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Abstract

A wide variety of nontraumatic pathologies can result in intracerebral hemorrhage (ICH). Primary causes such as arterial
hypertension or cerebral amyloid angiopathy can be differentiated from secondary pathologies, such as neoplasms, arte-
rio-venous malformations, coagulopathies, hemorrhagic ischemic strokes, and cerebral venous and sinus thrombosis.
Here, the authors first provide some general information on epidemiology, clinical presentation, and imaging appearance
of ICHs followed by a detailed discussion of the different underlying pathologic entities and their imaging presentation.
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Differentialdiagnose nichttraumatischer intrazerebraler Blutungen

Zusammenfassung

Eine Vielzahl nichttraumatischer Pathologien kann sich mit einer intrazerebralen Blutung manifestieren. Primdre Ursa-
chen, wie der arterielle Hypertonus und die zerebrale Amyloidangiopathie, kénnen hierbei von sekundar ursachlichen Er-
krankungen, wie z.B. Neoplasien, arteriovendsen Malformationen, Koagulopathien, ischdmischen Schlaganféllen mit se-
kundarer Einblutung und der Sinus- und Hirnvenenthrombose, unterschieden werden.

Diese Ubersichtsarbeit bietet zunzchst allgemeine Informationen beziiglich Epidemiologie, des klinischen Erscheinungs-
bilds und bildgebender Charakteristika des Krankheitsbildes der intrazerebralen Blutung. Im Anschluss werden die einzel-
nen primdren und sekundaren Blutungsursachen detailliert dargestellt.

Schliisselworter: Intrazerebrale Blutung - Bildgebung - Sekundare Ursachen - Primare Ursachen

Introduction
Nontraumatic intracranial hemorrhage can affect the
different intracranial compartments: the epidural space
(epidural hematoma), the subdural space (subdural he-
matoma), the subarachnoid space (subarachnoid hem-
orrhage), as well as the brain parenchyma (intracerebral
hemorrhage).

This review will focus on intracerebral hemorrhage
(ICH). A variety of underlying pathologies can result in
ICH. Depending on the underlying cause, an ICH is
commonly classified into either primary or secondary

hemorrhage. Primary ICHs result from spontaneous
rupture of small intracerebral vessels, which are com-
promised by either arterial hypertension or cerebral
amyloid angiopathy (CAA), and account for approxi-
mately 80% of cases [1-3]. The main causes for second-
ary ICHs include neoplasms, arteriovenous malforma-
tions (AVMs), coagulopathies (including anticoagula-
tion treatment), hemorrhagic ischemic strokes, and
cerebral venous and sinus thrombosis (CVST).

With respect to size, intracerebral macrohemorrhag-
es with diameters of > 10 mm can be distinguished from
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microhemorrhages with diameters of < 10 mm. Intracere-
bral microbleeds typically occur in patients with arterial
hypertension or CAA and tend to be multiple [4-6].

In this review, we first provide some general infor-
mation on epidemiology, clinical presentation, and im-
aging appearance of ICHs followed by a detailed discus-
sion of the different underlying pathologic entities.
Table 1 summarizes the most important pathologies as-
sociated with primary or secondary ICH.

Epidemiology
Spontaneous ICHs acount for 10-15% of all strokes and
are associated with a higher mortality rate compared to
ischemic strokes: about 25% of all patients with hyper-
tensive ICH die within the first 24 h.

Although ICH is found in all ethnic groups, African
Americans and Japanese are more commonly affected
than Caucasian people. In a population-based study in
the greater Cincinnati area, the incidence of ICH was 15
per 100,000 individuals (compared to 50 cases per
100,000 African Americans and 55 cases per 100,000
Japanese people) [1]. All age groups may be affected,
but the risk increases with age.

Clinical Presentation
The clinical presentation depends predominately on the
size and the localization of the hemorrhage. Patients
typically show an acute focal neurologic deterioration,
accompanied by headache, vomiting, altered conscious-
ness, seizures, and increased blood pressure [1, 2, 7].

Risk Factors
Increased age and arterial hypertension represent the
most important risk factors for ICH. Further indepen-
dent risk factors include moderate and heavy alcohol
abuse, male sex, and anticoagulant treatment [1, 8-10].
Conventional anticoagulation therapy has been shown
to increase the risk of ICH seven- to tenfold [11]. While
cigarette smoking is more commonly associated with
subarachnoid than with ICH [9], the opposite is true for
diabetes mellitus [12].

The apolipoprotein €4 genotype is associated with
CAA and is known to increase the risk of recurrent lo-
bar ICHs [13].

Imaging Characteristics

Computed Tomography
In most clinical departments, unenhanced computed to-
mography (CT) still remains the major imaging modality
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Table 1. Important causes of primary and secondary intracerebral he-
morrhages.

Primary causes
Arterial hypertension
Cerebral amyloid angiopathy (CAA)

Secondary causes
Cerebral venous and sinus thrombosis (CVST)
e Sinus thrombosis
® Deep cerebral venous thrombosis
e Cortical venous thrombosis
Hemorrhagic ischemic stroke
Intracranial neoplasms
® Primary intracerebral tumors
® Metastases
Intracranial vascular malformations
® Arteriovenous malformations (AVMs)
® Dural arteriovenous fistulas (DAVFs)
® Cavernous malformations/cavernomas (+ developmental anomalies)
Coagulopathies
¢ Congenital bleeding disorders
® Coagulopathic liver disease
® Neoplastic coagulopathies
e Thrombocytopenia
® Drug-induced coagulopathy

of choice in any emergency settings. Thus, it plays a major
role in the detection of acute ICHs. On CT, an acute ICH
typically presents as a hyperdense mass within the brain
parenchyma showing Hounsfield Units (HU) of 50-70
(Figure 1). Care has to be taken in patients presenting
with low hemoglobin values (< 8-10 g/dl) or bleeding dia-
theses, because the clot might present isodense to the
brain parenchyma in such instances. In case of underlying
coagulopathies or thrombolytic therapy, fluid-fluid levels
can be found within the ICH on plain CT.

