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Definition

Spontaneous intracerebral (intraparenchymal) hemorrhages (SICH) are characterized by a non-traumatic bleeding
into the brain parenchyma.
 They account for 10 to 15% of cerebrovascular accidents (CVA) (stroke), and together with subarachnoid
hemorrhage, are categorized as hemorrhagic strokes.
 They are primary in most cases, that is, in relation to the rupture of small vessels damaged by high blood pressure
(hypertension) or chronic amyloid angiopathy (11). They can also be secondary (20% of the cases) to an underlying
macroscopic lesion such as an arterial aneurysm, an arteriovenous malformation, a tumor or related to any cause of
coagulopathy. Only primary ICH will be covered in this chapter.

1 - Epidemiology

The annual incidence of primary ICH is between 10 to 20 cases per 100,000 inhabitants. It increases with age (2/3
occur after the age of 75), and is higher among males (12,15,41). Contrary to what is observed for cerebral
infarctions, the overall incidence of ICH has not declined in the past decades (45). Epidemiological studies suggest a
decrease in the incidence of ICH in patients under 75 years (probably due to a better management of hypertension)
and an increase in the elderly (due to amyloid angiopathy and antithrombotic drugs).  Finally, the risk of ICHs is
increased in the Asian population (45).

2 - Risk Factors (RF)

Known risk factors for primary SICH include (1):

•  a- HBP: This is the single most important RF, especially in smokers (5). The risk correlates with the severity of
hypertension. A good blood pressure control can decrease this risk (21).

•  b- Alcohol consumption increases the risk of primary SICH by inducing changes in brain vasculature and
disrupting hemostasis (25).

•  c- Other RFs are more anecdotal and include: diabetes mellitus, factor §III mutation, the presence of µ2 and µ4
alleles of the apolopoprotein E  gene (1,7,34).

3 - Anatomopathology

a- Causal lesions

Two types of lesions account for the rupture of small cerebral vessels and are both secondary to chronic
hypertension: hypertensive angiopathy and amyloid angiopathy.

•  Hypertensive angiopathy: chronic hypertension induces a reduction in arterial compliance. These vessels
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which are more rigid, will therefore have a decreased tolerance to potential spurts in blood pressure, thus a
tendency to rupture. This phenomenon is observed mainly in small perforating arteries (50-700 ¼m in diameter)
as reflected in the topographic distribution of the hematoma (see Anatomy) (42). There are often several sites of
rupture, characterized by a breach in the elastic layer, atrophy of smooth muscle and cellular degeneration. This
is often associated with atherosclerotic lesions. Historically in 1868, Charcot and Bouchard attributed the
vascular rupture to the presence of micro aneurysms (called Charcot-Bouchard microaneurysms). However,
electron microscopic studies have actually shown that these lesions are sub-adventitial hemorrhages, outdating
the concept of microaneurysms (10,42).

•  Amyloid angiopathy: it is characterized by the presence of ²-amyloid deposits in small and medium size
arteries, thus inducing degenerative lesions of the arterial wall. These lesions are mainly located in the cortical
leptomeningeal arteries and the cerebellum, hence explaining the topographic predilection of the hematoma at
these sites.

b-The hematoma

The blood usually clots within the cleavage planes of the white matter, with a relatively limited neuronal destruction.
However, under the influence of different toxins released in-situ, peri-lesional edema, neuronal damage and
infiltration by macrophages and neutrophils occurs (32).

++++

Anatomy

Primary SICHs are located near small perforating arteries [thalamus and basal ganglia (50%), brainstem (mainly the
pons) and cerebellum (20%)] or at the cortico-subcortical level [in case of amyloid angiopathy (30%)] (32). In case of
deep hematoma, ependymal disruption may occur with the extravasation of blood in the ventricular system leading to
intraventricular hemorrhage (IVH). IVH as we will see later is a major factor for the severity of the hematoma
justifying the use of specific therapeutic measures.

