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FOREWORD

Encouraged by the success of the Italian editions, the Authors have decided to publish an English
version taking into account the latest technical and methodological advances and the consequent
new acquisitions in clinical practice. The contribution of Professor R. Jinkins has been essential to
carry out both these tasks.

The resulting work is an up-to-date technical tool that preserves its original aim of contributing
to the training of those radiologists who work in emergency departments.

We hope that this revised and extended English version will have the same success as the previ-
ous Italian editions, thereby confirming the validity of our initiative.

The work of all the friends and colleagues who have contributed to the making of this book is
gratefully acknowledged.

Tommaso Scarabino
Ugo Salvolini
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I

CEREBROVASCULAR EMERGENCIES



1.1

CLINICAL AND DIAGNOSTIC SUMMARY
T. Scarabino, G.M. Giannatempo, A. Maggialetti

Stroke, a clinical diagnosis of acute, sudden-
onset neurological deficit, is one of the main
causes of death and permanent disability in the
industrialized world. Pathologically the process
may be an ischaemic or a haemorrhagic event,
or both. About 85% of cerebrovascular acci-
dents result from ischaemia, predominantly
secondary to carotid thromboembolism.

The stroke patient may clinically present
with typical symptoms of focal neurological
deficit, a combination of deficit with coma, a
meningeal irritation syndrome in the form of
headache, vomiting and neck stiffness, or less
frequently with the gradual appearance of an
extrapyramidal or pseudo-bulbar syndrome of-
ten associated with progressive mental deterio-
ration.

The clinical picture in stroke patients can be
classified according to how long the neurologi-
cal deficit lasts, or alternatively whether or not
the deficit is permanent. Four different such
clinical categories can be distinguished. The
transient ischaemic attack (TTIA) is represented
by a sudden, focal non-convulsive onset of a
neurological deficit that usually subsides in a
few minutes and always resolves within 24
hours; the reversible ischaemic neurological
deficit (RIND) lasts at most for a period of 48
hours followed by a return to complete nor-
mality within 3 weeks; progressive ictus is a tem-

porally worsening clinical condition during the
first 24 to 48 hours following acute onset asso-
ciated with persistent functional deficit; comz-
plete ictus is a clinically stable condition, with
the deficit being present from the outset,
though some improvement may be observed in
the long term.

NEURORADIOLOGICAL PROTOCOL

The role of the neuroradiologist in stroke
cases is to provide the clinician with the maxi-
mum morphological and functional informa-
tion concerning the condition of the cerebral
parenchyma as is possible, as well as the condi-
tion of the intra- and extracranial brachio-
cephalic blood vessels. One should particularly
assess whether or not there is a direct causal re-
lationship between the craniocervical vascular
pattern and the stroke, whether the lesion is is-
chaemic or haemorrhagic, if there are signs of
other vasculopathic changes, and if the aetio-
logic factors responsible for the stroke are in-
tra- or extracranial.

The recent development of specific fibri-
nolytic treatments that can potentially reverse
ischaemic injury in the early stages has changed
the role of imaging in this area (5). It is no
longer sufficient to simply distinguish is-
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chaemic alteration from primary haemorrhage.
It is now necessary to identify cerebral is-
chaemia within the first few hours when treat-
ment can be most effective. It is also important
to quickly distinguish normal cerebral tissue
from that which is “at risk”, and that parenchy-
ma which is irreversibly damaged. Thus, the
medical imaging investigation is now a funda-
mental part of planning effective emergency
treatment potentially capable of preventing ir-
reversible cerebral damage and long-term pa-
tient disability. The neuroradiologist must
therefore find the optimal means of supplying
the required information through both invasive
and non-invasive investigative methods.

Angiography has to date been the most com-
monly used of the available tools to analyse the
brachiocephalic vascular system directly. Less
invasive methods include computed tomogra-
phy (CT), ultrasound and magnetic resonance
imaging (MRI), both conventional (basic mor-
phological imaging and angiography) and func-
tional (spectroscopy, diffusion and perfusion).
Single photon emission computed tomography
(SPECT) and positron emission tomography
(PET) are able to show local changes in blood
flow and metabolism, respectively, both mark-
ers for cerebral damage. However, these latter
methods are not commonly available, and re-
quire the injection of radioactive tracers.

In emergency situations, the cerebral investi-
gation of choice is CT due to its non-invasive-
ness, the fact that it is widely available, its ease
and speed of use and its relatively low cost (7).
CT distinguishes between haemorrhagic and is-
chaemic stroke at an early stage, a factor that
may be of vital importance in prognosis and
treatment. If the CT is negative or incongruous
in some way with the clinical picture, MRI
makes possible a more detailed brain investiga-
tion to be carried out non-invasively.