Within 1-6 weeks, the ICH becomes isodense (=
“subacute” ICH) typically showing a decrease of attenu-
ation of 1.5 HU a day. “Chronic” ICHs present as a hy-
podense mass compared to the surrounding brain paren-
chyma. Variable residua can be found after an ICH on
CT:noresidua are visible in almost 30% of cases, in about
40%, hypodense foci can be depicted, slit-like lesions are
present in about 25% of cases, and calcifications can be
detected in approximately 10% of cases [14].

Contrast-enhanced CT (CECT) and CT angiography
(CTA) can provide additional information in ICH. Sev-
eral studies could recently demonstrate that an active
contrast extravasation on CTA or CECT (referred to as
the “spot sign”) represents an independent predictor of
hematoma growth and predicts mortality [15, 16].

CECT images of acute ICHs have to be investigated
carefully in order to depict contrast-enhancing areas in-
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Figure 1. 64-year-old male patient
with a long-lasting history of arte-
rial hypertension. Unenhanced CT
demonstrates a typical hyperten-
sive ICH located in the left thala-
mus, which is ruptured into the
ventricles.

dicative of an underlying neoplasm. As a potential pit-
fall, subacute and chronic ICH can show a peripheral
“ring” enhancement on CECT, which can be present up
to 6 months.

Magnetic Resonance Imaging
Within the last years, the value of magnetic resonance
imaging (MRI) in the diagnostic work-up of ICH has
considerably increased. The MR appearance of ICH on
the different sequences changes dramatically depend-
ing on time. These changes are due to the typical signal
characteristics of the different blood degradation prod-
ucts: oxyhemoglobin, deoxyhemoglobin, methemoglo-
bin, hemosiderin, and ferritin. Up to six different stages
of ICHs can be distinguished on MRI performed at field
strengths of > 1.0 Tesla [17, 18]: a hyperacute stage
(< 6 h), an acute stage (7 h up to 3 days), an early sub-
acute stage (4-7 days), a late subacute stage (1-4 weeks),
an early chronic stage (months), and a late chronic stage
(months to years) [14, 19-22]. Table 2 summarizes the

signal characteristics of the different stages with respect
to different MR sequences and indicates the respective
blood degradation product, which is responsible for the
imaging presentation.

T2*-weighted gradient-echo (T2*w) are exquisitely
sensitive to blood residues, and thus are of great value
especially in the detection of intracerebral microbleeds
[4,23]. Recently, susceptibility-weighted imaging (SWT)
has even been shown to be superior to conventional
T2*w in this respect [24, 25].

Interestingly, while a lot of studies on 1.5-Tesla
scanners on the MR characteristics of the different stag-
es of ICHs exist, data on the influence of higher field
strength (= 3 Tesla) are extremely sparse to date [26,
27]. In a pilot study, Allkemper et al. could show that
3-Tesla imaging allows the determination of acute to
late subacute ICH stages equivalent to 1.5-Tesla results,
but all parts of acute and early subacute ICHs showed
significantly increased hypointense signal intensities at
3 Tesla compared to 1.5 Tesla [26]. At field strengths
< 1.0 Tesla (0.02-0.5 T), some characteristic features of
ICHs such as a central area of hypointensity in acute le-
sions and a parenchymal rim of hypointensity on late to
chronic lesions on T2-weighted (T2w) images cannot be
observed [18].

Digital Subtraction Angiography
In the era of CTA and MR angiography (MRA), there
are still several indications for the use of digital subtrac-
tion angiography (DSA) in ICHs. It still represents the
gold standard to evaluate and classify vascular malfor-

Table 2. Signal characteristics of ICH on different MR sequences dependent on the time from onset [14]. ICH: intracerebral hemorrhage; Tiw: T1-
weighted sequence; Taw: T2-weighted sequence; T2*-GRE: T2*-weighted gradient-echo sequence.

MR signal intensity

Hemoglobin state/ Tiw T2w T2*-GRE
ICH stage Time from onset  blood degradation product
Hyperacute <6h Intracellular oxyhemoglobin Isointense Hyperintense Hypointense
(may have hypointense rim)
Acute 7 h-3 days Intracellular deoxyhemoglobin Isointense Hypointense Profoundly
hypointense
Early subacute 4-7 days Intracellular methemoglobin Hyperintense Hypointense Profoundly
hypointense
Late subacute 1-4 weeks Extracellular methemoglobin Hyperintense Hyperintense Profoundly
hypointense
Early chronic Months Extracellular methemoglobin + Hyperintense Hyperintense with Profoundly
ferritin/hemosiderin wall pronounced low signal rim hypointense
Late chronic Months to years Hemosiderin Isointense Hypointense Profoundly
hypointense
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mations, especially aneurysms,
AVMs and dural arteriovenous fis-
tulas (DAVF). DSA should be per-
formed for diagnostic purposes, if no
clear cause of ICH could be depicted
using the noninvasive imaging mo-
dalities, especially in young, normo-
tensive patients. Furthermore, it is
necessary for planning therapeutic
approaches in patients with AVMs
or DAVFs [28-30].

Hypertensive Intracerebral

Hemorrhage
Arterial hypertension represents the
most common cause of nontraumat-
ic ICH in patients between 40 and 70
years of age and accounts for over
50% of cases [22, 23]. Thus, it consti-
tutes by far the most important mod-
ifiable risk factor for spontaneous
ICH [1, 9, 10, 32]. Elderly males are
most commonly affected. Control of
hypertension by use of adequate an-
tihypertensive therapy reduces the
incidence of ICH [33, 34].

Chronic arterial hypertension
results in microangiopathic changes
of small penetrating arteries (50-200
um) originating — most commonly —
from the middle cerebral artery, or
from the anterior or posterior cere-
bral arteries, or from the basilar ar-
tery. Histomorphologically, severe
arteriosclerosis and thickening of
the vessel walls due to lipohyalinotic
changes (known as lipohyalinosis,
plasmatic vascular destruction, or
hypertensive fibrinoid necrosis) [35] as well as pseudoa-
neurysms indicating a degeneration of the media and
smooth vessels [36] are observed.

