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CEREBRAL HAEMORRHAGE

Intracerebral haemorrhage (ICH) accounts for approximately 10-15% of strokes. Although
its frequency is relatively low in comparison with that of atherothrombotic (20%) and
embolic (25%) strokes, its importance stems from the generally severe neurological deficits
it causes and its often grave prognosis. In addition, ICH can be the result of several
mechanisms, and their identification implies important differences in management and
prognosis. All these features make ICH a challenge to the clinician involved in the care of
these patients.
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MECHANISMS & AETIOLOGY OF CEREBRAL HAEMORRHAGE

ICH has traditionally been considered to be primarily related to chronic hypertension. This
notion is based on the high frequency (89%) of history of hypertension in patients with
ICH, along with a high incidence of left ventricular hypertrophy at autopsy. As defined in
this manner, the hypertensive mechanism accounts for approximately 47-66% of ICHS,
depending to some extent on the topography of the ICH, the highest frequency of
hypertensive mechanism occurring in the pontine variety. Lobar ICH, on the other hand,
has been found to have the lowest frequency of hypertension.

The sources of arterial bleeding in hypertensive ICH are primarily located in the deep
portions of the cerebral hemispheres and, to a lesser extent, in the cerebellum and
brainstem. This causes haemorrhages that are most frequently located in the deep gray
nuclei of the hemispheres (basal ganglia, thalamus) and in the subcortical white matter of
the cerebral lobes. These locations correlate with the distribution in the brain of the
hypertension-related arterial lesions that are thought to be the cause of ICH. These include
lipohyelinosis and microaneurysms, lesions that often coexist in a given pathological
specimen, and which have their highest concentration in the deep hemispheric areas and in
the gray/white matter interface of the cerebral lobes, explaining the sites of predilection of
ICH. Other, not primarily hypertensive, mechanisms are often documented as the cause of
ICH. see table 1

Table 1. Non-hypertensive causes of intracerebral haemorrhage.

Cerebral hg

Cerebral hg

Cerebral hg

Cerebral hg

 Cerebral amyloid angiopathy
 Vascular malformations
 Intracranial tumours
 Anticoagulants
 Thrombolytic agents
 Sympathomimetic drugs
 Vasculitis

 Cerebral amyloid angiopathy

Cerebral amyloid angiopathy (CAA), also known as congophilic angiopathy, affects
exclusively the cerebral vasculature, without involvement of other areas of the body. The
amyloid substance is deposited in the media and adventitia of small and medium diameter
arteries, as well as in veins, of the cortical surface and leptomeninges. The histological
diagnosis is made by showing areas of the vessel wall that stain with Congo red and show a
characteristic apple green birefringence under polarized light.

CAA characteristically affects the elderly, with a linear increase in frequency with age. In
routine autopsy studies, the frequency of CAA has been 5-13% in those patients aged 60-
69, 20-40% in patients aged 70-79, 35-45% in patients aged 80-89, and 45-58% in
individuals older than 90 years of age. The main clinical manifestation of CAA is ICH, but
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an association with Alzheimer's disease and with a leukoencephalopathy are now well
recognized as well.

Figure 1. Lobar hemorrhage due to amyloid angiopathy, B Microscopic section of the brain
cortex, section has been stained with Congo Red for amyloid viewed with polarized light.
The section shows relatively preserved cortical neurons and the blood vessels shows
birefringence with polarized light. In some areas the walls of the blood vessels are yellow-
green (arrow). Diagnosis: Amyloid angiopathy, also known as congophilic angiopathy.

The ICHs that occur in the setting of CAA have several characteristic features. These
include:

CCA

CCA

CCA

CCA

 A lobar location, due to the cortical and leptomeningeal distribution
of the angiopathy.

 A frequently irregular, variegated appearance on a computed
tomography (CT) scan, which results from extension of the
superficially-located haemorrhage into the adjacent subarachnoid
space.

 A tendency to be recurrent, on occasion with multiple episodes of
lobar ICH over periods of months or years, a feature that is
exceptionally rare in ICH due to hypertension.

 The occasional presence of multiple simultaneous haemorrhages, is
also a distinct rarity in ICH of hypertensive mechanism.
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Figure 2. Precontrast CT scan showing irregular variegated putameno-capsular
haemorrhage [left two images] and a lobar subcortical haemorrhage [right]

The ICH in patients with CAA can occasionally be related to preceding head trauma or a
neurosurgical procedure, raising the possibility that mechanically-induced vascular
rupture may be at times involved in its pathogenesis. Similarly, the use of anticoagulant
and fibrinolytic agents is being increasingly suspected as a potential risk factor in instances
of ICH in the elderly, presumed to harbour CAA as a local vascular lesion predisposing to
ICH.

The actual mechanism of bleeding in CAA has not been elucidated. A factor that may be
related to bleeding is the association of this angiopathy with other vascular changes,
notably fibrinoid necrosis. Such vascular lesion has been found with high frequency (71%)
in instances of CAA associated with ICH, while it is not present in patients with CAA but
without ICH. These data suggest that despite the high prevalence of CAA in the elderly, the
relatively low frequency of ICH may be explained by the need to have the associated
changes of fibrinoid necrosis in the affected vessels, in order to result in rupture and ICH.