HAEMORRHAGIC STROKE

CT has always been considered useful in
analysing cerebral haemorrhage, whether sub-
arachnoid or intraparenchymal in location. In-
tracranial haemorrhage is apparent on CT im-

mediately after the bleeding episode due to its
high density relative to brain tissue. However,
haemorrhage has a more complex appearance
and explanation on MRI. An acute cerebral
haemorrhage is primarily oxyhaemoglobin, a
substance with no paramagnetic properties that
behaves much like an aqueous solution, almost
indistinguishable from an area of parenchymal
ischaemia. In subacute haemorrhage, the
parenchymal blood that was originally oxy-
haemoglobin first turns into deoxyhaemoglo-
bin, and then into intracellular and next into
extracellular metahaemoglobin. These sub-
stances are paramagnetic and/or magnetically
susceptible and therefore are able to influence
relaxation times and change the MR signal in a
somewhat predictable manner.

Recently released high field strength, high
speed MR equipment and imaging sequences
are particularly sensitive to magnetic suscepti-
bility differences (e.g., echo planar imaging:
EPI) has demonstrated that it is possible to
clearly reveal even small areas of cerebral haem-
orrhage on MRI (15). Because of this ability of
MRI to distinguish between non-haemorrhagic
ischaemia and haematoma, MRI may replace
CT at some time in the future where this is prac-
ticable. However, the fact that high field
strength, high speed gradient performance MRI
is presently less widely available and more cost-
ly than CT determines that CT will still be the
first diagnostic imaging examination carried out
in such situations for the foreseeable future. On
the other hand, emergency angiography should
be reserved for cases of subarachnoid haemor-
rhage in order to search for causative pathology
of stroke (i.e., haemorrhage) such as aneurysms
or vascular malformations (3).

ISCHAEMIC STROKE

CT has been shown to be unable to document
the presence of non-haemorrhagic ischaemic al-
teration in the first few hours following the clini-
cal onset of stroke. Over a period of hours and
with proper experience, it is in practice possible
to identify the subtle initial signs of ischaemic tis-
sue damage as relatively lower attenuation brain
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tissue resulting from cytotoxic oedema, and ma-
jor cerebral arterial hyperdensity (e.g., middle
cerebral artery stem, basilar artery) due to vascu-
lar embolus/thrombosis (12, 14, 16).

Although conventional T2-weighted MRI
(e.g., spin echo, fast spin echo) is particularly
sensitive to changes in the water content of tis-
sue and therefore to oedema, it is still frequent-
ly negative in cases of hyperacute stroke (i.e.,
first 1-6 hours). This is due to the fact that only
3% of the water in the cellular cytoplasm con-
sists of free water, which is the principal type of
water molecule capable of altering MRI signal
intensity in instances of cytotoxic oedema.

MR diffusion weighted imaging (DWI),
however, can visualize hyperacute cerebral is-
chaemia with some degree of certainty. Never-
theless, DWT does not indicate whether the in-
volved tissue is irreversibly damaged or is still
vital, and therefore amenable to benefiting
from interventional recanalization treatment (9,
10, 11). For this purpose MR perfusion imaging
can be used to evaluate the presence or absence
of discrepancy between the diffusion and per-
fusion of affected tissue. If such discrepancies
exist, for example in a case of a circumscribed
area having abnormal diffusion but showing
greater relative perfusion, then it is apparent
that the “shadow” tissue area or ischaemic
penumbra may benefit from recanalization;
conversely, where there is no such ischaemic
penumbra, it is unlikely that fibrinolytic thera-
py will be successtul (2, 4). MR spectroscopy
may provide yet further information on the vi-
able status of ischaemic brain tissue, even if at
the present time this is limited to some extent
by the long examination times involved (13).

In a similar manner to what has been shown
with functional MRI, recent studies have
shown that it may also be possible to obtain
functional data with CT (8). Therefore, it may
be that emerging technologies will have an im-
pact on the diagnosis and treatment of patients
with cerebral stroke.

In order to identify suitable candidates for
thrombolytic therapy, it is necessary to know
clearly whether there has actually been a vascu-
lar occlusion. If this is indeed the case, an MR
(or CT) angiographic study acquired during the

acute clinical stage is imperative (1). With MR
angiography it is possible to evaluate the arteri-
al anatomy of the major vessels at the base of
the brain. Good anatomical imaging shows ei-
ther the normal vessels composing the circle of
Willis, or their absence in the ischaemic cere-
bral area. This may at times be the key to the di-
agnosis of major vascular occlusion, in which
case it is useful to extend the MR angiographic
examination to the vessels in the neck and even
the aortic arch, the latter requiring intravascu-
lar gadolinium injection and timed imaging of
the aortic arch and cervical region. These tech-
niques can also be useful as a treatment-moni-
toring tool, serially imaging the vascular
stenoses and occlusions non-invasively in pa-
tients on specific therapy. However, there are
some limitations associated with the MR angio-
graphic technique, such as less temporal and
spatial resolution as compared to digital an-
giography. It is partly for this reason that con-
ventional invasive angiography remains the in-
vestigative method of choice when the imaging
diagnosis of vasculitis, vascular dissection or
embolism is in doubt, and also for purposes of
unequivocal vascular examination in suspected
cases of cerebral cortical venous and cranial ve-
nous sinus thrombosis (3, 6).