The microvascular changes result in a reduced com-
pliance of the vessel walls, and thus in an impaired vaso-
reactivity in response to elevations of blood pressure, re-
sulting in vessel wall rupture and hypertensive macro- or
microhemorrhages. Different stages of microangiopathic
changes can be differentiated microscopically and corre-
late to the duration and severity grade of the underlying
hypertension. In most severe stages, petechial microhem-

image.
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Figures 2a to 2c. Tesla MR images of a 73-year-old female patient with an early subacute hyper-
tensive hemorrhage within the left thalamus, internal capsule, and globus pallidus. MRl was
performed 5 days after symptom onset. a) FLAIR images; b) T1-weighted image; c) T2*-weighted

Figures 3a to 3f. 57-year-old female patient with arterial hypertension presenting with sudden
onset of severe headache, vomiting, and impaired consciousness. MRI performed 1 week after
symptom onset demonstrates a hypertensive ICH located in the pons. a) Proton-density-
weighted image; b) T2-weighted image; c) diffusion-weighted image (B-value = 1,000); d) T1-
weighted image; e, f) contrast-enhanced T1-weighted axial (e) and coronal (f) images.

orrhages are regularly observed, with multifocal micro-
bleeds being present in 1-5% of cases [37, 38].
Hypertensive macrohemorrhages are most com-
monly found in the basal ganglia (60-65%), the thala-
mus (15-25%), and brain areas, which are supplied by
small perforating arteries from the middle and poste-
rior cerebral artery (Figures 1 and 2). The pons and the
cerebellum are affected in 10% of cases (Figure 3),
while lobar hemorrhages account for 5-15% of cases
with hypertensive ICH [39]. Although secondary in-
traventricular hemorrhages (IVHs) can occur in any
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Figures 4a to 4c. 66-year-old male patient with biopsy-proven cerebral amyloid angiopathy.
T2*-weighted (a, b) and T2-weighted (c) images reveal an intracerebral macrohemorrhage in
the left frontal lobe. Furthermore, the T2*-weighted images depict linear superficial hemosid-

erosis in the left parietal lobe (b, arrows).

Figures 5a to 5c. 75-year-old male patient with histologically proven cerebral amyloid angiopa-
thy. T2*-weighted images reveal a multitude of small, dot-like microhemorrhages, predomi-
nately in a corticosubcortical localization, as well as linear superficial hemosiderosis in both
parietal lobes (a, b, thin arrows) and the left temporal lobe (c, thin arrow). A left frontal macro-
hemorrhage has been evacuated surgically 1year ago (a, thick arrow).

ICH, thalamic hemorrhages are especially prone to
rupture into the ventricles. IVH can result in hydro-
cephalus due to impairment of cerebral spinal fluid cir-
culation resulting from blood clots within the foramina
or the aqueduct, and represents a risk factor for poor
outcome [40] (Figure 1).

Imaging Recommendations and Diagnostic Clues

Computed Tomography
A round- to oval-shaped hyperdense parenchymal
mass centered within the basal ganglia (putamen and
external capsule) and/or the thalamus represents the
typical CT appearance of an acute hypertensive ICH
(Figure 2). Mixed densities might rarely be observed in
cases of active bleeding or a coagulopathy as coinci-
dent finding. Additional findings such as parenchymal
herniation in cases of large hematomas, and hydro-
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cephalus in cases of secondary IVH
might also be present (Figure 1).

Magnetic Resonance Imaging
On MRI, the imaging appearance of
the hypertensive hemorrhage de-
pends on its age as detailed above.
T2*w images can reveal additional
(multifocal) microbleeds predomi-
nately in the basal ganglia, thalami
and brain stem or cerebellum in
long-standing hypertension.

MRA, CTA as well as DSA can
show an elongation of the intracrani-
al vessels in patients with severe hy-
pertension, but are otherwise typi-
cally normal in hypertensive
hemorrhages. Thus, in “typical” cases
of an acute basal ganglia or thalamic
hemorrhage in an elderly, hyperten-
sive patient, angiographic techniques
are not necessary to establish a diag-
nosis. However, in cases of atypically
located hematomas, e.g., lobar or
subcortical hemorrhages, CTA or
DSA are indicated to exclude sec-
ondary causes such as AVM or
DAVF. In this respect, it has to been
taken into account that DSA still rep-
resent the gold standard for the diag-
nosis of an arteriovenous cerebral
malformation [28-30] (see below).

Intracerebral Hemorrhage Related to Cerebral

Amyloid Angiopathy
CAA is defined as the deposition of B-amyloid protein
in wall of the blood vessels of the cerebral cortex and
leptomeninges. Sporadic forms, which are associated
with the €4 allel of the apolipoprotein E and polymor-
phisms in the presenilin-1 gene, must be differentiated
from a variety of hereditary forms, such as the Dutch
type [13, 41, 42].

ICH represents the most important clinical presen-
tation of CAA and CA A accounts for 15-20% of all pri-
mary ICHs in patients > 60 years, thus it constitutes a
major risk factor for ICH in elderly patients [43]. CAA
must be considered to be the cause of an ICH if the pa-
tient is > 55 years, and MRI reveals a single lobar, corti-
cal, or corticosubcortical hemorrhage without another
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cause (Figure 4), multiple hemorrhages, or some hem-
orrhage in an atypical location [44]. There exist diagnos-
tic criteria for CAA, the so-called Boston criteria, which
use clinical data, imaging signs, and, if available, histo-
pathologic findings for the diagnosis of possible CAA,
probable CAA, probable CAA with supporting pathol-
ogy, and definite CAA [13, 44] (Table 3). An attempt to
validate these criteria demonstrated a good correlation
between the diagnosis of probable CAA according to
the criteria and the pathologic diagnosis of CAA, yet
the specificity of the diagnosis of possible CAA was on-
ly 62% [44]. The definite diagnosis of CAA according to
the Boston diagnostic criteria requires the histopatho-
logic demonstration of vascular amyloid. Thus, a full
postmortem examination is still the “gold standard” for
the diagnosis of CAA.

Besides lobar macrohemorrhages, microbleeds are
a common finding in CAA. Contrary to hypertensive
microbleeds, they are typically found in a corticosub-
cortical localization and predominately within the pari-
etal lobes [45] (Figure 5).