Figure 3. Precontrast CT scan showing lobar subcortical
haemorrhage

CA with ICH is a sporadic condition, but two rare familial forms have been described only
in specific geographical locations in Iceland and in Holland. The latter form of familial
CAA with ICH has been characterized as a biochemical abnormality in the precursor
protein of amyloid, which is also present in Alzheimer's disease and Down's syndrome.
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Figure 4. Precontrast CT scan showing
simultaneous cerebral and cerebellar
haemorrhage in a single patient

Other associations of CAA include Alzheimer's disease and a leukoencephalopathy. The
histological features of Alzheimer's disease are present in approximately 40% of patients
with CAA-related ICH, and 30-40% of patients with CAA have clinical features of
dementia. The leukoencephalopathy of CAA affects the white matter of the cerebral
hemispheres, with preservation of the 'U' fibres, corpus callosum, internal capsule, optic
radiation, and white matter of the temporal lobes. The imaging diagnosis of this
leukoencephalopathy is greatly facilitated by the use of magnetic resonance imaging (MRI),
which shows hyperintensity of the white matter in T2-weighted sequences.

 Vascular malformations

These are a common cause of ICH in non-hypertensive patients, especially in the young
adult. These lesions include the arteriovenous malformations (AVMs), cavernous angiomas,
capillary telangiectasias, and venous angiomas. Of these, only the first two carry a
significant risk of bleeding, especially AVMS.

Vascular malformations account for approximately 4.5% of ICHs in autopsy series, but
their frequency in clinical series is higher, as they are frequently non-fatal. A ruptured
AVM is the main cause of ICH in individuals younger than 45 years of age, a group in
which this mechanism may account for as many as 40% of haemorrhages that have their
mechanism documented.

The ICHs due to ruptured AVMS, are at times caused by malformations that are too small
to be detected by cerebral angiography. In addition, those due to cavernous angiomas
cannot be documented angiographically due to the low flow of blood within the small
malformation. Due to these facts, these small malformations (AVMs or cavernous
angiomas) that are invisible to angiography, were once labeled as cryptic, their diagnosis
depending exclusively on pathological documentation, either at autopsy or after biopsy of
the wall of a haematoma that had been drained surgically. However, this term has become
obsolete since the introduction of CT and especially MRI, as these malformations, ruptured
or unruptured, can now be readily demonstrated by their characteristic aspect.

AVMs appear as tangles of blood vessels shown as flow voids in TI -weighted sequences,
often with a prominent adjacent draining vein, whereas cavernous angiomas are
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characterized, in T2-weighted sequences, by a mixed (i.e. bright and low) signal center with
a surrounding low-signal ring of haemosiderin, indicative of prior bleeding at the
periphery of the malformation. On CT, both malformations can show areas of calcification,
and post-contrast enhancement is characteristic in AVMs but is not generally seen in the
low-flow cavernous angiomas.

Cavernous angiomas probably have a lower tendency to bleeding, in comparison with
AVMS. However, their presence should be sought in patients with otherwise unexplained
ICH, especially in the young adult. Cavernous angiomas represent 5-13% of the vascular
malformations in the central nervous system, and occur with equal frequency in males and
females. Their diagnosis is generally made in patients in their 20s and 30s. Their location is
predominantly supratentorial (60-75%), favouring the temporal over the other cerebral
lobes, whereas the infratentorial ones (25-40%) favour the pons over the cerebellum. Most
malformations are single (70-90%), but occasional examples of multiple malformations
occur, in which case familial incidence is likely. Their clinical presentation is with seizures
(in 25-70% of the cases, in the supratentorial compartment), haemorrhage (10-30%), or a
progressive neurological deficit (35%), the latter occurring more often in infratentorial
than supratentorial cavernous angiomas. In cases with gradual progression of symptoms,
which are probably due to repeated episodes of small haemorrhage at the periphery of the
malformation, the usual diagnoses have been brainstem glioma or multiple sclerosis.

Figure 5. A, Single axial non–contrast-enhanced CT image demonstrates a
large heterogeneous-appearing lesion in the right frontal region that
primarily is hyperdense centrally with a more diffuse area of increased
density peripherally resulting from calcification and small areas of
hemorrhage. B, Non–contrast-enhanced axial CT image demonstrates
findings of a large primarily hyperdense mass in the left occipital region.
Note the relative lack of mass effect on the surrounding parenchyma on
both CT images. C, T1-weighted axial MRI image at a slightly different
slice angle from the CT scan demonstrates both cavernomas on the same
image. These two heterogeneous masses have a reticulated core of high
and low signal intensities surrounded by a hypointense rim of
hemosiderin. D, Gradient-echo axial MRI image demonstrates increased
conspicuity of both lesions. The hemosiderin rim demonstrates a blooming
artifact as a result of its increased magnetic susceptibility effects.
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Figure 6. Cavernous angioma. Images A-C demonstrate increased sensitivity of gradient-
echo sequences over T1-weighted and T2-weighted images in the detection of smaller
lesions. A, This T1-weighted image fails to demonstrate the multiple tiny cavernomas
demonstrated on a gradient-echo image. B, A corresponding T2-weighted axial MRI image
does not demonstrate well the multiple tiny cavernomas seen on a gradient-echo sequence.
C, Cavernous angioma. Gradient-echo pulse MRI sequence demonstrates multiple
punctate and rounded areas of hypointensity within the periventricular and subcortical
white matter bilaterally. The largest lesion is seen within the periventricular frontal white
matter just anterior to the frontal horn of the left lateral ventricle near the genu of the
corpus callosum. Multiple smaller lesions are seen both anteriorly and posteriorly.