Pathophysiology

Vascular rupture occurs within small vessels and diffuses into the parenchyma.
 Nota Bene: Contrary to what was initially thought, the hematoma often continues to increase volume for several
hours after its occurrence, usually within 3 hours of the onset of bleeding, but this may continue for 12 to 24 hours
(23). Thus 26% of patients have an increase in size of the hematoma within the hour of diagnosis, and 12% in the
first 24 hours (6). Moreover, the production from the clot of osmotically active proteins into adjacent parenchyma
quickly induces the appearance of early edema (47).
 Secondarily, the disruption of the blood-brain barrier, dysfunction of various ionic channels and neuronal death
induces cytotoxic and vasogenic edema (48). The induction of this secondary edema seems to be related to the
toxicity of the degradation products of the hematoma such as iron, and not in connection with an ischemic event as
originally thought of (47,48,49). This is important because most pharmacological trials are derived from this concept
(including trials testing the iron chelators, such as deferoxamine). This peri-lesional edema occurs mainly in the first
24 hours, however it evolves slowly to reach a maximum volume 5-6 days after the onset of bleeding (14,22).
 The increased volume of the hematoma and peri-lesional edema over several hours clearly explains the progressive
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neurological deterioration often observed during the first hours after the onset of symptoms.
 In case of ventricular bleeding, the blood clots may cause an obstruction of the CSF flow leading to hydrocephalus.
This is generally rapid and responsible for significant mortality. Secondarily, the breakdown products of the IVH will
exert significant toxicity on the ependyma, which can lead to impaired absorption of CSF and thus to communicating
hydrocephalus (19).

Clinical picture

A clinical picture of neurologic symptoms of sudden onset should primarily evoke the diagnosis of a CVA but there
are no signs specific for the hemorrhagic type.
 The clinical features depend on the location and extension of the hematoma.
 1 - The manifestations of intracranial hypertension (ICHTN) are common and classical: headache, vomiting and
impaired alertness to coma (to be evaluated by the GCS). They are due to the direct or indirect compression of the
thalamus and reticular formation (39, 30, 39).
 2 - A meningeal syndrome can be observed in case of subarachnoid or intraventricular extension (29).
 3 - Deep ICH (thalamus, putamen, caudate nucleus) by compressing the internal capsule, may cause contro-lateral
hemiplegia (43).

4 - Lesions of the subcortical white matter can interrupt the activity of different cortical regions causing various
dysfunctions or neurological deficit (including but not limited to): aphasia, homonymous hemianopia, hemiplegia,
frontal syndrome ... (43)
 5 - Brainstem lesions may include (but not limited to): gaze abnormality, cranial nerves lesions, contralateral
hemiplegia ... (35)
 6 - Cerebellar hemorrhage causes  cerebellar syndrome (35).
 None of these signs are specifi, the diagnosis is made on imaging.
 Almost a quarter of patients will have a deteriorating level of consciousness in the early hours of the treatment: when
it occurs within the first 3 hours after onset of symptoms, it is most often due an increase in the volume of the
hematoma. When it occurs within 24-48 hours, it is usually due to an increase in the peri-lesional edema (27,36).
 ++++

Imaging

1/Techniques

Non-contrasted Computed Tomography (CT) Scan remains the gold standard for the diagnosis of ICH. However,
MRI T2 * has the same sensitivity and has the advantage of being able to differentially diagnose it from an ischemic
lesion. Both techniques can therefore be used, with the choice depending largely on the availability of machines (I, A)
(8). It is worth noting that in case of early imaging (less than 3 hours), the bleeding may still be active. The
identification of patients with active bleeding and therefore a risk of neurological deterioration could be of therapeutic 
interest although this attitude has not yet been validated (IIb, B). Active bleeding can be demonstrated by the
extravasation of contrast product into  the hematoma, visible on both  CT and MRI angiographies (3,16).

2 / Radiological semiology (25)
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a-CT
 During the acute phase, the ICH appears  as a spontaneous intraparenchymal hyperdensity, exerting a mass effect
on adjacent structures. A hypertensive cause is suspected with deep seated hematoma (Figure 1).

 Figure 1: Left capsular and thalamic spontaneous intraparenchymal hematoma whose topography is
suggestive of a hypertensive cause.

When the hematoma is lobar, it does not preclude a hypertensive cause but amyloid angiopathy is more likely in
older patients (Figure 2).

 Figure 2: Left parietal-occipital lobar hematoma, suggestive of amyloid angiopathy in a hypertensive and / or
aged patient. The cortical nature and its large volume is an indication for surgery.

From Day 3 a ring of hypodensity appears reflecting an increase in the peri-lesional edema. Secondary hemoglobin
degradation will cause a change in the density of the hematoma: the hyperdensity will decrease from the periphery to
the center as from D4-D5. From the 2nd to the 9th week the hyperdensity decreases and is replaced by an iso- and
then a hypodensity. It then remains as a hypodense "scar".

b-MRI
 The topography and morphology of the ICH on the MRI are of course superimposable to the CT description. The
paramagnetic properties of the hemoglobin degradation products produces a complex MRI signal change with time,
which we will  briefly describe (Table 1):

 T1 Sequence  T2 Sequence

 Acute : 8-72h  Isointense  Hypointense

 Early Subacute (D3-D7)  Isointense with peripheral hypersignal  Hypointense

 Late SubAcute (First Week-Month)  Hyperintense  Hyperintense peripheral hyposignal

 Late (Month-Years)  Hypointense  Hypointense

Table 1 :  Evolution of MRI signal of the hematoma with time according to MRI sequence used
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•  In the Acute stage (8 to 72H), the signal will be determined by the presence of intracellular deoxyhemoglobin:
the hematoma will appear as isointense on T1 and hypointense on T2. This T2 hypointensity is even more
pronounced on T2 gradient echo (T2 *), which makes it the reference sequence for the early MRI diagnosis.

