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Hemorrhagic stroke accounts for approximately
15% of all stroke and is classified according to ana-
tomic compartmentalization as intracerebral hem-
orrhage (ICH) (approximately two thirds) or
subarachnoid hemorrhage (SAH) (approximately
one third) [1]. This article discusses the use of CT
and MR imaging for the differential diagnosis of
ICH; for a detailed review of SAH, which is typically
attributed to aneurysm rupture or severe trauma,
the reader is referred elsewhere [2]. Topics to be dis-
cussed include the CT and MR imaging appearance
1064-9689/06/$ – see front matter ª 2006 Elsevier Inc. All righ
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of ICH, the differential diagnosis of ICH by loca-
tion, and the imaging evaluation of acute stroke
with regard to hemorrhage.

CT appearance of intracerebral hemorrhage

The CT appearance of hemorrhage is determined by
the degree of attenuation of the x-ray beam, which
is proportional to the density of hemoglobin pro-
tein (relative to plasma concentration) within the
hematoma.
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Immediately following vessel rupture, the hema-
toma consists of a collection of red blood cells,
white blood cells, platelet clumps, and protein-
rich serum that has a heterogeneous appearance
on CT with attenuation in the range of 30–60
Hounsfield units (HU), depending on the degree
of plasma extrusion [3]. In this hyperacute phase,
hemorrhage may be difficult to distinguish from
normal cortex because of similar attenuation.
Over minutes to hours, a fibrin clot forms with an
increase in attenuation to 60–80 HU (Fig. 1A)
[3]. Clot retraction and extrusion of serum can fur-
ther increase attenuation to as high as 80–100 HU
in the center of the hematoma. The degree of atten-
uation may be reduced in patients with severe
anemia [4], impaired clot formation due to coagul-
opathy, or volume averaging with adjacent tissue.
Vasogenic edema evolves around the hematoma
within hours and may continue to increase for up
to 2 weeks after hemorrhage onset [5].

Over the following days, cells and protein are
broken down and scavenged by macrophages,
leading to slowly decreasing attenuation, with the
greatest decrease at the periphery of the hematoma

Fig. 1. CT appearance of hemorrhage. Serial CT scans
of right thalamic hematoma. (A) Acute ICH in the
right thalamus with mean attenuation 65 HU. (B) CT
performed 8 days later than (A); the periphery of
the hematoma is now isodense to the brain while
the center of the hematoma has mean attenuation
45 HU. (C) CT performed 13 days later than (A) shows
continued evolution of the hematoma with decreas-
ing attenuation. (D) CT performed 5 months later
than (A) shows a small area of encephalomalacia in
the location of the previous hemorrhage.
and more gradual evolution toward the center
(Fig. 1B and C) [6]. Within 4 to 9 days, the hema-
toma attenuation decreases to that of normal
cortex, and within 2 to 3 weeks to that of normal
white matter [3].

The CT recognition of subacute intracerebral he-
matoma can be challenging because the attenua-
tion is similar to that of normal brain tissue,
although mass effect may still be present. MR imag-
ing can confirm subacute hematoma. As time goes
on, attenuation continues to decrease to levels be-
low that of the normal brain. Eventually, the hema-
toma resolves into a fluid-filled or slit-like cavity
that may be difficult to visualize on CT (Fig. 1D).
Contrast enhancement is not present in the initial
days following ICH but may develop at the periph-
ery in weeks to months [7], sometimes leading to
diagnostic confusion with brain tumor or abscess.

A blood-fluid level may be seen in medium to
large ICH within the first hours after onset; the de-
pendent portion displays higher attenuation
(Fig. 2) due to sedimentation of cellular elements
[8]. This finding may be more common in ICH
caused by anticoagulation [9], but it is not specific
and has also been described in ICH due to hyper-
tension, trauma, tumor, or arterial-venous malfor-
mation. The association with shorter time interval
from ICH onset, and in some cases with anticoagu-
lation, has led to speculation that incomplete clot-
ting is required for blood-fluid level formation.

MR appearance of intracerebral hemorrhage

The physics of MR imaging of hemorrhage is com-
plex; multiple reviews have covered this topic in
detail [10,11]. A brief explanation is warranted
here, however, because an understanding of the sig-
nal characteristics of hemorrhage, as well as their

Fig. 2. CT with blood-fluid level. A 77-year-old woman
was admitted with coma of 4 hours’ duration. CT scan
shows massive left hemispheric hematoma with
blood-fluid level. No history of anticoagulation or
coagulopathy.
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evolution over time, is essential for radiologic
interpretation.