Figure 7. Cavernous angioma. A, T1-weighted MRI image demonstrates a small
hyperintense lesion in the left temporal cortex with a hypointense rim. This smaller lesion
is demonstrated better and is more apparent on a T2-weighted image (see B) and on a
gradient-echo image (see C). B, T2-weighted image demonstrates the hypointense blooming
artifact within the lesion in the left temporal lobe, although the blooming is not nearly as
marked as seen on a gradient-echo image (see C). C, The lesion becomes obvious on this
gradient-echo image (see B). Even this relatively small temporal lobe lesion is detected
easily on pulse sequence. Since cavernous angiomas are often multiple, a gradient-echo
sequence should be performed in addition to standard T1-weighted and T2-weighted
sequences to carefully identify all concomitant lesions as clinically indicated.
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Figure 8. A, T1-weighted MRI image demonstrating a pontine cavernous angioma. Note
the slightly hypodense lesion centrally and to the right near the middle cerebellar peduncle.
Given its location, a significant hemorrhage can have a clinically devastating result. This
lesion demonstrates that location, more than size, is a critical factor in predicting outcome
or sequelae of future hemorrhage. B, T2-weighted image of a pontine cavernoma. C, Minor
amounts of hemosiderin can make smaller lesions evident on gradient-echo sequences, as
seen in this pontine cavernoma.

 Intracranial tumours

Intracerebral bleeding secondary to a brain tumour occurs in approximately 6-10% of
patients presenting with ICH. This form of presentation of a brain tumour is characteristic
of the malignant varieties, primarily glioblastoma multiforme and metastases. A benign
tumour which is associated with haemorrhage relatively frequently is the pituitary
adenoma, which presents with the picture of pituitary apoplexy. Bleeding from brain
metastases is most frequently observed in instances of melanoma, choriocarcinoma, renal-
cell carcinoma, and bronchogenic carcinoma.

In a patient presenting with ICH, the suspicion of an underlying tumour should be
suggested by the following:

Brain
tumour

Brain
tumour

Brain
tumour

Brain
tumour

 The finding of papilledema at the time of presentation with the acute ICH.
 An atypical location of the haemorrhage, in an area such as the corpus

callosum, which exceptionally is involved in non-tumoural haemorrhages
and, on the other hand, can occur in instances of tumours that infiltrate
that structure, such as glioblastoma multiforme.

 Multiple and simultaneous haemorrhages.
 A CT image of a ring-like hyperdensity surrounding a low density center,

as a result of bleeding from tumoural vessels at the interface between the
tumour and the adjacent parenchyma.

 A disproportionate amount of white matter oedema and mass effect
around an acute ICH.

 Nodular post-contrast enhancement at the periphery of the ICH
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Any of these features should raise the possibility of an underlying tumour, and the work-up
should proceed with MRI and, eventually, cerebral angiography. In the event of negative
results of this test, if the diagnostic suspicion persists, consideration should be given to
surgical removal of the haematoma with biopsy of its cavity, in order to establish the
diagnosis, since the treatment and prognosis of this form of ICH is different from that of
non-tumour related ICH.

 Anticoagulants

The occurrence of ICH in patients receiving oral anticoagulants is generally a serious
event. On one hand, the risk of ICH is increased by eight to 11 fold by the chronic use of
warfarin anticoagulation. On the other hand, this mechanism of ICH often leads to larger
haematomas than those in patients not receiving anticoagulants, a feature that correlates
with substantially higher mortality rates.

o The clinical features of ICH in patients receiving oral anticoagulants include:

Anticoagulant

Anticoagulant

Anticoagulant

Anticoagulant

 A low frequency of associated bleeding elsewhere in the body.
 Lack of consistent association between ICH and preceding head

trauma or cerebral infarction.
 Larger haematoma volumes in anticoagulated patients than in non-

anticoagulated patients, as a result of more prolonged bleeding
periods.

 A bad prognosis in anticoagulant-related ICHS, with mortality rates
exceeding 50-60%

Other features related to the occurrence of anticoagulant-related ICH are less consistently
observed, and include:

1. Duration of anticoagulation prior to onset of ICH: in some reports. most
haemorrhages (70%) occurred within the first year of treatment, whereas in others
only about one-third of the cases occurred within that period of time.

2. Relationship between intensity of anticoagulation and risk of ICH: in some studies.
ICH was more likely with excessive prolongation of the prothrombin time, but in
others there was no clear relationship.

3. Role of hypertension in causing ICH in patients on oral anticoagulants: a strong
association with hypertension is present.

4. Location of ICH: a relatively high frequency of cerebellar haemorrhages in
anticoagulated patients has been reported in some series, but not in others.

 Thrombolytic agents

Thrombolytic agents, in particular streptokinase and recombinant tissue- type
plasminogen activator (rt-PA), are widely used in the treatment of patients with acute
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myocardial infarction (MI). Although the frequency of ICH is low (0.4-1.3% of treated
patients). especially with the intravenous use of the fibrin-specific agent rt-PA, its
occurrence is always serious and often fatal.

o The clinical and CT aspects of ICH related to the use of rt-PA in MI include
the following:

Thrombolysis

Thrombolysis

Thrombolysis

 Onset soon after treatment, close to 40% of them during the rt-PA
infusion and another 25% occurring within 24 hours of onset of
infusion in one series .