•  In the Early Subacute Stage (D3-D7, Figure 3a and b): the intracellular methemoglobin will cause a peripheral
hyperintensity on T1 weighted images and hypointensity on T2 weighted images.

 Figure 3: MRI axial cut of a right capsular and thalamic hematoma in the  early subacute phase (D3-D7).
On T1W1 -the hematoma appears as a central isointensity with a hyperintense rim (a).On T2W1, the
hematoma appears hypointense (b).

•  In the Late Subacute Stage (first week- month, Figure 4a and b), T1 hyperintensity  and  a central T2
hyperintensity with hypointense peripheral borders  in relation to the presence of extracellular methemoglobin.

 Figure 4: MRI axial cuts of a cortico-subcortical hematoma  in the late subacute phase (weeks-months).
T1W1-, hematoma begins to appear hyperintense T1 (a). In T2W1, the hematoma is hyperintense with a
hypointense peripheral ring (b).

•  Late-stage (month-year), hypointensity on both T1 and T2 related to hemosiderin deposits.
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3/Diagnosis of secondary ICH (differential diagnosis)

a-Etiology of secondary ICH
 Faced with ICH one should exclude a lesion underlying the hematoma such as: arterial aneurysm, arteriovenous
malformation, dural fistula, cavernoma, venous angioma, cerebral venous thrombosis, brain tumor, cerebral vasculitis.

b-Techniques
 MRA and CTA are sufficiently sensitive and specific to detect an underlying cause, and are therefore indicated as
first-line examinations (31). In the event of a strong clinical index of suspicion or any doubt about the MRA or CTA
findings, conventional angiography which is the gold standard should be performed (31). If there is a very strong index
of suspicion, these tests may be repeated remotely.

c-Indications
 When should a secondary cause for ICH be suspected and when should vascular imaging be done? The following
criteria were considered discriminative to request for these complementary tests (IIa, B) (31.50):

•  Context: Patient under 45 years with a negative history of hypertension.
•  Clinically: neurological symptoms (headache, deficit ...) preceding the SICH.
•  Radiologically: Associated subarachnoid hemorrhage.
•  Lobar ICH: superficial, supratentorial.
•  Isolated intraventricular hemorrhage.

Prognostic factors

The mortality rate at six months is between 23 and 58%, and almost half of survivors will live a dependent life
(26,40,44).  Prognostic factors of death in the short term are as follows (9.20):

•  advanced age.
•  an initial low GCS score.
•  the volume of ICH, which can be determined by the formula   ABC/2 (see section on score).
•  an increase in the volume of the hematoma.
•  an associated IVH of which the severity directly correlates to mortality. This can be evaluated using the Graeb's

score (see section on score).

For example, a patient with a GCS less than 9 and an ICH volume greater than 60 ml has a one month mortality risk of
 90%, whereas a patient with a GCS score of above 9 with a hematoma of less than 30 ml carries a one month
mortality risk of 17% (4).

Scores

1 / Calculation of the hematoma volume  (Figure 5)
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 Figure 5a, b, c: Calculation of the volume of the hematoma according to the / 2 ABC rule, or A, B and C are
the greatest diameters of the hematoma in the 3 planes. Here is A = 5.5 cm, B = C = 6 cm and 6.5 cm, so an
estimated volume was 107.5 ml.

The volume of the hematoma can simply calculated using the following formula (4):
 <span class='spip_document_348 spip_documents spip_documents_left'  style='float:left; width:163px;'>

Where A, B and C are the largest diameter of the hematoma in centimeter in 3 the spatial planes.

 2 / Graeb Score (Figure 6) (17)

 Figure 6 a, b and c: spontaneous capsule-thalamic hematoma with right ventricular extension. Graeb score =
8/12.
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Is designed to evaluate the severity of the IVH. It is quoted on 12 and the components are:

A-Lateral ventricles (Right and Left lateral ventricles scored separately):
 1 = trace of blood or moderate bleeding.
 2 = less than half the ventricle filled with blood.
 3 = more than half of the ventricle filled with blood.
 4 = fully filled with blood and dilated ventricle.

