin has a half-life of 60 minutes and its effect can be reversed with 
protamine sulfate (PS). The dose of PS needs to be adjusted according to the time elapsed since the last dose of 
heparin. The recommended dose of PS is 1 mg per 100 units of UH if the heparin was stopped within the last 30 
minutes, 0.5 mg to 0.75 mg per 100 units of UH if stopped for 30 to 60 minutes, 0.375 mg to 0.5 mg per 100 units 
of UH if stopped for 60 to 120 minutes, and 0.25 mg to 0.375 mg per 100 units of UH if stopped for more than 
120 minutes [105]. PS is infused slowly, not exceeding 5 mg per minute because of its risk of causing severe 
hypotension. Reversal of LMWH with PS is poorly documented or variable in human beings [105,106]. The dose 



recommended is 1 mg of PS for each millegram of LMWH administered in the last 4 to 8 hours [106]. Hirudin-
derived anticoagulants and argatroban are potent thrombin inhibitors. Antidotes are not available; suggested 
approaches include using desmopressin acetate 0.3 µg/kg, plasma concentrates containing von Willebrand 
factor, rFVIIa, and dialysis [106]. 

 Antiplatelets 

In the acute phase, it is common practice to transfuse five units of platelets to counterbalance the effect of 
antiplatelet agents [1,106,107]. However, controlled trials addressing the management of ICH in this setting are 
lacking. 

 Thrombolytics 

The treatment of thrombolytic associated ICH is empiric and includes infusion of six to eight units of platelets 
and ten units of cryoprecipitate [1,106]. 

 Reinitiating anticoagulant therapy 

Whether or not antithrombotic therapy should be restarted and when it is considered safe after ICH is 
controversial. Published guidelines state that the decision should be individualized [1]. In patients with an 
expected low risk of cerebral infarction and high risk of CAA, or with poor neurologic function, the possibility of 
using an antiplatelet agent instead of anticoagulants may be considered [1]. In those patients with high risk of 
thromboembolism in whom reinitiating anticoagulation is deemed necessary, warfarin may be restarted 7 to 10 
days after ICH [1]. 

 Antiepileptic drugs 

Seizures are common after ICH. In a large clinical series, the overall 30-day seizure incidence was 8.1% [108]. 
However, seizure risk may vary by ICH location. In the Northern Manhattan Stroke Study, seizures were seen 
in 14% of subjects with lobar and 4% of subjects with deep ICH in the first 7 days [109]. Studies using 
continuous electrographic monitoring have reported a much higher (28%–31%) incidence of seizures. Over half 
were clinically unrecognized [110,111]. Electrographic seizures have been associated with expanding hematoma 
and lobar ICH [110,112]. Seizures increase the cerebral metabolic rate that can increase CBF and ICP, even in 
patients who are sedated or paralyzed [91]. Pharmacologic seizure management commonly includes the use of 
intravenous antiepileptic medications. The most commonly used medications are benzodiazepines, such as 
lorazepam or diazepam, followed by phenytoin or fos-phenytoin. Valproic acid and phenobarbital are used less 
often. Levetiracetam is a newer anticonvulsant that is also increasingly being used in the management of 
critically ill patients [113]. It has a more benign adverse effect profile and fewer drug interactions than older 
anticonvulsants. 

 Hemostatic therapy 

A phase II clinical trial in spontaneous ICH suggested that rFVIIa might limit hematoma growth, reduce 
mortality, and improve functional outcomes at 90 days with a small increased frequency of thromboembolic 
adverse events [48]. Unfortunately, the survival benefit and improved functional outcome were not reproduced 
in a larger phase III trial [114]. A post hoc exploratory analysis showed that with an earlier treatment window 
and exclusion of known determinants of poor outcome at baseline (age and magnitude of ICH and 
intraventricular hemorrhage), a subgroup of ICH patients may still benefit from rFVIIa [115]. Although 
promising, the role of this drug in ICH management is still uncertain. 