Recently, superficial cortical hemosiderosis — de-
fined as linear blood residues in the superficial layers of
the cerebral cortex — has been proposed as a promising
MRI criterium for CAA [46, 47] (Figures 4 and 5), but
studies on larger patient populations are necessary to
determine the value of this sign for the noninvasive di-
agnosis of CAA.

Besides CAA and hypertensive microangiopathy,
common differential diagnoses of cerebral microbleeds
on T2*w imaging include multiple cavernomas (Figure
6) and sheer injuries after head trauma.

Imaging Recommendations and Diagnostic Clues
Computed Tomography
CT typically depicts a large acute ICH in a lobar, sub-
cortical region, and can show residues af older macrohe-
morrhages, and a certain amount of leukoencephalopa-
thy.

Magnetic Resonance Imaging

MRI including T2*w images are absolutely recom-
mended if CAA is suspected. This sequence not only
demonstrates the acute ICH, but is also very sensitive
for all kind of old blood residues: macrohemorrhages,
microhemorrhages, as well as superficial siderosis. Be-
sides, a T2w or a fluid-attenuated inversion recovery
(FLAIR) sequence should be performed to reveal leu-
koencephalopathic changes.

50

Table 3. Boston diagnostic criteria for cerebral amyloid angiopathy
(CAA) [13, 44].

Definite CAA

Full postmortem examination demonstrating:

e |obar, cortical, or corticosubcortical hemorrhage
© Severe CAA with vasculopathy

® Absence of other diagnostic lesion

Probable CAA with supporting pathology
Clinical data and pathologic tissue (evacuated hematoma or cortical
biopsy) demonstrating:

® Lobar, cortical, or corticosubcortical hemorrhage
® Some degree of CAA in specimen

® Absence of other diagnostic lesion

Probable CAA

Clinical data and MRI or CT demonstrating:

® Multiple hemorrhages restricted to lobar, cortical, or corticosubcortical
regions (cerebellar hemorrhage allowed)

® Age > 55 years

e Absence of other cause of hemorrhage

Possible CAA

Clinical data and MRI or CT demonstrating:

o Single lobar, cortical, or corticosubcortical hemorrhage

® Age > 55 years

e Absence of other cause of hemorrhage

Multidetector-row CT angiography (MDCTA),
MRA, and DSA are typically normal in patients with
CAA.

Cerebral Venous and Sinus Thrombosis
CVSTs account for approximately 1-2% of all strokes
in adults [48] and affect all age groups with an estimated
annual incidence of 3—4 cases per million in adults [49].
Women represent 75% of all adult cases [50, 51]. The
clinical presentation of CVST is highly variable as it de-
pends on a variety of factors such as patient’s age [52,
53], the presence of parenchymal involvement, the in-
terval from symptom to diagnosis [54], and the site and
the extent of the thrombosis [55, 56]. Common clinical
signs include headaches, seizures, focal neurologic defi-
cits, and an impaired level of consciousness [57, 58]. In-
volvement of the deep veins in cerebral venous occlu-
sive disease has been shown to be a risk factor for death
and long-term sequelae [50]. The cortical veins can be
rarely affected in an isolated form or — more commonly
— in combination with a thrombotic occlusion of the si-
nuses. There is evidence that the involvement of the
cortical veins in sinus thrombosis is of prognostic value.

CVST can result in venous hypertension and paren-
chymal edema or infarction, as well as in ICH. Early
ICH - present at the time of diagnosis of CVST —is ob-
served in approximately 40% of patients with CVST
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Figure 6. 35-year-old male patient with multiple intracerebral caver-
nomas. T2*-weighted images depict three large cavernomas and a
multitude of further, small cavernomas indicated by the arrows.

[51], and is typically associated with a more severe clini-
cal presentation at onset and a worse outcome [50, 51].

Imaging Recommendations and Diagnostic Clues

Computed Tomography
On CT, direct signs of CVST include the cord sign (or
dense vein sign) on unenhanced CT, as well as the emp-
ty delta sign on CECT examinations. The cord sign is
defined as a homogeneous, increased attenuation of the
thrombotic material in the affected vessels [59] and re-
flects a newly formed thrombus. After 7-14 days the
thrombus becomes iso- and then hypodense [59]. The
empty delta sign on CECT represents a triangular area
of contrast enhancement with a center of relatively low
attenuation [60, 61]. It is typically found in the superior
sagittal sinus. Indirect signs of CVST include ICH and
edema [60] (Figure 7).

Magnetic Resonance Imaging
In the past decade, MRI has replaced DSA in the imag-
ing diagnosis of CVST [62-65], and recent sudies
also revealed a comparably high diagnostic value of
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Figures 7a and 7b. 27-year-old female patient with a thrombosis of the
superior sagittal sinus and the frontal and parietal cortical veins bilat-
erally.a) Unenhanced CT shows a small ICH in the right frontal lobe as
an indirect sign. b) The T2*-weighted image clearly demonstrates the
thrombosed sinus and cortical veins as profoundly hypointense linear
structures (arrows).

MDCTA for the diagnosis of sinus thrombosis [66, 67].
Until now, data on the value of this technology for deep
or cortical venous thrombosis are currently lacking. On
MDCTA, thrombotic material is visualized indirectly
by demonstration of contrast filling defects [66]. The
following MDCTA parameters can be recommended:
120 kV, 120-140 mAs, collimation = 4 x 1.0 mm, 120 ml
contrast agent with an iodine concentration of 300 mg/
ml, injection rate of 5 ml/s, and a delay of 35 s [66].

On MRI, the signal characteristics of the thrombotic
material within the cerebral veins and sinuses on the dif-
ferent MR sequences are complex and time-dependent
[63]. Thus, MRI in CVST has to be interpreted careful-
ly, as there are several potential diagnostic pitfalls [56,
63]. In the first days of an acute CVST, the intravasal
clot has a hypointense signal on T2w images and an
isointense signal in T1w spin-echo sequences [64]. Thus,
these sequences are not very sensitive especially in the
acute phase of CVST. After several days the clot be-
comes hyperintense on T1w images [65, 66].