The MR signal intensity of hemorrhage is depen-
dent on both the chemical state of the iron atoms
within the hemoglobin molecule and the integrity
of the red blood cell membrane [12]. Iron can be ei-
ther diamagnetic or paramagnetic, depending on
the state of its outer electron orbitals. In the para-
magnetic state, it alters the T1 and T2 relaxation
times of water protons through magnetic dipole–
dipole interactions and susceptibility effects. Di-
pole–dipole interactions shorten both the T1 and
T2 relaxation times but have a greater effect on T1.
Susceptibility effect is present when iron atoms are
compartmentalized within the red cell membrane,
causing magnetic field inhomogeneity, with result-
ing loss of phase coherence and selective shortening
of the T2 relaxation time. After degradation of red
cell membranes, the iron becomes more homoge-
nously distributed, and this effect is nullified. Other
factors that influence signal characteristics to a lesser
extent include protein content, brain edema,
oxygen tension, blood–brain barrier breakdown,
thrombus formation, and clot retraction [11].

Both the chemical environment surrounding the
hemoglobin iron atom and red cell membrane in-
tegrity undergo relatively predictable changes after
ICH. The following section enumerates these
changes in MR signal characteristics during the dif-
ferent phases of ICH evolution (Fig. 3 and Table 1).
Fig. 3. MR imaging appearance of hemorrhage on
T1-weighted (left column) and T2-weighted (right
column) sequences for the different stages of hema-
toma (rows). Examples are selected from various pa-
tients. Hyperacute: There is relative isointensity on
the T1-weighted and hyperintensity on the T2-
weighted sequence of this right occipital hematoma.
A small degree of vasogenic edema surrounds the
hematoma. On the T2-weighted sequence there is
a thin rim of hypointensity that is barely detectable
in the periphery; this is caused by susceptibility effect
from deoxy-hemoglobin. Acute: The marked hypoin-
tensity on the T2-weighted sequence of this left
frontal hematoma is caused by susceptibility effect
from deoxy-hemoglobin. Early subacute: The hyper-
intensity on the T1-weighted sequence of this right
occipital hematoma is caused by the oxidation of de-
oxy-hemoglobin to met-hemoglobin. Late subacute:
The hyperintensity on the T2-weighted sequence of
this large left frontal hematoma results from the
loss of susceptibility effect caused by degradation
of the red cell membranes. The degree of vasogenic
edema is lesser compared with earlier phases.
Chronic: A former large right frontal hematoma
has resolved into a slit-like cavity with a rim of hypo-
intensity on the T2-weighted sequence caused by he-
mosiderin deposition.
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Table 1: Evolution of MR imaging signal characteristics with time

Phase Time
Iron-containing
molecule

Iron oxidation
state

Red cell
membranes T1 T2 T2*

Hyperacute Hours Oxyhemoglobin Fe21 Intact Y [
Acute Hours to days Deoxyhemoglobin Fe21 Intact iso, Y Y Y
Early
subacute

Days to
1 week

Methemoglobin Fe31 Intact [[ Y

Late
subacute

1 week to
months

Methemoglobin Fe31 Degraded [[ [

Chronic Rmonths Hemosiderin Fe31 Degraded iso, Y Y Y

Abbreviations: Fe, iron; iso, isointense relative to normal brain; [, hyperintense relative to brain, Y, hypointense relative
to brain.
Effect of hematoma evolution on MR imaging
appearance of intracerebral hemorrhage

Hyperacute phase
The hyperacute phase of the hematoma is seen im-
mediately following extravasation of blood into the
brain parenchyma. At this stage the red cell mem-
brane is intact, and the hemoglobin molecule is
normally saturated with oxygen (oxy-hemoglobin).
Specifically, the iron atoms contained within the
heme portions of the hemoglobin molecule are
bound to oxygen. This is the only phase of hema-
toma in which the iron atoms have no unpaired
electrons in their outer orbitals and are therefore
‘‘diamagnetic,’’ without exaggerated T1 relaxation
or susceptibility effects. The ICH signal characteris-
tics are thus not primarily attributable to iron but
instead to the increased spin density of the hema-
toma relative to uninvolved brain tissue. Hyper-
acute hematoma appears slightly hypointense or
iso-intense on T1-weighted images and slightly hy-
perintense on T2-weighted images (see Fig. 3); this
pattern resembles that of many other pathologic
conditions of the brain. Even early in the hyper-
acute phase, however, there is often deoxy-hemo-
globin at the periphery of the hematoma, which
appears as a thin rim of T2 hypointensity. This pat-
tern can help differentiate hyperacute hematoma
from other brain pathologies [13–16].