B-Third and fourth ventricles (Third and Fourth ventricles scored separately):
 1 = blood present, size normal
 2 = filled with blood and expanded

Graeb score = right ventricular score + left ventricular score + 3th ventricular score + 4th ventricular score

3/ Mortality Prognostic Score (20)

The following score based on independent prognostic factors of death, enables us to determine the risk of mortality at
1 month after the initial episode. There is a linear relationship between the score and the risk of death.
 At 0, the risk of death is zero. At 6, the risk is more than 80%.
 Method of calculation:
 a-GCS score:
 3-4 =2 points
 5-12 = 1 point
 13-15 = 0 point
 b- ICH Volume, cm3 :
 e30 : 1 point
 <30 : 0 point
 c-Intraventricular Hemorrhage:
 Yes: 1 point
 No : 0 point
 d- Infratentorial Origin of Hemorrhage:
 Yes : 1 point
 No : 0 point
 e-Age, years:
 e80 : 1 point
 <80 : 0 point
 Total Score: 0-6
 ++++

Treatment options

The principles of treatment described below are from the 2010 recommendations of the American Heart Association
and American Stroke Association (31).
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1 / Management.

In contrast to the current general attitude, the decision of therapeutic abstention and resuscitation should not be made
until at least 48 hours of appropriate and intensive care. Given the absence of perfectly reliable predictive factors, any
patient with SICH, even seemingly severe cases, should benefit from intensive care. However, this recommendation
does not apply when the indication for non-resuscitative care is related to the patient's past history (such as
untreatable neoplasia, major organ failure ...) or a patient in a state of apparent brain death. Reevaluation is then
necessary after 48H and the decision whether to continue or discontinue care should be taken during a
multidisciplinary meeting.

•  The patient should be initially admitted in a neurovascular intensive care unit or even a neurointensive care with
trained and competent personnel in the management of this pathology (I, B).

2 / Medical Treatment

a- A normal blood sugar should be maintained (insulinotherapy protocol) (I, C), and if possible hyperthermia should
be avoided.

b-Antiepileptic treatment
 Any symptomatic epileptic crisis should be treated and the treatment continued for several months (I, A). Prophylaxis
is not indicated (III, B).

c- Blood Pressure Control
 The current recommendations are:

•  If the systolic blood pressure (SBP) is greater than 200 mmHg or Mean Arterial Pressure (MAP) is greater than
150 mmHg, intravenous antihypertensive therapy (eg nicardipine IV) should be given rapidly and BP (blood
pressure) be monitored every 5 minutes.

•  If the SBP e 180 mm Hg or MAP e 130mmHg and there is a strong likelihood of increased intracranial pressure, it
is advisable to monitor the intracranial pressure (ICP) and control the BP with IV antihypertensive drugs in order
to maintain a cerebral perfusion pressure (CPP) e 60 mmHg.

•  If the SBP e 180 mmHg or MAP e 130mmHg without signs of intracranial hypertension, set up an IV
antihypertensive treatment accompanied by clinical monitoring.

•  In general, for patients with SBP between 150 and 220 mmHg, reducing it to around 140 mmHg, seems
reasonable provided it is not deleterious on the CPP (IIa, B).

d-Any patient with a deficiency in coagulation factors or thrombocytopenia should have a rapid correction of the
deficit (I, C). Specific cases:

•  Patients on vitamin K antagonist (VKA): This is a frequent occurrence (12-14% of SICH (36)), imposing specific
measures: stop oral anticoagulant, immediate correction of the vitamin K dependent deficient coagulation factor 
by PPSB[Prothrombin-Proconvertin-Stuart Factor-Antihemophilic Factor B] (Kascadil for example) associated with
a parenteral injection of vitamin K (with delayed effect) (I, C). The objective is to obtain an INR of 1.

•  Patients on antiplatelet agents: immediately stop the antiplatelet. The administration of platelets is not indicated,
unless surgery is planned (IIb, B).

e-Prevention of thromboembolic complications:
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•  Stockings combined with intermittent pneumatic compression (I, B).
•  Preventive anticoagulation: it must be considered between D1 and D4 in a bedridden patient, provided there is

evidence of cessation of bleeding (on control images) (IIb, B).