Venous time-of-flight (TOF) MRA, contrast-en-
hanced venous MRA, as well as phase-contrast tech-
niques can be used to directly depict the cerebral veins
and sinuses [69, 70]. To avoid pitfalls in the interpretation
of a venous TOF-MRA, it has to be considered, that a
subacute, hyperintense thrombus can potentially simu-
late flow [56], and that the lack of flow in a vessel might
be caused by acute thrombosis, but it might also be due to
hypoplasia or aplasia of the respective vessel [56, 63, 72].

Recently, T2*w image sequences have been shown
to be of great value in the diagnosis of CVST, and espe-

51



Linn J,Briickmann H. Differential Diagnosis of Nontraumatic ICH

cially in the diagnosis of cortical ve-
nous involvement [65, 68]. They di-
rectly visualize the thrombosed veins
as profound hypointense tubular
structures (Figure 7).

Compared to CT, MRI is more
sensitive in the detection of associ-
ated parenchymal changes [50].
While FLAIR and proton density
(PD)/T2-dual echo sequences pro-
vide the best visualization of paren-
chymal edema, T2*w images show
the highest sensitivity for associated
hemorrhages and hemorrhagic inhi-
bitions.

Hemorrhagic Ischemic Stroke
Hemorrhagic ischemic stroke is
defined as a secondary hemorrhage
within the region of an ischemic ce-
rebral infarction. It can present ei-
ther as a heterogeneous petechial
hemorrhagic transformation or as
a secondary parenchymatous he-
matoma of various extent [73].
Both types of secondary hemorrhages are found in
supratentorial territorial infarctions. Fisher & Ad-
ams, who observed hemorrhagic transformation in an
autopsy study, established the migration theory: the
hemorrhagic transformation may be caused by resto-
ration of flow to injured capillaries following embolic
obstruction [74]. MRI data confirm this concept: local
reperfusion was often accompanied by a persistent
perfusion deficit within the remaining perfusion ab-
normality [75]. Mayer et al. observed hemorrhagic
transformation to be as frequent in thrombosis as in
embolic stroke [76]. While hemorrhagic transforma-
tion has no influence on the neurologic status [76],
parenchymal hematoma exceeding one third of the
ischemic lesion volume is associated with clinical de-
terioriation and a poor prognosis [77].

Imaging Recommendations and Diagnostic Clues
With regard to the detection of hemorrhagic transfor-
mations in patients with ischemic stroke, MRI including
T2*w gradient-echo MR images depicted more hemor-
rhages and had higher intra- and interobserver agree-
ment compared to CT. Thus, this sequence is strongly
recommended for the evaluation of hemorrhagic trans-
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Figures 8a to 8f.12-year-old child with a large right frontal metastasis of a rhabdomyosarcoma.
The cystic areas within the metastasis show several blood-fluid levels. a) T2-weighted image;
b) T1-weighted image; ¢, f) diffusion-weighted images (c, B-value = 50; f, B-value = 1,000);
d, e) contrast-enhanced T1-weighted images.

formations. It vizualizes the petechial hemorrhages as
circumscript hypointense regions within the ischemic
area [78].

Intracranial Neoplasms
Primary (malignant) intracerebral tumors as well as pa-
renchymal metastases of extracranial tumors can pre-
sent with intratumoral hemorrhage, either as first clini-
cal presentation or during the course of the disease. In
the literature, the incidence of intratumoral ICH is 1-
15% [79, 80]. Hemorrhage is more common in meta-
static than in primary brain tumors [81].

In a series of 905 patients with cerebral tumors,
14.6% presented with a macroscopic or microscopic
brain hemorrhage on pathologic evaluation [82].

Concerning brain metastases, malignant melano-
mas, lung cancer, hypernephroma, thyroid cancer, and
chorion carcinoma are especially prone to intralesional
hemorrhage [83] (Figure 8). With regard to primary in-
traaxial tumors, intratumoral hemorrhage is most com-
monly observed in malignant gliomas (glioblastomas,
oligodendrogliomas; Figure9), meningiomas,schwanno-
mas, subependymomas, as well as in primitive neuroec-
todermal tumors [84-87].
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Figures 9a to g9d. 65-year-old female patient with a left frontal ICH.
Contrast-enhanced T1-weighted image (d) shows a contrast enhance-
ment of the medial border of the lesion. A neoplasm was suspected
and surgery revealed a glioblastoma. a) T2-weighted image, b) T2*-
weighted image, c) T1-weighted image.

Possible underlying pathomechanisms of intratu-
moral hemorrhages include rapid tumor necrosis, in-
vasion of parenchymal blood vessels by the tumor, and
rupture of newly formed blood vessels [83]. Clinically,
intratumoral hemorrhages typically present with an
acute onset of symptoms, such as headache or sei-
zures.

Imaging Recommendations and Diagnostic Clues
In case of metastasis, unenhanced CT or MRI scans
typically depict multiple intracerebral lesions, one or
several of which show intralesional densities (on CT) or
signal intensities (on MRI, respectively) of an ICH.

The presence of a pronounced perilesional edema
adjacent to an ICH immediately after the onset of the
clinical symptoms is indicative of an intratumoral hem-
orrhage, caused either by metastasis or by a primary in-
tracerebral tumor. Furthermore, a significant contrast
enhancement of the lesion on contrast-enhanced CT or
MRI early in the clinical course also strongly suggests an
underlying tumor (Figure 9).

Clin Neuroradiol 2009 - No.1 © URBAN & VOGEL

Depending on the localization of the tumor, the
ICH may be strictly intratumoral (Figure 9) and intra-
parenchymal or it may rupture into the subdural or sub-
arachnoid space, or into the ventricles.

According to Atlas et al., intratumoral hemorrhages
typically show a more heterogeneous signal (Figure 8),
decreased or absent hemosiderin within the hemor-
rhage, and a delayed pattern of hematoma evolution
compared to other ICHs [88].

Despite the above-mentioned diagnostic criteria,
the identification of a primary or secondary tumor as
the underlying cause of an ICH can be very challeng-
ing, especially in cases of a large hemorrhage. Thus,
the definite exclusion of an underlying tumor requires
follow-up scans after resorption of the ICH. Further-
more, it has to been taken into account, that there are
no pathognomonic features on contrast-enhanced CT
or MRI that definitely distinguish brain metastases
from primary malignant brain tumors, therefore a tis-
sue diagnosis by biopsy should always be obtained in
patients with unknown primary tumor before therapy
[89].