Some authors have advocated the use of CT
angiography, in part because of its ability to
show associated dystrophic atherosclerotic cal-
cification of arterial walls in addition to the vas-
cular luminal characteristics. However, the need
to introduce contrast media as a part of the CT
angiographic technique, involving in most cases
high dosages of 100 to 200 cc, is a relative con-
traindication in cases of suspected ischaemia
with blood-brain barrier disruption. In such
cases the possible further adverse effects of ex-
travasated contrast material upon the underly-
ing cerebral parenchyma must be considered, as
the tissue is already ischaemically injured. For
this reason MR angiography is preferred be-
cause of the small quantities of intravascular
gadolinium contrast agent required and the es-
sentially harmless nature of the paramagnetic
contrast medium used. MR angiography has the
additional advantage of showing not so much
the flow itself, but instead the “cast” of the ar-
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terial lumen, with the imaging findings being
very similar to those of digital angiography.

CONCLUSIONS

In conclusion, the neuroradiologist today has
many means available to him for the investiga-
tion of the lesions associated with clinical stroke
and their underlying pathophysiology. Ideally,
all of the neuroradiological investigations out-
lined in this discussion should be carried out in
within the first few hours of onset of the stroke.
In such cases the imaging protocol must in-
clude: 1) a CT examination and, when possible,
2) a basic MRI to confirm the clinical diagnosis
and to exclude other acute onset non-ischaemic
pathological process potentially responsible for
the neurological deficit; 3) MR diffusion weight-
ed imaging to evaluate the extent of the is-
chaemic injury; 4) MR perfusion imaging to
show the extent of the remaining vital tissue;
and 5) MR angiography to establish the pres-
ence or absence of a vascular luminal defect
with certainty so that fibrinolytic therapy can be
initiated when appropriate. In this way it is pos-
sible within 45-60 minutes to have a morpho-
logical and pathophysiological assessment of the
ischaemic injury, an assessment that may also be
useful for prognostic purposes.

However, for this to be possible, much de-
pends on environmental factors such as equip-
ment availability, compliance with the constrain-
ing time elements requiring that the patient be
ready for imaging analysis within a very few
minutes or hours after the onset of the stroke
syndrome, adequate patient cooperation and
specific physician skills, competence and experi-
ence. In any case, an accurately performed and
interpreted CT examination is required, and in
the case of a negative CT, a baseline MR exami-
nation and MR angiogram.
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1.2

CT IN ISCHAEMIA

T. Scarabino, N. Zarrelli, M.G. Bonetti, F. Florio, N. Maggialetti,
A. Lorusso, A. Maggialetti, A. Carriero

INTRODUCTION

Cerebral ischaemia is the pathological condi-
tion that affects the cerebral parenchyma when
blood flow drops to levels that are insufficient to
permit normal function, metabolism and structu-
ral integrity. The ischaemic state can be incomple-
te or complete, according to whether blood sup-
ply is insufficient or totally interrupted, respecti-
vely; and whether the problem is global or regio-
nal, depending on the parenchymal territory in-
volved. By far the most frequent cause of cerebral
ischaemia is arteriosclerosis of the arteries that
supply blood to the brain, when an embolus or a
thrombus occludes such a vessel. Other causes in-
clude emboligenic cardiopathies, sudden global
drops in cerebral perfusion pressure, non-athero-
matous arteritis (e.g., inflammatory, traumatic
causes, etc.), haematological disorders such as
polyglobulia or drepanocytosis and oestroproge-
stinic treatment. At the current time, CT repre-
sents the most suitable method for diagnosic ima-
ging of cerebral ischaemic conditions, especially
in cases of a complete neurological injury/deficit.
It is, however, less suitable for diagnosing tran-
sient ischaemic attacks (TTIA) and reversible
ischaemic neurological deficits (RIND), which are
temporary and subside rapidly, and in which case
it is more important to assess the status of the lar-

ger intra- and extracranial vessels (for which pur-
pose echo-Doppler and MR angiography investi-
gations may be more appropriate).