 Predominantly lobar location, with rare examples of bleeding into the
posterior fossa and putamen

 Multiple simultaneous haemorrhages in about one-third of the cases.
 Mortality rate of 44-66%.

The mechanism of bleeding in the setting of rt-PA use is not clear. A potential role of the
concomitant use of intravenous heparin in the production of ICH has been suggested. The
Global Use of Strategies to Open Occluded Coronary Arteries as the majority of patients
with this complication have excessively prolonged activated partial thromboplastin time
(APTT) ( 100 seconds) at the time of onset of the ICH. Local vascular factors with bleeding
potential, such as CAA, have been recently reported as the suspect substrate of ICH in the
setting of thrombolysis for acute MI. Other features, such as age 65 years, history of
hypertension, and previous aspirin use have been suggested as risk factors, but have not
been clearly documented.

 Sympathomimetic drugs

The use of sympathomimetic drugs has been associated with the occurrence of ICH, often
shortly after exposure to the drug. The agents most commonly implicated include the
amphetamines, phenylpropanolamine, and cocaine.

The amphetamines have been long known to promote ICH. Intravenous methamphetamine
has been the most commonly Responsible agent, and the ICH occurs within minutes to a
few hours from drug exposure. The ICHs are usually lobar, but occasional examples of
basal ganglionic haemorrhage have been reported. Their pathogenesis possibly includes
transient hypertension (documented in about 50% of the reported cases), and an
angiographic abnormality characterized by alternating areas of constriction and dilatation
of intracranial arteries, or beading. This probably corresponds to a form of multifocal
vasospasm related to the effects of the sympathomimetic agent on the arterial wall, and in
only rare occasions a true vasculitis has been histologically documented.

Phenylpropanolamine (PPA) is a sympathomimetic agent contained in more than 70 over-
the-counter nasal decongestants and appetite- suppressants. Its use has been associated
with instances of ICH and, less commonly, subarachnoid haemorrhage (SAH). These
haemorrhagic strokes have generally affected young adults, women more often than men,
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who have had no other risk factors for intracranial haemorrhage. Acute and transient
hypertension at presentation with ICH has been a feature in about one-third of the cases.
The haemorrhages have occurred after 1-8 hours from the ingestion of the PPA-containing
preparations, in about 50% of the patients after first-time use of the drug. The doses of
PPA ingested have been approximately equally distributed between those recommended
for appetite-suppression (75 mg/day) and excessive ones (100-170 mg). The radiological
aspects of the ICHs are similar to those of amphetamine-related haemorrhages, with
predominantly lobar haematomas and angiographic beading in the majority of cases
studied. In one instance, biopsy obtained at the time of surgical drainage of an ICH showed
histological changes consistent with vasculitis. The mechanism of these haemorrhages is
thought to be similar to that of amphetamine-related ICH.

Cocaine has become the most common illicit drug related to cerebrovascular complications
in young adults. Strokes have been reported after the use of both the pure alkaloidal (free
base) form of the drug and the adulterant-containing crack. Intracranial haemorrhages,
both ICH and SAH, have occurred after minutes to I hour from exposure to crack cocaine.
The ICHs are both lobar and deep hemispheric (basal ganglia and thalamus), and
occasional patients have had multiple simultaneous haemorrhages.

The mechanism of ICH after cocaine use remains unknown. The angiographic beading
reported after amphetamine and PPA exposure is rarely seen in cocaine-related ICH,
whereas the latter show a higher association with AVMs and aneurysms as the bleeding
mechanism. This observation suggests that the acute hypertension that frequently follows
cocaine use may act as a precipitant of ICH in the presence of a pre-existing AVM or
aneurysm. Other possible contributors to ICH after cocaine use include vasoconstriction
leading to cerebral infarction, with secondary haemorrhage after re-perfusion of ischaemic
blood vessels, concomitant heavy alcohol intake and cigarette smoking as possibly additive
risk factors, and the rare observation of a true drug- induced vasculitis.

 Vasculitis

Cerebral vasculitis causes cerebral infarction more often than ICH, but occasional
examples of ICH have been reported. They have corresponded to examples of
granulomatous angiitis of the nervous system (GANS), which is a primary cerebral
vasculitis, unassociated with systemic involvement. Its course is acute or subacute, and is
characterized by headache, progressive dementia, seizures, and episodes of cerebral
infarction. Systemic features of vasculitis, such as fever, malaise, arthralgias, myalgias,
weight loss, anaemia, and elevated sedimentation rate, are absent in GANS. The diagnosis
is suggested by inflammatory cerebrospinal fluid (CSF) findings, and beading in multiple
intracranial arteries, at times with microaneurysm formation. A normal angiogram,
however, does not exclude the diagnosis, which ultimately rests in the histological
demonstration of vasculitis in the leptomeninges and cerebral cortex.

The rare cases of ICH in association with GANS have generally occurred in the setting of
subacute, progressive features of encephalopathy (headache, dementia) or myelopathy, but
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occasionally ICH has been its first manifestation. The haemorrhages are isolated, rarely
recurrent, and have a predominantly lobar location.

COMMON ANATOMICAL SITES OF CEREBRAL HAEMORRHAGE

 Putamenal haemorrhage

Figure 9. Putameno-capsular
haemorrhage

This type of ICH originates in the posterior aspect of the putamen, from where it can
extend into the temporal lobe, centrum semiovale, internal capsule, and ventricular system,
depending on its size. Its cause is hypertension in over 60% of patients. The severity of the
initial clinical picture relates to haematoma size.