Intracranial Vascular Malformations
Intracranial vascular malformations (IVMs) include
AVMs, DAVFs, cavernous malformations (= caverno-
mas, CMs), and developmental venous anomalies
(DVAs). All together, IVMs are the most common
cause of primary intracerebral hemorrhage in young
adults [90].

ArterioVenous Malformations
Brain AVMs are defined as vascular malformations
with arteriovenous shunting in the absence of an inter-
vening capillary bed. Microscopically, the feeding arter-
ies are typically enlarged but mature vessels, the drain-
ing veins are also significantly enlarged and can show
associated varices or stenoses, as well as aneurysms. In
addition to the feeding arteries and the draining vessels,
an AVM shows a so-called nidus, namely a conglomera-
tion of numerous small arteriovenous shunts with thin-
walled dysplastic vessels.

AVMs equally affect males and females and all eth-
nic groups. They typically present clinically either with
hemorrhage (approximately 50%), seizures (29%) or
other focal neurologic deficits (20-25%) at the age of
20-40 years [91].

AVMs widely vary in size from microscopic to giant.
According to their size, their location, and their venous
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drainage, brain AVMs are surgically
classified into three different groups
(Spetzler-Martin scale [92]) to esti-
mate the surgical risk.

85% of brain AVMs are found
in a supratentorial location, com-
pared to 15% within the posterior
fossa. The great majority of AVMs
are sporadic forms, while in about
2% of cases, multiple, usually syn-
dromic AVMs are found (craniofa-
cial arteriovenous metameric syn-
dromes, CAMS) [93].

Imaging Recommendations and

Diagnostic Clues

Computed Tomography
Unenhanced CT typically fails to re-
veal an underlying AVM, especially
if a large ICH is present. In some
cases, enlarged, serpentine vessels
and calcifications can be found.
MDCTA depicts the enlarged ves-
sels of the AVM, especially the large
draining veins. Nevertheless, in case
of ICH, small underlying AVMs eas-
ily can be missed on both enhanced
CT and on MDCTA.

Magnetic Resonance Imaging

On T2w sequences, the AVM vessels are depicted as
prominent hypointense flow voids resembling a “bag of
black worms” with little or no mass effect (Figure 10),
which are best seen on thin (<3 mm) slices. The FLAIR
sequence might show a high signal in some of the adja-
cent brain parenchyma, indicating gliotic tissue. A “tra-
ditional” TOF-MRA can allow the gross depiction of
the AVM but does not provide sufficient information
on the angioarchitecture of the AVM. Recently, high-
resolution contrast-enhanced as well as time-resolved
MRA techniques have strongly improved the value of
MRA in the evaluation of an AVM [28, 94, 95]: Tasch-
ner et al., e.g., found a good to excellent intermodality
agreement between time-resolved MRA and DSA find-
ings with respect to arterial feeders, nidus size, and ve-
nous drainage [95] and Hadizadeh et al. demonstrated a
100% agreement between time-resolved MRA and
DSA with regard to the Spetzler-Martin classification
[28].
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Figures 10a to 10f. 24-year-old male patient with a large arteriovenous malformation (AVM)
located within the left precuneus. a, d) Unenhanced CT clearly demonstrates the ICH within
the corpus callosum, the precuneus, and the lateral ventricles. The AVM is best depicted as a
“bag of black worms” in the b) T2- and e) FLAIR-weighted images. c) T2*-weighted image; f)
contrast-enhanced T1-weighted image.

However, there exist no studies on the value of these
techniques in the initial detection of a (small) AVM in
the acute setting of a (large) ICH. Thus, to definitely
exclude an AVM as the source of an ICH, a DSA still is
required.

Digital Subtraction Angiography
DSA still remains the gold standard not only for the
pretherapeutic evaluation of an AVM but also for the
diagnosis of an AVM as the underlying cause of an
ICH.

DSA, including selective catheterization of the
feeding arteries, delineates the internal architecture of
an AVM by clearly depicting the enlarged feeding arter-
ies, the nidus, as well as the early appearance of the
shunted enlarged draining veins. A DSA examination
should always include selective catheterizations of both
internal and external carotid arteries and of the verte-
bral circulation in order to identify all feeders and in
order to examine a potential dural arterial supply of the
AVM.

Attention must be drawn to the fact that even DSA
might fail to depict a small AVM in case of a large ICH
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Figures 1a to 11¢c. a) Unenhanced CT demonstrates a large, right-sided lobar ICH. Digital sub-
traction angiography reveals a right-sided dural arteriovenous fistula as the underlying pa-
thology. b, ¢) Selective catheterization of the right external carotid artery.

with a significant mass effect. Therefore, if no bleeding
source can be identified and the clinical and imaging
presentation of an ICH is not typical of a primary ICH,
follow-up imaging including MRI and eventually DSA
after the resorption of the hemorrhage is strongly rec-
ommended especially in younger patients to exclude an
AVM.

Dural ArterioVenous Fistulas
DAVFs are defined as arteriovenous shunts, which are
located within the dura mater. They represent approx-
imately 10-15% of all cerebrovascular malformations
with AV shunting [96, 97]. The transverse sinus is the
most common site of cranial DAVFs, followed by the
cavernous sinus. Nevertheless, the shunts can occur
anywhere along the dura. Typically, a thrombotic oc-
clusion of the involved dural venous sinus is found
[97].