Acute phase
The acute phase, which begins within hours of ICH,
is characterized by deoxy-hemoglobin. Deoxygen-
ation occurs first at the periphery of the hematoma
and progresses toward the center. This pattern ap-
pears because intrahematoma oxygen tension is
lowest in the periphery, where red cells are adjacent
to oxygen-starved tissue, and highest in the center,
because red cells do not use oxygen for their metab-
olism. The iron atoms of deoxy-hemoglobin have
five ligands and four unpaired electrons and hence
are paramagnetic. Susceptibility effect is present
because the iron is compartmentalized within in-
tact red cell membranes, resulting in hypointensity
on T2-weighted images that is due to increased T2*
relaxation (see Fig. 3). Magnetic dipole–dipole in-
teractions are prevented by the three-dimensional
atomic structure of deoxy-hemoglobin, which
blocks access of water protons to iron atoms. T1 re-
laxation times are therefore not shortened, and
there is iso- or slight hypointensity on T1-weighted
images (see Fig. 3). Sometimes a thin rim of T1
hyperintensity can be seen in the periphery of the
hematoma, caused by early oxidation of intra-
cellular deoxy-hemoglobin to intracellular met-
hemoglobin.

Early subacute phase
After several days, the early subacute phase begins.
The production of reducing substances declines
with failure of red cell metabolism, and the iron
atoms are oxidized to the ferric state, Fe31, to pro-
duce met-hemoglobin. Magnetic dipole–dipole
interactions can occur because the three-dimen-
sional structure of met-hemoglobin exposes the
iron atoms to water protons. This pattern leads to
decreased T1 relaxation times and marked hyperin-
tensity on T1-weighted images. Susceptibility effect
is present because the red cell membranes remain
intact, and hence there is continued hypointensity
on T2-weighted images (see Fig. 3).

Late subacute phase
Over several days to weeks, the red cell membranes
are degraded, and the late subacute phase begins.
Susceptibility effect is lost because met-hemoglobin
is no longer locally sequestered within red cell
membranes; it freely diffuses within the hematoma
cavity, resulting in a locally homogeneous magnetic
field. This pattern leads to T2* lengthening, and
hence to increased hyperintensity, on T2-weighted
images (see Fig. 3).
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Chronic phase
Over the ensuing months, the hematoma enters the
chronic phase. The degree of hyperintensity on
T1- and T2-weighted images lessens as the concen-
tration of met-hemoglobin decreases with protein
breakdown. The center of the hematoma may
evolve into a fluid-filled cavity with signal character-
istics identical to cerebrospinal fluid, or the walls of
the cavity may collapse, leaving only a thin slit (see
Fig. 3). As proteins are degraded, the iron atoms
become liberated from the heme molecules, scav-
enged by macrophages, and converted into ferritin,
which can be recycled. In most cases, however, the
degree of iron deposition overwhelms the recycling
capacity, with the excess being locally concentrated
in hemosiderin molecules. The iron in hemosiderin
does not have access to water protons and therefore
exerts only susceptibility effect without significant
dipole–dipole interactions, leading to marked hy-
pointensity on T2-weighted images. This hypoin-
tensity is seen at the rim of the hematoma cavity
and may persist indefinitely.

In practice, there is considerable variability in the
orderly progression of hematoma signal change
over time. The evolution of these signal characteris-
tics may be influenced by a number of factors, in-
cluding ICH size, oxygen tension, integrity of the
blood–brain barrier, the presence of rebleeding,
the efficiency of the patient’s intrinsic repair pro-
cesses, and the presence of an underlying lesion
such as an arteriovenous malformation or tumor
[11]. It is common to see different stages appear si-
multaneously. For these reasons, ‘‘dating’’ of bleed
onset using MR imaging data alone is intrinsically
imprecise.

MR imaging pulse sequences and
intracerebral hemorrhage appearance

Hematoma signal characteristics are determined by
the specific MR imaging pulse sequence applied.
Higher magnetic field strength increases sensitivity
to susceptibility effects and therefore should allow
easier identification of hemorrhage. Fast spin-echo
(FSE) sequences are less sensitive to magnetic sus-
ceptibility effects, owing to multiple 180º refocus-
ing pulses, whereas echo planar imaging (EPI)
and gradient recalled echo (GRE) sequences, which
lack a 180º pulse, are more sensitive. Therefore, the
use of FSE with relatively low-field-strength mag-
nets, a common situation in clinical practice, is as-
sociated with a lesser degree of T2-hypointensity
than is that of EPI or GRE sequences on higher-
strength magnets [10,17,18].