3 / Neurosurgical Management

a-Intracranial Pressure (ICP) Monitoring
 There is no data in the literature confirming the benefit of ICP monitoring in ICH in terms of functional outcome and
mortality. The proposed indications are an extrapolation of the indications defined for head trauma. ICP Monitoring
may be proposed in the following situations:
 GCS d 8, signs of temporal herniation (mass effect), hydrocephalus or IVH on the CT Scan (IIb, C).
 The choice of using a fiberoptic ICP device or an External Ventricular Drain (EVD) depends on the situation. An ICP
monitoring device with less complications should be preferred except in cases of hydrocephalus or IVH where only the
EVD allows for an effective ICP control.
 The ICP must be controlled so as to obtain a CPP between 50 and 70 mmHg.

b-Intraventricular Hemorrhage(IVH)
 Occurring in approximately 45% of the cases with SICH, it constitutes a major factor for the severity of the ICH and is
a subject for intense research (19). The current standard of treatment of IVH is EVD to control hydrocephalus.
However EVD does not enable a rapid drainage of the IVH, and does not seem to improve the functional outcome
(33). It was therefore proposed to inject via the EVD catheter a fibrinolytic agent (tPA or urokinase) to lyse the clot and
thus accelerate the resolution of IVH. A recent meta-analysis of observational studies showed that intraventricular
fibrinolysis (IVF) markedly decreased mortality and improved functional outcome, without increasing complications
(13). However, no good quality randomized clinical trial has been so far published, and IVF cannot be strongly
recommended, but its use decided upon on a case-by-case basis (IIa, B).

c- Surgical Treatment.
 In most cases of ICH, surgical evacuation is not indicated (IIb, C). There are however some special cases:

•  Cerebellar ICH compressing the brainstem or  causing obstructive hydrocephalus in a patient with neurologic
deterioration. This indication is almost unquestionable (I, B) (Figure 7). EVD alone is not recommended.

•  In case of supratentorial ICH, a recent meta-analysis on individual data suggests a benefit of surgery in the
following situations (IIa, B) (18):

•  Patients under age 69
•  GCS between 8 and 12
•  Hematoma volume between 20 and 50 ml
•  No associated IVH
•  Surgery performed within 8 hours of onset of symptoms
•  ICH located less than a centimeter from the cortex (Figure 2).
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 Figure 2: Left parietal-occipital lobar hematoma, suggestive of amyloid angiopathy in a hypertensive and
/ or aged patient. The cortical nature and its large volume is an indication for surgery.

The surgical procedure, which would not elaborated on here, must be performed under standard neurosurgical
conditions, that is : by a conventional craniotomy. The authors recommend not to completely evacuate the hematoma 
(but at least 70%) in order to reduce the risk of rebleeding from the walls of the cavity. Currently, endoscopy or
stereotactic techniques (associated or not with fibrinolytics) have not demonstrated their effectiveness and are under
research (IIb, B).

4 / Long-Term Management

a-Rehabilitation
 Any patient with an ICH should be appropriately rehabilitated as soon as possible in a specialized center (IIa, B).

b-Prevention of recurrence
 The prevention of recurrences is based on:

•  Treatment of arterial hypertension; the target blood pressure should be <140/90 mmHg (I, A). But it is likely that
lowering of blood pressure is also beneficial in non-hypertensive subjects.

•  Resumption of anticoagulants: it depends on their underlying indication and the topography of the ICH. In case of
non-valvular atrial fibrillation at high risk of embolism, the resumption of VKAs may be considered if the ICH is
deep (no argument for amyloid angiopathy) and if the predisposing factors for ICH (notably hypertension) are
controlled (IIa, B).

•  Avoiding excessive alcohol abuse seems also to decrease the risk of recurrence (IIa, B). ++++

Prognosis

The mortality rate at six months is between 23 and 58%, and almost half of the survivors will live a dependent life
(26,40,44). Recurrence rates are between 2.1 and 3.7% per patient per year. The  risk of recurrence is much higher
when the site of the first hematoma is lobar (indicative of  a probable underlying amyloid angiopathy) than when its
topography is suggestive of  a hypertensive hematoma (2.46 ).

Prospects
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Therapeutic possibilities in the current management of ICH are unfortunately very limited. It is however reasonable to
remain hopeful on the following domains:

•  Prevention is essential and rests on a good control of hypertension -the main risk factor for ICH, and the proper
use of antithrombotic drugs.

•  Restricting an increase in the volume of the hematoma in the early hours, using hemostatic agents. Up to now,
one trial has been conducted using recombinant Factor VIIa, which unfortunately failed to demonstrate any
functional benefit (28). A new trial is underway selecting patients with documented active bleeding.

•  Controlling the secondary effects of cytotoxic edema. Iron chelators, such as deferoxamine, are promising, as
well as some anti-oxidant molecules. Their efficacy in humans remains to be determined.