The clinical spectrum includes minimally symptomatic patients who present with pure
motor hemiparesis and those who are densely hemiplegic, with a hemisensory loss, aphasia,
hemianopia,and forced conjugate eye deviation to the side of the haematoma, generally in
association with a markedly depressed level of consciousness.
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Figure 10. Hypertensive hemorrhage into basal
ganglia region (specifically: internal capsule).

Figure 11. Precontrast CT scan showing
putameno-capsular haemorrhage,notice the
intraventricular extension

The size of the haematoma relates directly to
prognosis, and the presence of intraventricular
extension of the haemorrhage is generally
indicative of poor functional and vital prognosis, as
the haematoma needs to reach a large size in order
to track across the internal capsule to gain access
into the lateral ventricle.

Figure 12. putameno-capsular haemorrhage,notice
the intraventricular extension
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Figure 13. Putameno-capsular
haemorrhage.

 Caudate haemorrhage

This rare form of basal ganglia
haemorrhage involves the head of the
caudate nucleus, at times extending into
the putamen, and virtually always
reaching the immediately adjacent
frontal horn of the lateral ventricle.

Figure 14. Caudate haemorrhage

This latter aspect often leads to the misdiagnosis of this condition as primary
intraventricular haemorrhage on CT, on account of the small intraparenchymal caudate
haematoma and the relatively more impressive amount of blood inside the ventricular
system. This in turn is responsible for its clinical presentation with sudden onset of
headache, vomiting, and depressed level of consciousness, with minimal or altogether
absent focal neurological deficits, a presentation akin to that of SAH from ruptured
aneurysm. When focal neurological deficits are present, they are both minimal and
transient, generally including ipsilateral Horner's syndrome and contralateral hemiparesis,
reflecting extension of the haematoma inferiorly and laterally, respectively.
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Figure 15. Hypertensive hemorrhage into
basal ganglia with rupture into lateral
ventricles.

The cause of caudate ICH is often (50-60%) hypertension, but its
differential diagnosis should include rupture of anterior
communicating artery aneurysm (with upwards bleeding into the
ventricular system and caudate nucleus) and ruptured AVM. The
prognosis of caudate ICH is generally good, as the parenchymal
haematoma is small and the intraventricular haemorrhage is
reabsorbed, at times requiring the insertion of an intraventricular
catheter for the treatment of hydrocephalus, which occurs in 75% of
patients.

Figure 16. Caudate haemorrhage

 Thalamic haemorrhage

Thalamic haemorrhage often involves the thalamus and the adjacent internal capsule,
resulting in severe contralateral sensory and motor deficits. The hemisensory syndrome is
often a complete anaesthesia for all sensory modalities, and the whole hemibody is affected,
including limbs, trunk, face and scalp.

Figure 17. Thalamic haemorrhage

As is the case with caudate haemorrhage, the proximity of the thalamus to the ventricular
system results in the possibility of early extension of the haemorrhage into the third
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ventricle and hydrocephalus.The clinical presentation of thalamic haemorrhage differs
from that of putamenal haemorrhage in the prominence of the oculomotor findings that
characterize the former, and which correspond to the compressive effects of the thalamic
haematoma on the tectum of the midbrain. These include: paresis of upward gaze, the eyes
often being deviated downward and adducted at rest (as if looking at the tip of the nose);
small and unreactive pupils; conjugate horizontal eye deviation toward the affected
hemisphere or, less frequently, in the opposite direction (wrong way eye deviation); and
occasionally, ipsilateral Horner' s syndrome, skew deviation.

As in other types of ICH, the prognosis of thalamic haemorrhage is strongly dependent on
the size of the haematoma. In addition, the presence of obstructive hydrocephalus adds an
element of worse prognostic significance, but its reversal by prompt institution of
ventricular drainage is at times associated with a dramatic clinical improvement, especially
in the level of consciousness and the oculomotor abnormalities.

Figure 18. Precontrast CT scan showing
intraventricular haemorrhage

 Lobar haemorrhage

The clinical features of lobar ICH differ according to the cerebral lobe involved. In frontal
haemorrhages there is prominent bifrontal headache and contralateral weakness, the latter
following a pattern of arm or leg predominance depending on the lateral or medial location
of the haemorrhage, respectively. In large size haemorrhages, additional features of
ipsilateral horizontal gaze preference and decreased level of consciousness occur. In
temporal haemorrhages, headache in front of the ear or around the eye occurs ipsilaterally,
and dominant hemisphere haematomas present with fluent aphasia with poor
comprehension, prominent paraphasias, and severe anomia. In either hemisphere, a
contralateral visual field defect, either hemianopic or quadrantanopic, is frequent, but
hemiparesis and hemisensory loss are uncommon. Non-dominant hemisphere haematomas
often show prominent mental changes in the absence of focal neurological deficits, at times
leading to the misdiagnosis of metabolic encephalopathy or confusional state. Parietal
haemorrhages are characterized by the onset of headache in the ipsilateral temple area,
prominent contralateral sensory and motor deficits, and variable occurrence of visual field
defects. Depression of the level of consciousness correlates with haematoma size, as well as
with a more medial than lateral location of the haematoma in the parietal lobe.
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In occipital haemorrhages the headache is located in or around the ipsilateral eye, the
patients often complain of visual blurring, and the most consistent finding on examination
is an isolated contralateral homonymous hemianopia. On rare occasions, a syndrome of
alexia without agraphia has occurred in the setting of dominant hemisphere occipital
haemorrhages.