To overcome these limitations, GRE sequences
should be used whenever the identification of hem-
orrhage is clinically important. The GRE sequence–
also known as susceptibility-weighted or T2*-
weighted sequence–employs a partial flip angle
without a refocusing pulse. In contrast to the use
of the 180º spin-echo refocusing pulse, this
method does not compensate for signal loss due
to magnetic field inhomogeneities, thus producing
a stronger susceptibility effect. This pattern in-
creases sensitivity for hematoma detection in the
acute and chronic stages, because the already strong
susceptibility effect causes extreme hypointensity
on GRE sequences (Fig. 4) [10,19]. A relative disad-
vantage of the GRE sequence, however, is that arti-
factual signal loss is generated at the boundary of
tissues that normally exhibit differences in suscepti-
bility. This signal loss is particularly prominent at
the pneumatized sinuses at the skull base and
may obscure underlying lesions in those areas.

Small hemosiderin deposits due to chronic, prior
asymptomatic hemorrhage, sometimes referred to
as ‘‘microbleeds’’ [20], are often only visualized on
the GRE sequence. These may provide a clue to oth-
erwise unsuspected underlying amyloid angiop-
athy, cavernous malformations, or hypertensive
microvascular disease [21–23]. Evidence suggests
that, although most hemosiderin deposits persist
indefinitely, as many as 20% may become unappar-
ent at 2 years [24]. Because most of these deposits
are long lasting, the GRE sequence can be used to
Fig. 4. GRE sequence. T1-
(A) and T2-weighted (B)
MR imaging sequences
show acute hematoma of
the right occipital lobe.
Areas of hypointensity are
seen on the T2-weighted
sequence (B), caused by
susceptibility effect from
intracellular deoxy-hemo-
globin. The susceptibility ef-
fect is far more conspicuous
on the GRE sequence (C).
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determine the cumulative hemorrhagic ‘‘history’’ of
the patient over a prolonged period of time.

Causes of intracerebral hemorrhage

Large cohort studies have identified the following
risk factors for hemorrhagic stroke: age, hyperten-
sion, African-American or Hispanic ethnicity, smok-
ing, excessive alcohol consumption, prior ischemic
stroke, low serum cholesterol, and anticoagulant
medications [25]. Age and hypertension account
for the greatest risk to the population. It must be
recognized, however, that ICH is not a single path-
ologic entity and may result from a number of dis-
eases with differing pathophysiology and risk
factors. It is the responsibility of the radiologist to
recognize findings that may support or refute the
underlying differential diagnostic causes of ICH
(Box 1). Radiologic clues to the cause of ICH may
come from the topographic pattern, the signal char-
acteristics, and the presence of other related lesions.

Box 1: Causes of intracerebral hemorrhage

Hypertension
Cerebral amyloid angiopathy
Vascular malformations

Arteriovenous malformation
Arteriovenous dural fistula
Cavernous hemangioma

Hemorrhagic transformation of ischemic
stroke

Related to arterial infarction
Related to venous infarction

Vasculitis
Moyamoya disease
Coagulopathy

Related to anticoagulant use
Related to thrombolytic use
Thrombocytopenia
Decreased synthesis of clotting factors

(eg, hemophilia, liver disease)
Increased consumption of clotting factors

(eg, disseminated intravascular
coagulation)

Brain tumor
Aneurysm

Ruptured berry aneurysm
Ruptured mycotic aneurysm

Related to sympathomimetic drug use

Amphetamines
Cocaine
Phenylpropanolamine
Ephedrine

Trauma
Effect of location on cause of intracerebral
hemorrhage

The causes of ICH vary by location. The frequency
of primary ICH at different sites, when not due to
identifiable structural lesions, is shown in Table 2.

Supratentorial hemorrhages should be stratified
into lobar and nonlobar ICH (Fig. 5). ‘‘Lobar
ICH’’ is defined as hemorrhage at the superficial
part of the brain, where bleeding is centered at
the cortico–subcortical boundary.‘‘Deep ICH’’ is de-
fined as hemorrhage in the deeper internal supra-
tentorial compartment, with the hemorrhage
centered principally in the putamen, head of the
caudate nucleus, or thalamus. The site of origin
can be difficult to determine when the hemorrhage
is massive; in cases where both deep and subcortical
structures are involved, the site of origin is more
likely to be deep.

A population-based study comparing lobar to
nonlobar ICH showed that hypertension was
a strong risk factor for nonlobar but not lobar
ICH (relative risk 5 1.0) [26]. Conversely, apolipo-
protein E genotype was a strong risk factor for lobar
but not nonlobar ICH. The lack of association be-
tween hypertension and lobar ICH is notable and
suggests that lobar and nonlobar hemorrhage
have different causes. Most cases of deep ICH in
the elderly are caused by hypertensive vasculopathy
[27], whereas most lobar ICH in the elderly is
caused by cerebral amyloid angiopathy (CAA).
Pathologic evidence of CAA was found in 74% of
lobar ICH patients over 55 years of age in a North
American cohort [28]. Even among the elderly
with hypertension, most lobar ICH was due to
CAA [28]. In younger normotensive patients, partic-
ularly those aged less than 45 years [29], prevalence