•  Given the toxicity of blood on the brain parenchyma, special attention is given to various techniques for the
draining of the hematoma. Except for rare indications, open surgery has not proven beneficial. But it is reasonable
to think that the development of minimally invasive techniques (stereotactic or endoscopy), associated with agents
to lyse the clot (whose neurotoxicity remains to be determined) are of considerable hope in the treatment of ICH .
++++

Bibliography

1-Ariesen MJ ; Claus SP, Rinkel GJE, Algra A. Risk Factors for Intracerebral Hemorrhage in the General Population. A
Systematic Review. Stroke. 2003;34:2060-2066. 2/B
 2-Bailey RD, Hart RG, Benavente O, Pearce LA. Recurrent brain hemorrhage is more frequent than ischemic stroke
after intracranial hemorrhage. Neurology. 2001;56:773-777. 2/B
 3-Becker KJ, Baxter AB, Bybee HM, Tirschwell DL, Abouelsaad T, Cohen WA. Extravasation of radiographic contrast
is an independent predictor of death in primary intracerebral hemorrhage. Stroke. 1999; 30:2025-2032. 4/C
 4-Broderick JP, Brott TG, Duldner JE, Tomsick T, Huster G. Volume of intracerebral hemorrhage: a powerful and
easy-to-use predictor of 30-day mortality. Stroke. 1993;24:987-993. 4/C
 5-Brott T, Thalinger K, Hertzberg V. Hypertension as a risk factor for spontaneous intracerebral hemorrhage. Stroke.
1986;17:1078-1083. 3/C
 6-Brott T, Broderick J, Kothari R, Barsan W, Tomsick T, Sauerbeck L, Spilker J, Duldner J, Khoury J. Early
hemorrhage growth in patients with intracerebral hemorrhage. Stroke 1997;28:1-5. 2/B
 7-Catto AJ, Kohler HP, Bannan S, Stickland M, Carter A, Grant PJ. Factor XIII Val 34 Leu: a novel association with
primary intracerebral hemorrhage. Stroke. 1998;29:813-816. 2/B
 8-Chalela JA, Kidwell CS, Nentwich LM, Luby M, Butman JA, Demchuk AM, Hill MD, Patronas N, Latour L, Warach S.
Magnetic resonance imaging and computed tomography in emergency assessment of patients with suspected acute
stroke: a prospective comparison. Lancet. 2007; 369:293-298. 1/A
 9-Davis SM, Broderick J, Hennerici M, Brun NC, Diringer MN, Mayer SA, Betgrup K, Steiner T. Hematoma growth is a
determinant of mortality and poor outcome after intracerebral hemorrhage. Neurology. 2006;66:1175-1181. 2/B
 10-Fisher CM. Pathological observations in hypertensive cerebral hemorrhage. J Neuropathol Exp Neurol.
1971;30:536-550. 4/C
 11-Foulkes MA, Wolf PA, Price TR, Mohr JP, Hier DB. The Stroke Data Bank: design, methods, and baseline
characteristics. Stroke. 1988;19:547-554. 2/B
 12-Furlan AJ, Whisnant JP, Elveback LR. The decreasing incidence of primary intracerebral hemorrhage: a
population study. Ann Neurol. 1979;5:367-373. 4/C
 13-Gaberel T, Magheru C, Parienti JJ, Huttner HB, Vivien D, Emery E. Intraventricular fibrinolysis versus external
ventricular drainage alone in intraventricular hemorrhage: a meta-analysis. Stroke. 2011;42:2776-2781. 2/B
 14-Gebel JM Jr, Jauch EC, Brott TG, Khoury J, Sauerbeck L, Salisbury S, Spilker J, Tomsick TA, Duldner J,
Broderick JP. Natural history of perihematomal edema in patients with hyperacute spontaneous intracerebral
hemorrhage. Stroke. 2002; 33: 2631-2635. 3/C
 15-Giroud M, Gras P, Chadan N, Beuriat P, Molan C, Arveux P, Dumas R. Cerebral hemorrhage in a French
prospective population study. J Neurol Neurosurg Psychiatry. 1991;54:595-598. 2/B