 General medical management 

 Glucose 

Hyperglycemia (>140 mg/dL) is common after ICH in diabetic and nondiabetic patients, and elevated glucose 
level has been associated with increased mortality [116,117,118]. Thus, there is general consensus that 



hyperglycemia should be treated in these patients [1]. Of note, a significant association has been observed 
between admission blood glucose and higher MAP, larger hematoma volume, greater lateral shift of cerebral 
midline structures, intraventricular and subarachnoid extension, hydrocephalus, and disturbed consciousness, 
which are all markers of ICH severity [118]. This suggests that hyperglycemia may be a stress reaction to ICH 
rather than the direct cause of increased brain damage and higher mortality. Clinical trials to define the optimal 
approach to hyperglycemia in acute ICH are needed. In lieu of additional data, published guidelines recommend 
treatment with insulin for glucose of greater than 185 (and possibly >140) [1]. 

 Temperature management 

The incidence of hyperthermia in ICH is high, especially in patients with intraventricular hemorrhage. One 
study reported elevated temperature on admission in 19% of patients with ICH, and in almost 91% of the 
patients during the first 72 hours after hospitalization [119]. Fever is associated with early neurologic 
deterioration and is a poor outcome risk factor in ICH [68,119]. Fever should trigger aggressive assessment for 
an infectious source, which should be promptly treated with an appropriate antibiotic regimen. Elevated 
temperature may be treated pharmacologically using antipyretics, or mechanically, using surface or 
intravascular cooling devices. The role of hypothermia as a possible neuroprotectant strategy is under 
investigation [120,121,122]. 

 Fluids 

Hypovolemia can decrease cerebral and systemic organ perfusion and should be avoided. Hypo-osmolarity may 
lead to fluid shifts that can worsen cerebral edema and increase secondary brain damage. Additionally, the 
blood-brain barrier in ICH is disrupted and allows molecules, such as glucose, to extravasate from the 
intravascular to the extracellular space. Glucose is an osmotically active molecule that can draw water into the 
interstitium, further worsening cerebral edema; thus, glucose-containing fluids should be avoided except in 
patients with hypoglycemia. Isotonic intravenous saline should be infused to maintain an euvolemic state. 

 Deep venous thrombosis prophylaxis 

ICH patients are at risk of developing deep venous thrombosis (DVT) and pulmonary embolism (PE) because of 
prolonged immobilization. A retrospective study of 1,926 consecutive patients with ICH reported the incidence 
of DVT to be 1.9% [123]. In another study, asymptomatic DVT was detected by lower extremity Doppler at day 
10 in about 16% of the ICH patients wearing elastic stockings alone, and in 4.7% of those using elastic stockings 
and intermittent pneumatic compression devices [124]. DVT prophylaxis initiated on day two after ICH with 
5,000 units of heparin subcutaneously three times daily has been reported to be safe without increasing the risk 
of rebleeding [125]. However, the safety of more aggressive anticoagulation in patients with ICH who develop 
DVT or PE is unclear. Until further study, immediately after ICH, patients with DVT or PE should be 
considered for inferior vena cava filter placement. 

 Nutrition 

Dysphagia is common after ICH. Because of increased aspiration risk, patients with stroke are usually kept on a 
nothing-by-mouth regimen over the first few days after admission. It is during the first week that a 
hypermetabolic state with increased catabolism of protein and fat occurs [126]. Measuring biochemical and 
anthropometric parameters during the first week after admission, a small study observed that almost 62% of 
consecutive ICH patients are malnourished or undernourished [127]. In the large multicenter Feed or Ordinary 
Food trial, the initiation of tube feeding within the first 7 days after stroke showed a 5.8% (95% CI = -0.8 to 
12.5) absolute reduction in case fatality compared with those in whom tube feeding initiation was delayed for 
more than 7 days [128]. The caloric and nutritional requirements of ICH patient should be monitored closely 
and enteral feeding should be initiated as early as possible to avoid undernourishment and reduce stress gastritis 
risk. 

SUMMARY 

Knowledge of the underlying mechanisms of neural injury after ICH, as well as its associated complications, has 



markedly increased over the last 10 years. However, further research is needed to answer key questions 
regarding the management of ICH patients. 
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