 Cerebellar haemorrhage

Cerebellar haemorrhage has a characteristic onset with abrupt vertigo, headache,
vomiting, and an inability to stand and walk, in the absence of hemiparesis or hemiplegia.
These features reflect bleeding in the area of the dentate nucleus of the cerebellar
hemisphere, with involvement of ipsilateral cerebellar output tracts, along with the
potential for mass effect on the adjacent tegmentum of the pons. The clinical findings that
suggest the diagnosis include ipsilateral limb ataxia, horizontal gaze palsy, and facial palsy,
at times with ipsilateral trigeminal sensory loss, but without limb weakness.

Figure 19. Acute cerebellar hemorrhage

Figure 20. Precontrast CT scan showing cerebellar haemorrhage
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The clinical picture is less well defined in instances of midline (vermian) cerebellar
haemorrhage with extension into the fourth ventricle, when the lateralized features are
lacking, and the patients present with a syndrome that is indistinguishable from primary
pontine haemorrhage. On occasion, a small cerebellar haemorrhage has presented with
isolated vertigo and gait instability, leading to the misdiagnosis of Meniere's disease or
labyrinthitis, Suggesting that a high index of suspicion for the diagnosis is necessary.

Figure 21. A 62-year-old female with
hypertension presented with acute-
onset ataxia and confusion.
Noncontrast CT exam of the head [left
image] showed a large, right cerebellar
hemorrhage, which was evacuated to
relieve the mass effect on the brainstem
and fourth ventricle. The cerebellar
hemorrhage is seen hypointense on the
T2 image due to Deoxyhemoglobin
[right image].

 Pontine haemorrhage

This is the form of ICH with the worst prognosis, as patients generally present with
features that reflect bilateral destruction of the basis pontis and tegmentum. Its signs
include coma, quadriplegia, decerebrate posturing, bilateral horizontal ophthalmoplegia,
pinpoint reactive pupils, ocular bobbing, respiratory rhythm abnormalities, and
hyperthermia. In less severe forms, when the haematoma is small and is located on one side
of the pontine tegmentum, a Syndrome of ipsilateral cranial nerve involvement and ataxia,
with contralateral hemiparesis and hemisensory loss results.

Figure 22. Precontrast CT scan studies showing three cases with pontine haemorrhage
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Figure 23. Pontine haemorrhage

 Other sites of brainstem haemorrhage

Brainstem haemorrhages outside the pons are rare. Mesencephalic haemorrhage has been
reported in about a dozen patients, and has been characterized by the onset of headache
and vomiting, along with either contralateral hemiparesis or ipsilateral cerebellar ataxia,
and oculomotor findings. The latter have included paralysis of upward gaze, small
unreactive pupils, and palpebral ptosis, as well as third nerve palsy in instances of
primarily unilateral tegmental haematomas. The cause of the haemorrhage has generally
been unknown; sometimes the mechanism was hypertension, and very occasionally
ruptured AVM. Medullary haemorrhage as a primary site of bleeding is extremely rare.

Figure 24. Precontrast CT scan showing midbrain haemorrhage

It presents with sudden onset of signs of predominantly unilateral tegmental or basal
medullary involvement, including vertigo, vomiting, gait imbalance, limb ataxia, and lower
cranial nerve palsies. Its clinical findings can at times be similar to those of Wallenberg's
lateral medullary syndrome, with the exception of contralateral hemiparesis and ipsilateral
hypoglossal nerve palsy, which reflect extension of the medullary haemorrhage ventrally
and medially, respectively.
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Incidence [in%] of the common anatomical sites in hypertensive intracerebral
haemorrhage

IMAGING DIAGNOSIS OF INTRACEREBRAL HAEMORRHAGE

 Computed tomography

The diagnosis of acute ICH is virtually 100% reliable with non-contrast CT due to the
characteristic mass of blood of high attenuation value, due to the presence of the globin
component of the haemoglobin molecule. Under exceptional circumstances, patients with
profound anaemia, with a haematocrit of 20% or less have presented with an acute
haematoma which was isointense to brain on account of the low haemoglobin contents of
the fresh haematoma. Fresh blood has an attenuation value of 55-85 Hounsfield units (HU).

As the fresh clot starts to retract after 24-48 hours from onset, there is serum extrusion
around its periphery, resulting in a ring of hypointensity that surrounds the haematoma. In
the subacute stage, the haematoma maintains its mass effect but becomes progressively less
dense, from the periphery toward the center, until reaching isointensity with the adjacent
brain parenchyma. The infusion of intravenous contrast at this stage can demonstrate an
area of ring enhancement at the periphery of the haematoma. In the chronic stage, the
mass effect of the haematoma is no longer present, post-contrast enhancement has
disappeared after about 6 weeks from onset, and the residual is a hypointense cavity, at
times in the form of a slit that can be indistinguishable from an area of old cavitated
infarction.

As the hemorrhage evolves, different characteristic appearances can be identified on CT,
depending on the age of the bleed. CT findings over time are as follows:
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 After 7-10 days, the high density of blood begins to decrease, starting from the
periphery of the lesion.