DAVFs in adults are usually acquired and present
clinically in middle-aged or elderly patients, preferen-
tially in women. They are observed after head trauma,
venous occlusion, or venous hypertension, but may also
be idiopathic. Most common symptoms include pulsa-
tile tinnitus (in case of affection of the transverse or sig-
moid sinus), and pulsatile exophthalmus (in case of cav-
ernous sinus fistulas). In rare cases, DAVFs can present
with encephalopathic symptoms, as progressive demen-
tia and parkinsonism due to venous congestion [98]. The
risk of ICH from cranial DAVFs primarily depends on
their venous drainage pattern, which is reflected in the
Cognard classification [75, 97]. A flow reversal in the
dural sinus or the cortical veins is associated with an in-
creased risk of hemorrhage [97, 99]. ICH caused by
DAVFs is often found in an “atypical”, lobar localiza-
tion (Figure 11).
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Imaging Recommendations and

Diagnostic Clues

Computed Tomography
Unenhanced CT typically only de-
picts the ICH and is otherwise nor-
mal. Furthermore, also contrast-en-
hanced CT and MDCTA often fail
to reveal the underlying DAVF, but
might visualize the thrombotic
material within the affected dural
sinus. In case of aggressive DA VFs,
MDCTA can demonstrate tortuous
dural feeders and enlarged cortical
drainage vessels.

Magnetic Resonance Imaging
Conventional T2, T1, and FLAIR sequences demon-
strate the thrombosed dural sinus and eventually an
adjacent edema, if a venous congestion is present. In
rare cases, a diffuse dural enhancement is observed
on contrast-enhanced T1w images. Arterial TDF-
MRA often is negative with regard to the presenta-
tion of the shunt, especially in small or slow-flow
shunts, while venous TOF-MRA might demonstrate
the occluded parent sinus and — eventually — some
collateral flow.

In summary, these techniques are not sufficient to
exclude a DAVF. Recently, the potential of contrast-
enhanced, time-resolved MR A techniques has been as-
sessed by inital studies, which yielded promising results.
In their study on 14 DAVFs, Meckel et al. found this
technique reliable for the detection of the fistulas, suit-
able for follow-up, and — within limitations — suitable to
classify the DAVFs [100]. Nevertheless, further studies
are needed to definitely assess the value of time-re-
solved MRA.

Digital Subtraction Angiography

Despite the recent advances in noninvasive imaging
(MDCTA, time-resolved MRA, CEMRA) DSA still
represents the gold standard for the diagnosis of a
DAVF. As in case of an AVM, it should always in-
clude selective catheterization of both internal and
external carotid arteries, and the vertebral arteries.
Typically, multiple arterial feeders from dural branch-
es of the external carotid artery are found, followed
by feeders from tentorial or dural branches from the
internal carotid artery or the vertebral arteries (Fig-
ure 11).
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Cavernous Malformations and

Developmental Venous Anoma-

lies
CMs or cavernomas are defined as
benign vascular hamartomas con-
taining a mass of closely apposed di-
lated immature blood vessels with a
single layer of endothelium and no
neuronal tissue in between. These
thin-walled vessels within the caver-
noma resemble sinusoidal cavities
filled with stagnant blood. On gross
pathologic examination they appear
as a “mulberry-like” nodule (Figure
12).

The prevalence of sporadic cav-
ernomas in the general population is
approximately 0.5% [101]. In up to
25% of the patients, multiple caver-
nomas are found (Figure 6). Familial
(multiple) CM syndrome is an auto-
somal dominant heriditary disorder
with variable penetrance and is typi-
cally found in Hispanic Americans
[102].

In about 10-20% of patients,
cavernomas are asymptomatic and are incidentially di-
agnosed on cerebral MRI; 30-50% of patients clinically
present with seizures, and approximately 20-25% of pa-
tients suffer from an ICH. The peak of clinical presenta-
tion of sporadic cavernomas is between 30 and 50 years
of age. The median age at the time of presentation with
an initial ICH is 35 years [103]. Females more often
present with ICH than males [103]. Familial forms typi-
cally become symptomatic earlier in life.

An initial bleeding risk of 0.3-0.7% per year with
rebleeding rates of approximately 5% per year are re-
ported for sporadic forms [104, 105]. Recent studies in-
dicate that the use of higher field strengths and SWI al-
low the detection of CMs with an even higher sensitivity
than conventional gradient-echo MRI [101]. Thus, the
bleeding risk per lesion might have been overestimated
in older studies.

ICHs due to CMs typically occur at a younger age
compared to AVM and DAVF and they tend to be less
disabling at onset than those due to AVM and DAVF.
This is most probably due to the fact that ICHs caused
by CMs are typically smaller than those due to other
IVMs [103-105]
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Figures 12a to 12f. 50-year-old male patient with a large, singular cavernoma within the right
temporal lobe. a) Proton-density weighted image; b) T2-weighted image; c) T2*-weighted im-
age; d, e) unenhanced (d) and contrast-enhanced (e) T1-weighted images; f) unenhanced CT.

CMs can be associated with a DVA [106] (Figure
13). DV As are defined as congenital IVMs, due to early
arrest of medullary veins during embryologic develop-
mental, resulting in persistence of large embryonic deep
white matter veins. They present as “Medusa’s head” of
small stellate veins, converging into a large collector
vein, which typically drains into an ependymal vein or a
dural sinus. DV As drain functional brain parenchyma,
and thus can be considered anatomic variants of other-
wise normal venous drainage [107]. Therefore, care has
to be taken, not to touch the DV A in cases of surgical
interventions, as this would result in venous infarction.
This is especially important in surgical resections of
eventually associated CMs. DV As are usually asymp-
tomatic, unless associated with other malformations as
cortical dysplasias are CMs. The risk of hemorrhage in
case of a DVA not associated with a CM is extremely
low, it increases in case of a thrombosis of the draining
vein.

It has to be mentioned that the association between
CMs and DV As is sometimes controversially discussed.
In fact, in its original MR description of CMs, Riga-
monti et al. [108] included the imaging differential diag-
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Figures 13a to 13d. 56-year-old female patient with a right-sided caver-
noma within the pons and the right middle cerebellar peduncle.Please
note that only the contrast-enhanced T1-weighted images reveal the
associated developmental venous anomaly (c, d, arrows). a) T2-weight-
ed image, b) T2*-weighted image.

nosis of blood residues as being indistinguishable from
CMs. Thus, the exact nature of the cavernoma-like he-
mosiderin deposit adjacent to CMs is sometimes ques-
tionable in cases which have not been pathologically
confirmed [109].