Copyright © L'encyclopédie neurochirurgicale Page 13/15

http://neurochirurgica.org/spip.php?article26


Spontaneous intracerebral  hemorrhages 

 16-Goldstein JN, Fazen LE, Snider R, Schwab K, Greenberg SM, Smith EE, Lev MH, Rosand J. Contrast
extravasation on CT angiography predicts hematoma expansion in intracerebral hemorrhage. Neurology.
2007;68:889-894. 3/C
 17-Graeb DA, Robertson WD, Lapointe JS, Nugent RA, Harrison PB. Computed tomographic diagnosis of
intraventricular hemorrhage. Etiology and prognosis. Radiology. 1982;143: 91-96. 4/C
 18- Gregson BA, Broderick JP, Auer LM, Batjer H, Chen XC, Juvela S, Morgenstern LB, Pantazis GC, Teernstra OP,
Wang WZ, Zuccarello M, Mendelow AD. Individual patient data subgroup meta-analysis of surgery for spontaneous
supratentorial intracerebral hemorrhage. Stroke. 2012;43:1496-1504. 2/B
 19-Hanley DF. Intraventricular hemorrhage and ICH outcomes: severity factor and treatment target. Stroke.
2009;40:1533-1538. Review. N/A
 20-Hemphill JC 3rd, Bonovich DC, Besmertis L, Manley GT, Johnston SC. The ICH score: a simple, reliable grading
scale for intracerebral hemorrhage. Stroke. 2001; 32: 891-897. 3/C
 21-Hypertension Detection and Follow-up Program Cooperative Group. Five-year findings of the Hypertension
Detection and Follow-up Program. III. Reduction in stroke incidence among persons with high blood pressure. JAMA.
1982;247:633-638. 2/B
 22-Inaji M, Tomita H, Tone O, Tamaki M, Suzuki R, Ohno K. Chronological changes of perihematomal edema of
human intracerebral hematoma. Acta Neurochir Suppl. 2003; 86: 445-448. 3/C
 23-Kazui S, Naritomi H, Yamamoto H, Sawada T, Yamaguchi T. Enlargement of spontaneous intracerebral
hemorrhage: incidence and time course. Stroke. 1996;27:1783-1787. 3/C
 24-Kidwell CS, Chalela JA, Saver JL, Starkman S, Hill MD, Demchuk AM, Butman JA, Patronas N, Alger JR, Latour
LL, Luby ML, Baird AE, Leary MC, Tremwel M, Ovbiagele B, Fredieu A, Suzuki S, Villablanca JP, Davis S, Dunn B,
Todd JW, Ezzeddine MA, Haymore J, Lynch JK, Davis L, Warach S. Comparison of MRI and CT for detection of acute
intracerebral hemorrhage. JAMA. 2004; 292: 1823-1830. 1/A
 25- Klatsky AL, Armstrong MA, Friedman GD. Alcohol use and subsequent cerebrovascular disease hospitalizations.
Stroke. 1989;20:741-746. 2/B
 26-Lisk DR, Pasteur W, Rhoades H, Putnam RD, Grotta JC. Early presentation of hemispheric intracerebral
hemorrhage: prediction of outcome and guidelines for treatment allocation. Neurology. 1994;44:133-139. 3/C
 27-Mayer SA, Sacco RL, Shi T, Mohr JP. Neurologic deterioration in noncomatose patients with supratentorial
intracerebral hemorrhage. Neurology. 1994;44:1379-1384. 3/C
 28-Mayer SA, Brun NC, Begtrup K, Broderick J, Davis S, Diringer MN, Skolnick BE, Steiner T; FAST Trial
Investigators. Efficacy and safety of recombinant activated factor VII for acute intracerebral hemorrhage. N Engl J
Med. 2008;358:2127-2137. 1/A
 29-Melo TP, Pinto AN, Ferro JM. Headache in intracerebral hematomas. Neurology 1996;47:494-500. 2/B
 30-Mohr JP, Caplan LR, Melski JW, Goldstein RJ, Duncan GW, Kistler JP, Pessin MS, Bleich HL. The Harvard
Cooperative Stroke Registry: a prospective registry. Neurology. 1978;28:754-762. 2/B
 31-Morgenstern LB, Hemphill JC 3rd, Anderson C, Becker K, Broderick JP, Connolly ES Jr, Greenberg SM, Huang
JN, Macdonald RL, Messé SR, Mitchell PH, Selim M, Tamargo RJ; on behalf of the American Heart Association
Stroke Council and Council on Cardiovascular Nursing. Guidelines for the management of spontaneous intracerebral
hemorrhage: a guideline for healthcare professionals from the American Heart Association/American Stroke
Association. Stroke. 2010;41:2108 -2129. N/A
 32-Mutlu N, Berry RG, Alpers BJ. Massive cerebral hemorrhage: clinical and pathological correlations. Arch Neurol.
1963;8:644-661. 3/C
 33-Nieuwkamp DJ, de Gans K, Rinkel GJ, Algra A. Treatment and outcome of severe intraventricular extension in
patients with subarachnoid or intracerebral hemorrhage: A systematic review of the literature. J Neurol.
2000;247:117-121. Review. 2/B
 34-O'Donnell HC, Rosand J, Knudsen KA, Furie KL, Segal AZ, Chiu RI, Ikeda D, Greenberg SM. Apolipoprotein E
genotype and the risk of recurrent lobar intracerebral hemorrhage. N Engl J Med. 2000;342:240-245. 1/A
 35-Ott KH, Kase CS, Ojemann RG, Mohr JP. Cerebellar hemorrhage: diagnosis
 and treatment: a review of 56 cases. Arch Neurol. 1974;31:160-167. 3/C
 36-Qureshi AI, Safdar K, Weil J, Barch C, Bliwise DL, Colohan AR, Mackay B, Frankel MR. Predictors of early
deterioration and mortality in black Americans with spontaneous intracerebral hemorrhage. Stroke.
1995;26:1764-1767. 3/C