Table 2: Location of primary of intracranial
hematoma

Location No. of cases %

Lobar 114 35
Striatum (putamen
and caudate nucleus)

89 27

Thalamus 64 19
Cerebellum 34 10
Multiple 14 4
Brainstem 12 4
Intraventricular 3 1

Location of ICH in 330 consecutive patients age >18 y
with primary ICH admitted to Massachusetts General
Hospital between January 2001 and December 2004.
Hemorrhages due to trauma, infarction, aneurysm,
coagulopathy, tumor or vascular malformations were
excluded. ICH in the striatum, thalamus, cerebellum and
brainstem was most common (60%); these locations are
typical for hypertensive hemorrhage.
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of both hypertensive vasculopathy and CAA is re-
duced. Therefore, other causes of deep and lobar
ICH, such as vascular malformation, underlying tu-
mor, underlying cavernous malformation, and
hypertensive crisis induced by exogenous sympa-
thomimetic drugs, should be considered in this
age group.

Brain stem hemmorhage

Brain stem hemorrhage (Fig. 6) most often occurs
in the pons. Common causes include hypertensive
vasculopathy, arteriovenous malformation, and
cavernous malformation [30]. Mortality exceeds
60% when hypertension is the causative agent but
is less for vascular malformation [30].

Cerebellar hemorrhage

Cerebellar hemorrhage (Fig. 7) is a neurosurgical
emergency because the limited volume capacity of
the posterior fossa leads to compression of critical
brain stem structures. Typical complications of cer-
ebellar hemorrhage include brain stem compres-
sion with cranial nerve palsy, respiratory arrest,
upward and downward cerebellar herniation, and
ventricular compression with acute obstructive hy-
drocephalus [31]. Prompt neurosurgical consulta-
tion is mandatory; suboccipital craniectomy with

Fig. 5. Lobar and deep hemispheric ICH. (A) Lobar ICH
in the medial right occipital lobe. (B) Putaminal ICH
originating from the posterior right putamen. (C)
Left thalamic ICH dissecting medially into the ventric-
ular system, with hemorrhage in the third and ipsilat-
eral lateral ventricle. (D) Left caudate hemorrhage
extending laterally into the white matter and
medially into the ventricular system.
hematoma resection may be life saving. Causes of
cerebellar ICH include hypertension, arteriovenous
malformation, and, rarely, CAA [31,32].

Intraventricular hemorrhage

Intraventricular hemorrhage is uncommon without
parenchymal involvement. Before concluding an
absence of parenchymal involvement, one should
carefully examine the head of the caudate and thal-
amus, because even minute hemorrhage in these lo-
cations may quickly rupture into the ventricular
system. Primary intraventricular hemorrhage has
been associated with hypertension, anterior com-
municating artery aneurysm, anticoagulation, vas-
cular malformation, moyamoya disease, and
intraventricular neoplasm [33,34].

Multiple simultaneous intracranial hematoma

Multiple simultaneous ICH at different locations is
uncommon and has been associated with

Fig. 6. Brain stem ICH. Hemorrhage is present in the
central pons with extension into the aqueduct of
Silvius.

Fig. 7. Cerebellar ICH. Hemorrhage is present in the
left lateral cerebellum with mild surrounding
vasogenic edema.
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coagulopathy, infarction, tumor, CAA, vasculitis,
and hypertension [35,36].

Specific causes of intracerebral hemorrhage

ICH due to hypertensive vasculopathy, CAA, or an
unknown cause is often referred to as ‘‘primary
ICH’’ to distinguish it from ICH due to other de-
fined causes, such as vascular malformation, tumor,
trauma, and infarction. The following section de-
scribes the imaging features of primary ICH, as
well as several important causes of secondary ICH.

Hypertensive hemorrhage

Even in this era of improving blood pressure con-
trol, hypertensive vasculopathy remains the most
common cause of ICH, although the incidence is
declining [37]. Chronic hypertension causes a de-
generative cerebral microangiopathy, characterized
by hyalinization of the walls of small arteries and
arterioles, and ultimately fibrinoid necrosis. Small
areas of red cell extravasation may be associated
with vessel wall cracking or microaneurysmal dila-
tation of the arteriole (also referred to as Charcot-
Brouchard aneurysms) [38].

ICH caused by hypertension most commonly re-
sults from rupture of the 50- to 200-mm–diameter
lenticulostriate arteries that arise from the middle
cerebral artery stem, leading to putaminal or cau-
date hemorrhage. It may also result from rupture
of small perforating branches that arise from the
basilar artery, leading to pontine or thalamic bleeds
(see Figs. 5 and 6). Larger hematomas often dissect
into the ventricles. Hypertensive vasculopathy is
also a common cause of cerebellar ICH (see Fig. 7).