 From 1-6 weeks, peripheral enhancement can be seen, mimicking the
appearance of an abscess, possibly related to hypervascularity at the periphery of
a resolving hematoma or disruption of the blood-brain barrier.

 By 2-4 months, decreased density indicates cavity formation. A residual cavity
is the final stage, which is reached after complete absorption of necrotic and
hemorrhagic tissue.

 Magnetic resonance imaging

MRI has greatly enhanced the yield of imaging in the diagnosis of ICH. This technique not
only detects small haematomas in areas where CT is unreliable on account of bony
artifacts, such as the brainstem and cerebellum, but can also accurately date the stage of
evolution of an ICH, by imaging the various stages of evolution of the haemoglobin
molecule. This allows for the distinction of hyperacute (first few hours), acute (days, up to I
week), early subacute (weeks), late subacute (weeks to months), and chronic (months to
years) stages of haematoma evolution, which have distinct MRI characteristics in the
various sequences used.
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Table 2. The MRI biochemical stages of cerebral hematomas

Biochemical substance MRI changes

Oxyhemoglobin Oxyhemoglobin lacks unpaired electrons and thus clot signal
is close to normal brain parenchyma- normal to slightly
lower signal on TI-weighted images and slightly higher signal
on T2-weighted images

Paramagnetic intracellular
deoxyhemoglobin.

Because the deoxyhemoglobin within intact, clotted hypoxic
red blood cells does not cause T1 shortening, the hematoma
will have normal to slightly lower signal on TI-weighted MR
images. The concentration of red blood cells with clot and the
concentration of fibrin cause T2 shortening, with areas of
very low signal on T2-weighted spin echo and T2 * -weighted
gradient echo images

Paramagnetic intracellular
methemoglobin.

Proton-electron dipole-dipole interactions between hydrogen
atoms and the paramagnetic centers of methemoglobin will
cause marked TI shortening and very high signal intensity on
TI-weighted images within the periphery of the hematoma.
The intracellular methemoglobin will cause T2 shortening
and very low signal on T2-weighted images.

Extracellular migration of
methemoglobin.

MR will exhibit the persistent high signal of extracellular
methemoglobin on TI - and T2-weighted images for up to a
year. The peripheral rim of hemosiderin and ferritin has
slightly low signal on Tl- and marked low signal on T2-
weighted images [201 from the susceptibility effect of
hemosiderin within macrophage lysosomes.

Clot resorption begins from
the periphery inward, and
depending on the size of the
hematoma, may vary from
one to six weeks in duration.
Necrotic tissue is sloughed
and cystic cavities are
formed over the next 6 to 12
months.

Focal atrophy is characterized by a decrease in the size of
cortical gyri, with compensatory enlargement of
cerebrospinal fluid spaces and dilatation of the adjacent
ventricle. Cystic cavities are surrounded by gliosis and
hemosiderin scarring.

Professor Yasser Metwally
www.yassermetwally.com

www.yassermetwally.com



Table 3. The MRI biochemical stages of cerebral hematomas

Hyperacute stage [0-12
Hr]

Immediately after an intracerebral bleed, the liquefied mass in the
brain substance contains oxyhemoglobin but no paramagnetic
substances. Therefore, it looks like any other proteinaceous fluid
collection.

Acute stage [4Hr -3
days]

Reduction in oxygen tension in the hematoma results in the formation
of intracellular deoxyhemolobin and methemoglobin in intact red
cells. These substances have a paramagnetic effect that produces T2
shortening. A thin rim of increased signal surrounding the hematoma
on T2-weighted images represents edema.

Subacute stage [3days-3
weeks]

As red blood cells lyse, redistribution of methemoglobin into the
extracellular space changes the effect of this paramagnetic substance
to one of predominantly T1 shortening. The longer T2 results from(1)
a combination of red blood cell lysis (T2 shortening disappears), (2)
osmotic effects that draw fluid into the hematoma, and (3) the
repetition times (TR) that are in general use for T2-weighted
sequences, which are not sufficiently long to eliminate T1 contrast
effects in the image.

Chronic stage[3 weeks-3
months]

Phagocytic cells invade the hematoma (starting at the outer rim and
working inward), metabolizing the hemoglobin breakdown products
and storing the iron as superparamagnetic hemosiderin and ferritin.
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Table 4. Effect of blood products on the MRI signal

Hyperacute stage [0-
12 Hr]

Oxyhemoglobin lacks unpaired electrons and thus clot signal
is close to normal brain parenchyma- normal
to slightly lower signal on TI-weighted
images and slightly higher signal on T2-
weighted images

Acute stage [4Hr -3
days]

Deoxyhemoglobin
within intact, clotted
hypoxic red blood

No effect

T2 shortening, with
areas of very low
signal on T2-weighted
spin echo and T2 * -
weighted gradient
echo images

Early subacute stage
[3days-3 weeks]

Strongly
paramagnetic
intracellular
methemoglobin,

TI shortening and
very high signal
intensity on TI-
weighted images
within the periphery
of the hematoma

The intracellular
methemoglobin will
cause T2 shortening
and very low signal
on T2-weighted
images

Late subacute stage
[3days-3 weeks]

extracellular
migration of
ethemoglobin

MR will exhibit the persistent high signal of
extracellular methemoglobin on TI - and T2-
weighted images for up to a year

Chronic stage[3
weeks-3 months]