Copyright © L'encyclopédie neurochirurgicale Page 14/15

http://neurochirurgica.org/spip.php?article26


Spontaneous intracerebral  hemorrhages 

 37-Qureshi AI, Tuhrim S, Broderick JP, Batjer HH, Hondo H, Hanley DF. Spontaneous intracerebral hemorrhage. N
Engl J Med. 2001; 344: 1450-1460. N/A
 38-Rådberg JA, Olsson JE, Rådberg CT. Prognostic parameters in spontaneous intracerebral hematomas with
special reference to anticoagulant treatment. Stroke. 1991;22:571-576. 3/C
 39-Ropper AH, Gress DR. Computerized tomography and clinical features of large cerebral hemorrhages.
Cerebrovasc Dis. 1991;1:38-42. 3/C
 40-Rost NS, Smith EE, Chang Y, Snider RW, Chanderraj R, Schwab K, FitzMaurice E, Wendell L, Goldstein JN,
Greenberg SM, Rosand J. Prediction of functional outcome in patients with primary intracerebral hemorrhage: the
FUNC score. Stroke. 2008;39:2304 -2309. 2/C
 41-Sacco RL, Mayer SA. Epidemiology of intracerebral hemorrhage. In: Feldmann E, ed. Intracerebral hemorrhage.
Armonk, N.Y. Futura Publishing, 1994:3-23. 3/C
 42-Takebayashi S, Kaneko M. Electron microscopic studies of ruptured arteries in hypertensive intracerebral
hemorrhage. Stroke. 1983;14: 28-36.
 43-Tanaka A, Yoshinaga S, Nakayama Y, Kimura M, Tomonaga M. Cerebral blood flow and clinical outcome in
patients with thalamic hemorrhages: a comparison with putaminal hemorrhages. J Neurol Sci. 1996;144:191-197. 3/C
 44-Tuhrim S, Horowitz DR, Sacher M, Godbold JH. Validation and comparison of models predicting survival following
intracerebral hemorrhage. Crit Care Med. 1995;23:950-954. 2/B
 45-van Asch CJJ, Luitse MJA, Rinkel GJE, van der Tweel I, Algra A, Klijn CJM.  Incidence, case fatality, and
functional outcome of intracerebral haemorrhage over time, according to age, sex, and ethnic origin: a systematic
review and meta-analysis. Lancet Neurol. 2010; 9: 167-176. 1/A
 46-Vermeer SE, Algra A, Franke CL, Koudstaal PJ, Rinkel GJ. Long-term prognosis after recovery from primary
intracerebral hemorrhage. Neurology. 2002;59:205-209. 3/C
 47-Wagner KR, Xi G, Hua Y, Kleinholz M, de Courten-Myers GM, Myers RE, Broderick JP, Brott TG. Lobar
intracerebral hemorrhage model in pigs: rapid edema development in perihematomal white matter. Stroke.
1996;27:490-497. N/A
 48-Wagner KR, Xi G, Hau Y, Kleinholz M, de Courten-Myers GM, Myers RE. Early metabolic alterations in edematous
perihematomal brain regions following experimental intracerebral hemorrhage. J Neurosurg. 1998; 88:1058-1065. N/A
 49-Xi G, Wagner KR, Keep FR, Hua Y, de Courten-Myers GM, Broderick JP, Brott TG, Hoff JT. Role of blood clot
formation on early edema development after experimental intracerebral hemorrhage. Stroke. 1998;29:2580-2586. N/A
 50-Zhu XL, Chan MSY, Poon WS. Spontaneous intracranial hemorrhage: which patients need diagnostic cerebral
angiography? A prospective study of 206 cases and review of the literature. Stroke. 1997;28:1406-1409. 2/B

Copyright © L'encyclopédie neurochirurgicale Page 15/15

http://neurochirurgica.org/spip.php?article26