Cerebral amyloid angiopathy

CAA is caused by the deposition of b-amyloid in the
arterial media/adventitia of the small arteries/arteri-
oles in the meninges, cortex, and cerebellum. Af-
fected vessels have eosinophilic walls that stain
homogeneously with Congo red and demonstrate
apple-green birefringence when viewed under
polarized light [39]. The major risk factors for CAA-
related hemorrhage are age and the presence of either
the apolipoprotein E 34 allele—which is associated
with greater amyloid burden [40]—or the apolipo-
protein E 32 allele, which is associated with more
severe vasculopathic change [41,42]. CAA-related
hemorrhage is rare in persons aged less than 55
years, although the incidence increases exponen-
tially in subsequent decades [43]. Recurrent hemor-
rhage is more frequent in CAA-related lobar ICH
than in hypertensive ICH [44]. The risk of future re-
currence is higher in patients with an apolipopro-
tein E 32 or 34 allele [45], moderate-to-severe
white matter lesion burden [46], increased baseline
number of MR imaging–detectable hemorrhages
[47], and increased rate of new MR-detectable
microbleeds [47].

CAA causes lobar hemorrhage in the cortex or
subcortical white matter of the cerebrum [43] or,
more rarely, the cerebellum [32]. Dissection into
the subarachnoid space is common, whereas ven-
tricular extension is uncommon. Rarely, CAA may
present with solely sulcal SAH, thus mimicking
aneurismal SAH [48]. CAA is frequently associated
with clinically silent microbleeds remote from the
symptomatic ICH (Fig. 8) [21]. Elderly patients
with lobar ICH and multiple lobar microbleeds
are highly likely to have CAA; the high specificity
of this radiographic syndrome has been incorpo-
rated into a rating scale for diagnostic certainty of
CAA [28]. The presence of any microbleeds in
deep hemispheric locations should, conversely,
put the diagnosis of CAA in doubt.

Warfarin-related hemorrhage

The strongest risk factor for warfarin-related hemor-
rhage is intensity of anticoagulation; age and his-
tory of ischemic stroke are additional independent
risk factors [49]. The superimposed presence of leu-
koaraiosis appears to further increase risk [50,51].
A substantial proportion of elderly patients who
have warfarin-related hemorrhage have underlying
CAA [52]. Most studies have found no difference
in hemorrhage location between patients taking
and those not taking warfarin [53], although others
have found an excess of cerebellar hemorrhage [54].

Fig. 8. Clinically silent microbleeds in amyloid angiop-
athy. A 72-year-old woman presented with cognitive
impairment; cortical biopsy showed amyloid angiop-
athy. MR imaging–GRE sequence showed numerous
cortical microbleeds with sparing of the deep hemi-
spheric structures, including thalamus and basal gan-
glia. These lesions were not seen on the T2-weighted
sequence. Sulcal vessels and calcification can also ap-
pear as small areas of hypointensity on the GRE se-
quence and must be distinguished from microbleeds.
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Warfarin-related hematomas are more likely to
expand [55] and to have fatal outcomes [56].

Vascular malformations

Vascular malformations that can bleed include arte-
riovenous malformations, arteriovenous dural fis-
tulas, and cavernous malformations (also known
as cavernomas). Both venous angiomas (also
known as developmental venous anomalies
[DVAs]) and capillary telangiectasias are generally
benign lesions, which are almost never associated
with hemorrhage (although as many as 25% of
DVAs are associated with an underlying caverno-
ma). Arteriovenous malformations and arteriove-
nous dural fistulas can be difficult to detect
without conventional catheter arteriography; sug-
gestive but not sensitive imaging findings include
dilated feeding and draining vessels on MR T2-
weighted sequences, CT angiography, or MR angiog-
raphy, as well as patchy enhancement (Fig. 9) [57].
Similarly, cavernous malformations are typically
‘‘silent’’ on all imaging modalities unless they have
recently or previously bled. When recent, they
may appear as ‘‘popcorn’’-like lesions on T2-
weighted MR images because of the presence of
multiple small hemorrhages of different ages aris-
ing from the same lesion (Fig. 10). When they are
chronic, the hemosiderin from prior macro- or mi-
crohemorrhage may only be detectable on MR GRE
sequences. These lesions may be multiple and
familial [57].