Imaging Recommendations and Diagnostic Clues

Computed Tomography
Unenhanced CT can be negative in up to 50% of cases
of CM or it can depict the cavernoma as a round, well-
delineated hyperdense lesion (Figure 12). These le-
sions measure typically < 3 cm in diameter and show
calcifications in 40-60% of cases. In asymptomatic
CMs, no surrounding edema is present. On CECT,
the CMs typically show little or no contrast enhance-
ment.

DV As can typically not be depicted on unenhanced
CT, while they are easily visualized on contrast-en-
hanced CT or MDCTA [110, 111].
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Magnetic Resonance Imaging
MRI including a T2*w gradient-echo sequence repre-
sents the gold standard for the diagnosis of a CM.

The intralesional signal characteristics of CMs de-
pend on the following variables: presence of different
blood degradation products, flow within the caverns,
calcifications within the cavernoma, and partially throm-
bosed areas. Typically, CMs show a hyperintense signal
within their center on both T1w and T2w sequences,
and a hypointense rim, due to hemosiderin deposits.
Nevertheless, the center can also show mixed signal in-
tensities (Figures 6, 12, and 13).

Top differential diagnosis of CMs include: throm-
bosed aneurysm, old primary ICH, and intratumoral
ICH [108].

Coagulopathies and Drug-Related Intracerebral
Hemorrhage
A wide variety of systemic causes of coagulopathias can
result in ICH.

Congenital Bleeding Disorders

Hemophilia represents the congenital bleeding disorder
with the highest prevalence [112]. In hemophilic pa-
tients, ICH is of significant importance for morbidity
and mortality [113]. In addition to hemophilia, other
rare congenital disorders can present with ICH. Those
include von Willebrand factor deficiency, congenital
afibrinogenemia, and deficiencies in certain coagulation
factors V, VII, XIII, or X. Even less frequently, geneti-
cally hypercoagulable states such as antiphospholipid
syndrome, prothrombin mutation, and factor V Leyden
deficiency can result in secondary ICH due to CVST
[112].

Coagulopathic Liver Disease
Hepatic dysfunction is a common cause of thrombocy-
topenia and coagulopathy. However, the role of coagu-
lopathic liver disease in spontaneous ICH is discussed
controversialy. While some authors found a significant
correlation [114, 115], Lee & Hinrichs observed no case
of spontaneous ICH in a prospective series of 100 pa-
tients with severe liver disease and coagulopathy [116].

Neoplastic Coagulopathies Causing Intracerebral
Hemorrhage
Coagulopathies are a major cause of ICH in cancer pa-
tients and they are most often seen in patients with leuke-
mia, especially in AML [81, 117] (Figure 14). Acute dis-

57



Linn J,Briickmann H. Differential Diagnosis of Nontraumatic ICH

seminated intravascular coagulation (DIC) is the typical
underlying pathomechanism in neoplastic coagulopa-
thies. Hemorrhages can affect the brain parenchyma, the
ventricles, or the subdural or subarachnoid spaces. Graus
et al. reported the prevalence of neoplastic coagulopathy
in 14.6% of patients with systemic cancer [117]. Clinical
signs of hemorrhage may be acute or gradual and include
headache, vomiting, and encephalopathy. Especially in
leukemia, the clinical signs of ICH are often fulminant
and may be fatal [81]. Cranial imaging in acute DIC usu-
ally reveals a single ICH located in the white matter.

Thrombocytopenia

Any condition that results in a low platelet count predis-
poses a patient to bleeding disorders, including ICH.
Thrombocytopenia has multiple causes, and can be due
to either decreased platelet production (observed in
certain congenital disorders and cases of bone marrow
damage due to radiation or drugs) or to increased plate-
let destruction, as, e.g., in idiopathic thrombocytopenic
purpura. Severe thrombocytopenia usually causes mul-
tiple hemorrhages.

Drug-Induced Intracerebral Hemorrhage
Antimalarial agents, antiepileptic medications, furose-
mide, digoxin, and estrogens are known to induce
thrombocytopenia, which can result in ICH [112]. Fur-
thermore, different chemotherapeutic agents such as
L-asparaginase, used in the induction chemotherapy of
acute lymphocytic leukemia, can cause ICH [118].

Excessive use of alcohol also increases the risk of
ICH by impairing coagulation and directly affecting the
integrity of cerebral vessels [119].

Anticoagulants and thrombolytic agents increase the
risk of ICH. The risk of ICH under therapy with warfarin
is approximately 0.5-1% per year,
while on the other hand, 5% of all
ICHs occur in patients under warfa-
rin or heparin [112]. Furthermore,
anticoagulants increase the risk of
secondary hemorrhagic transforma-
tion or imbibition of patients with
ischemic strokes.

After thrombolytic therapy in
patients with myocardial infarctions,
the risk of ICH is 0.5-2%, while it is
6—-15% in patients with thrombolytic
therapy of ischemic stroke [120]
(Figure 15).
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Figures 14a to14d. 35-year-old patient with acute myelid leukemia and
associated coagulopathy. MRI reveals multiple ICHs within the left pa-
rietal and occipital lobes (a, b), as well as in the right cerebellar hemi-
sphere (b, ). a, ¢) T2-weighted images; b, d) T1-weighted images.

ICHs are typically rather large in these patients, are
located within the subcortical white matter, often show
fluid levels, and inhomogeneous signal intensities due to
different stages of blood degradation products [112, 121]
(Figure 15). The ICHs related to thrombolysis are typi-
cally lobar (70-90%) and multiple (30%) [122, 123].

Figure 15. 67-year-old male patient 12 h after thrombolytic therapy of an acute ischemic stroke.
CT images reveal a large hemorrhage in the territory of the left middle cerebral artery. As is
typical of ICH after thrombolytic therapy, inhomogeneous signal densities due to different
stages of blood degradation products are present.
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Conclusion

In summary, ICH can reflect a wide variety of primary
and secondary causes. Noninvasive diagnosis of under-
lying pathologies has improved dramatically with the
advances in MDCTA and MR imaging, such as SWI and
time-resolved MRA. Nevertheless, to date, convention-
al DSA still remains the gold standard for the detection
and pretherapeutic evaluation of cerebral vascular mal-
formations with arteriovenous shunts.
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