Focal atrophy is characterized by a decrease in the size of cortical
gyri, with compensatory enlargement of cerebrospinal fluid spaces
and dilatation of the adjacent ventricle. Cystic cavities are
surrounded by gliosis and hemosiderin scarring.
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Table 5. Effect of blood products on the MRI signal

Phase Time Hemoglobin T1 T2

Hyperacute <24
hours

Oxyhemoglobin
(intracellular)

Iso or hypo Hyper

Acute 1-3 days Deoxyhemoglobin
(intracellular)

Iso or hypo Hypo

Early subacute >3 days Methemoglobin
(intracellular)

Hyper Hypo

Late subacute >7 days Methemoglobin
(extracellular)

Hyper Hyper

Chronic >14 days Hemosiderin
(extracellular)

Iso or hypo Hypo

References

1. New PF, Aronow S. Attenuation measurements of whole blood and blood fractions in
computed tomography. Radiology 1976;121:635-40.

2. Atlas SW, Thulbom KR. MR detection of hyperacute parenchymal hemorrhage of the
brain. Am J Neuroradiol 1998;19:1471-507.

3. Gomori JM, Grossman RI, Goldberg HI, et al. Intracranial hematomas: imaging by
high-field MR. Radiology 1985;157:87-93.

4. Wilberger JE, Rothfus WE, Tabas J, et al. Acute tissue tear hemorrhages of the brain:
computed tomography and clinicopathological correlations. Neurosurgery 1990;27:208-13.

5. Barnett HJM, Yatsu FM, Mohr JP, Stein BM, eds.: Stroke: Pathophysiology, Diagnosis,
and Management. 3rd ed. Churchill Livingstone; 1998.

6. Bradley WG Jr: MR appearance of hemorrhage in the brain. Radiology 1993 Oct;
189(1): 15-26.

7. Broderick JP, Brott T, Tomsick T: Intracerebral hemorrhage more than twice as
common as subarachnoid hemorrhage. J Neurosurg 1993 Feb; 78(2): 188-91.

8. roderick JP, Brott TG, Duldner JE: Volume of intracerebral hemorrhage. A powerful
and easy-to-use predictor of 30-day mortality. Stroke 1993 Jul; 24(7): 987-93.

Professor Yasser Metwally
www.yassermetwally.com

www.yassermetwally.com



9. Challa VR, Moody DM, Bell MA: The Charcot-Bouchard aneurysm controversy: impact
of a new histologic technique. J Neuropathol Exp Neurol 1992 May; 51(3): 264-71.

10. Chan S, Kartha K, Yoon SS: Multifocal hypointense cerebral lesions on gradient-echo
MR are associated with chronic hypertension. AJNR Am J Neuroradiol 1996 Nov-Dec;
17(10): 1821-7.

11. Fazekas F, Kleinert R, Roob G: Histopathologic analysis of foci of signal loss on
gradient-echo T2*- weighted MR images in patients with spontaneous intracerebral
hemorrhage: evidence of microangiopathy-related microbleeds. AJNR Am J Neuroradiol
1999 Apr; 20(4): 637-42.

12. Gokaslan ZL, Narayan RK: Intracranial Hemorrhage in the Hypertensive Patient.
Neuroimaging Clinics of North America 1992; 2: 171-86.

13. Gomori JM, Grossman RI: Mechanisms responsible for the MR appearance and
evolution of intracranial hemorrhage. Radiographics 1988 May; 8(3): 427-40.

14. Nelson JS, Parisi JE, Schochet SS Jr: Principles and Practise of Neuropathology.
Mosby - Year Book, Inc. St. Louis, MO; 1993.

15. Robertson CS, Contant CF, Gokaslan ZL: Cerebral blood flow, arteriovenous oxygen
difference, and outcome in head injured patients. J Neurol Neurosurg Psychiatry 1992 Jul;
55(7): 594-603.

16. Ruscalleda J, Peiro A: Prognostic factors in intraparenchymatous hematoma with
ventricular hemorrhage. Neuroradiology 1986; 28(1): 34-7.

17. Spangler KM, Challa VR, Moody DM: Arteriolar tortuosity of the white matter in
aging and hypertension. A microradiographic study. J Neuropathol Exp Neurol 1994 Jan;
53(1): 22-6.

18. Taveras JM, Pile-Spellman J: Neuroradiology. 3rd ed. Williams & Wilkins; 1996.

19. Welch KMA, Caplan LR, Reis DJ, Weir B, Siesjo BK, eds.: Primer on Cerebrovascular
Diseases. Morgan Kaufmann; 1997.

Professor Yasser Metwally
www.yassermetwally.com

www.yassermetwally.com


	INDEX
	CEREBRAL HAEMORRHAGE
	MECHANISMS & AETIOLOGY OF CEREBRAL HAEMORRHAGE
	Cerebral amyloid angiopathy
	Intracranial tumours
	Anticoagulants
	Thrombolytic agents
	Sympathomimetic drugs
	Vasculitis

	COMMON ANATOMICAL SITES OF CEREBRAL HAEMORRHAGE
	Putamenal haemorrhage
	Caudate haemorrhage
	Thalamic haemorrhage
	Lobar haemorrhage
	Cerebellar haemorrhage
	Pontine haemorrhage
	Other sites of brainstem haemorrhage

	IMAGING DIAGNOSIS OF INTRACEREBRAL HAEMORRHAGE
	Computed tomography
	Magnetic resonance imaging

	REFERENCES