Hemorrhagic transformation of brain
infarction

Infarcted brain tissue has a propensity to bleed.
A common classification scheme differentiates be-
tween hemorrhagic infarction, which does not

Fig. 9. ICH due to arteriovenous malformation. CT an-
giogram (A) shows a large acute hemorrhage in the
right hemisphere, with multiple feeding vessels in
the periventricular white matter. There is a large
draining vein along the lateral wall of the right lat-
eral ventricle. Catheter angiography (B, anteroposte-
rior view of right carotid injection) confirms the
presence of arteriovenous malformation.
produce mass effect and is usually asymptomatic,
and parenchymal hematoma, which is more ex-
tensive and may be associated with neurologic dete-
rioration [58]. Hemorrhage due to brain infarction
may be recognized by the presence of surrounding
cytotoxic edema conforming to an arterial territory,
but it may be difficult to diagnose when early mas-
sive hemorrhage obscures the underlying infarct
[59]. Venous infarction carries a higher risk for
bleeding than arterial infarction, although anticoa-
gulation treatment is typically indicated—not con-
traindicated—in the setting of venous thrombosis
[60].

Brain tumors

Brain tumors are associated with neovascularity, in-
competence of the blood–brain barrier, and an in-
creased risk for hemorrhage [61]. Tumors with
a particular propensity to hemorrhage include glio-
blastoma multiforme, oligodendroglioma, and cer-
tain metastases such as melanoma, renal cell
carcinoma, choriocarcinoma, and thyroid carci-
noma (mnemonic: MR/CT). Lung cancer is also fre-
quently hemorrhagic [61–64]. In some cases, the
tumor may be asymptomatic and unrecognized un-
til presentation with hemorrhage.

The CT and MR imaging characteristics of tumor-
associated hematoma are often atypical and com-
plex, because the blood may be of multiple ages
and may be admixed with abnormal neoplastic tis-
sue containing cysts and necrosis. Evolution of the
MR signal changes is often delayed, possibly be-
cause of extremely low intratumoral partial pressure
of oxygen, and hemosiderin formation may be ab-
sent [65,66]. The location may be atypical for hem-
orrhage caused by cerebrovascular disease, and
there may be multiple simultaneous hemorrhages.
The degree of vasogenic edema surrounding tu-
mor-associated hemorrhage is greater than that in
primary ICH and persists even into the chronic
phase of hematoma [67]. Administration of con-
trast may reveal tumor enhancement (Fig. 11); the
specificity of this enhancement for tumor is reduced
in the subacute phase by enhancement of the hema-
toma capsule. In some cases, hemorrhage may com-
pletely obscure the underlying lesion; repeat
imaging after hematoma resolution can allow tu-
mor detection.

Ruptured saccular aneurysm

Blood from a ruptured saccular aneurysm enters the
subarachnoid space under great pressure and may
dissect into the brain parenchyma. Parenchymal he-
matoma is seen in 4% to 19% of patients with SAH
due to saccular aneurysm and is highly correlated
with the location of the ruptured aneurysm [68].
The most common locations are the medial frontal
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Fig. 10. Cavernous malformation. T1- (A) and T2-weighted (B) MR sequences show a large cavernous malforma-
tion in the left frontal lobe. T2-weighted sequence (B) shows a heterogenous central core of variable hyperin-
tensity surrounded by a deeply hypointense rim, caused by hemorrhage of various ages surrounded by
hemosiderin-stained tissue. CT angiogram (C) reveals this lesion to be associated with a venous angioma.
lobe adjacent to a ruptured anterior communicat-
ing artery or anterior cerebral artery aneurysm
(Fig. 12) and the temporal lobe adjacent to a rup-
tured middle cerebral artery aneurysm. In some
cases, the amount of associated subarachnoid
blood may be minimal. When ICH is immediately
adjacent to the subarachnoid space at the base of
the brain or basal interhemispheric fissure, vascular
imaging should be strongly considered to exclude
saccular aneurysm.

Cerebral contusion

Brain contusion deserves mention because of the
potential for misclassification as hemorrhagic
stroke when a history of trauma cannot be eli-
cited–for example, in a patient found alone and
confused. Contusions frequently occur in the basal
anterior frontal and temporal lobes, where the
brain is adjacent to the bony floor of the anterior
and middle cranial fossa [69]. They may also be
seen in the cortex either on the same side as the in-
jury or as contrecoup. Contusions may be multiple
and are often associated with other evidence of
trauma, such as skull fracture, subdural hematoma,
and epidural or subgaleal hematoma.

Imaging evaluation for hemorrhage
in the acute stroke setting

Management decisions in the acute stroke setting
rely on the differentiation of hemorrhagic from is-
chemic stroke. Imaging is required to make this dif-
ferentiation, because there are no clinical features
that reliably predict hemorrhagic stroke [1]. Dem-
onstration of hemorrhagic absence identifies ische-
mic stroke patients who may be eligible for
thrombolysis, whereas demonstration of hemor-
rhagic presence may, in the future, identify acute
ICH patients eligible for medical therapies to
prevent continued bleeding. One such therapy cur-
rently under investigation is recombinant activated
factor VII, which has shown promising results in
a phase II study [70].

CT has traditionally been preferred over MR imag-
ing for identification of ICH. CT scanning is faster,
less expensive, and more widely available; it can be
safely performed in patients with contraindications
Fig. 11. ICH originating within brain tumor. CT scan (A) shows acute hemorrhage with marked surrounding
edema. T1-weighted MR imaging (B) shows hyperintensity within the hematoma, consistent with met-hemoglo-
bin (subacute hemorrhage). Following contrast administration (C), there is a marked increased central hyperin-
tensity on the T1-weighted sequence. Biopsy showed an underlying glioblastoma multiforme.
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to MR, including claustrophobia. Moreover, the sen-
sitivity of conventional MR imaging for hyperacute
hematoma detection has been questioned, because
the oxy-hemoglobin stage of hemorrhage is isoin-
tense to water (see Table 1) [10]. Ample evidence in-
dicates, however, that even in the earliest stages of
hemorrhage, deoxy-hemoglobin is present in the
lesion periphery, with corresponding hypointensity
on T2 and GRE sequences [13–16].

MR imaging has potential advantages over CT in
the evaluation of ischemic stroke, both for delineat-
ing the extent of infarction with diffusion-weighted
imaging (DWI) and detecting the presence of hem-
orrhagic complications with GRE sequences. MR
may be superior to CT for the detection of early
hemorrhagic conversion of infarction [71–73],
and, in patients who undergo intra-arterial throm-
bolysis, it may be better at distinguishing between
hemorrhage and contrast extravasations (postlysis
‘‘blush’’) into infarcted regions [74].

MR imaging is definitely more sensitive than CT
for the detection of chronic microbleeds [71], which
have been linked in at least one report to a higher
risk of subsequent hemorrhagic transformation of
infarction [75]. Although it has been suggested
[76,77]—though not proved [78]—that the pres-
ence of baseline microbleeds could be a risk factor
for major hemorrhage following thrombolysis, this
hypothesis has yet to affect clinical management.

Two blinded studies have compared CT and con-
ventional MR imaging with MR GRE sequence for
the detection of acute ICH in stroke patients. One
study, which used acute ICH cases and selected is-
chemic stroke controls, found that MR imaging
detected ICH with 100% sensitivity and 100% spec-
ificity [79]. The other study, which used a multicenter

Fig. 12. ICH due to ruptured saccular aneurysm. CT
scan (A) shows hemorrhage in the right medial basal
frontal lobe. Subarachnoid hemorrhage is seen in
both sylvian fissures and in the interhemispheric fis-
sure. (A left skull defect with mild pneumocephalus
is due to recent craniotomy for aneurysm clipping.)
Maximum intensity projection images from the pre-
operative CT angiogram (B) reveal an anterior com-
municating artery aneurysm as the bleeding source.
prospective cohort design, found that GRE MR imag-
ing was more sensitive than CT for both the diagno-
sis of hemorrhagic transformation and the detection
of chronic microbleeds. As noted earlier, however,
GRE MR imaging is sensitive but not specific: 3 of
29 acute ICH cases in this study were misclassified
as chronic ICH. This lack of specificity may help to
explain why inter-rater reliability for detection of
ICH was lower for MR imaging (k 5 .75 to .82)
than for CT (k 5 .87 to .94). Moreover, although
GRE is sensitive for ICH detection, its sensitivity
for SAH detection is dubious at best; the one case
of SAH in the study discussed earlier was not de-
tected by GRE [71]. The available data therefore sug-
gest that it is feasible to use MR as the sole imaging
modality for acute stroke evaluation, but that expert
interpretation should be available and that caution
should be exercised when excluding SAH.

The relative role of CT angiography or MR angiog-
raphy in the emergent evaluation of the ICH patient
has not been fully defined. Vascular imaging has the
potential to identify secondary causes of ICH that
might require urgent surgical treatment, such as sac-
cular aneurysm or vascular malformation [80]. In
one study, extravasation of CT angiography contrast
into the hematoma, possibly representing active
bleeding, was seen in 46% of patients studied at
a mean of 4.5 hours and was associated with in-
creased mortality [81].

Summary

Neuroimaging by CT or MR is necessary for the de-
tection of hemorrhagic stroke and provides impor-
tant data regarding the cause of stroke. Serial
changes in the CT and MR appearance of hematoma
attributable to temporal evolution must be assessed
to assure accurate diagnosis. Emerging evidence
suggests that the use of MR imaging alone may be
adequate for identifying hemorrhage in acute stroke
patients and that GRE MR imaging is superior to
both CT and conventional spin-echo MR imaging
sequences for the detection of chronic microbleeds
and hemorrhagic conversion of infarction.
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