SEMEIOTICS

The resulting CT picture obtained depends
on a number of factors including the type, com-
pleteness and location of the vascular occlu-
sion, the time required for the ischaemic pro-
cess to become established and the presence or
absence of anastomotic pathways. Unlike com-
plete neurological deficits, in transitory forms
of ischaemia a negative CT can be expected,
and in only 14% of all cases does the site de-
tected coincide with that region suggested by
the patient’s syndrome. In certain cases, howe-
ver, it can reveal signs linked to the underlying
vasculopathy such as the dilation, tortuosity
and parietal calcification of vessel walls in the
vessels comprising the circle of Willis. Althou-
gh somewhat rare, in certain cases, TIA’s can be
accompanied by vascular malformation, a small
haematoma or a neoplastic process. On the
other hand, infarctions can be completely
asymptomatic, especially when small and when
located in mute parenchymal areas. The impor-
tance of an ischaemic lesion, as diagnosed by
CT, in causing neurological signs and symp-
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toms depends on both its age and site and can
therefore only be held responsible for symp-
toms in progress that are in keeping; if this is
not the case it must merely be considered as an
incidental finding, expression of the same
stroke-causing cerebrovascular pathology (18).
Regardless of clinical criteria, there are a num-
ber of semeiotic CT findings to be considered
in order to identify the nature of a given ischae-
mic lesion, namely: 1) site and morphology, 2)
evolution of lesion density, 3) presence of mass
effect, and, 4) enhancement following endova-
scular injection of contrast agents (i.e., pattern
of contrast enhancement, CE) (Fig. 1.1).

Site and morphology

The site of the lesion has considerable impor-
tance in diagnosis as it reflects a vascular blood
supply territory (Fig. 1.2). One or more large ar-
terial vessel territories can be partially or totally
affected (depending in part on the efficiency of
any collateral circulation present) (Figs. 1.3, 1.4,
1.5, 1.6, 1.7); alternatively a reduction of cardiac
output can affect the border zones between the
various vascular territories or between the deep
and superficial districts of the same territory (the
so-called “watershed” areas), or the end point of
a vascular territory (the so-called “last mea-

HYPODENSITY

C.E.

MASS EFFECT %

TIME (days)

21 28

Fig. 1.1 - Evolution over time of certain aspects of CT semeiotics: density, CE and mass effect of the ischaemic lesion.
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Fig. 1.3 - Infarct of the middle cerebral artery territory;

a-b) partial infarct with involvement of the superficial left district only;
c-d) complete infarct on the left with mass effect on the adjacent lateral ventricle, which appears compressed; on the right, other small-

er ischaemic hypodensities can be seen.

dows”). Typical watershed infarcts are situated at
the frontal-parietal border (between the anterior
cerebral artery territory and that of the middle
cerebral artery), at the gyrus angularis (between
the territories of the anterior, middle and poste-
rior cerebral arteries), between the putamen and
the insula (on the border of the deep and super-

ficial branches of the middle cerebral artery)
(Fig. 1.8). “Last meadow” infarcts affect Heub-
ner’s artery (Fig. 1.9), lenticulostriate arteries or
perforating arteries (31).

The most frequently affected vascular terri-
tory is that of the middle cerebral artery, fol-
lowed by that of the posterior cerebral artery, the



1.2 CT IN ISCHAEMIA

11

Fig. 1.4 - Partial infarct of the left anterior cerebral artery ter-
ritory.

anterior cerebral artery and the basilar artery
(Fig. 1.10). Infarcts less commonly occur in cer-
tain territories such as the brainstem (Fig. 1.11)
and the thalamus (Fig. 1.12). It is also possible to
observe pathologically multiple small infarcts
(0.5 - 1 cm), which are somewhat problematic to
detect on imaging studies, especially when situa-
ted in the posterior fossa (due to the bony arte-

Fig. 1.5 - Infarct in the territories of a) the right posterior and
b) bilateral cerebral arteries.

facts at the base of the skull) (Fig. 1.11). As men-
tioned previously, the morphology of the ischae-
mic area is also important. The occlusion of the
internal carotid artery produces an infarct th-
roughout the ipsilateral hemisphere (Fig. 1.7)
and may or may not spare the thalamus. These
larger lesions may demonstrate severe mass ef-
fect and the prognosis in such cases can in
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Fig. 1.6 - Infarct of the right anterior and middle cerebral ar-
tery territory, with clear mass effect on the shifted midline
structures contralaterally.

part be dependent upon the presence of collate-
rals of the circle of Willis and leptomeninges.
Infarcts affecting the branches of the middle
cerebral artery are wedge-shaped, with their
base at the convexity and tip at the 3" ventricle,
whereas a curved trapezoid shape is typical of a
distal occlusion at the beginning of the lenticu-

Fig. 1.7 - Vast infarct of the right anterior, middle and posteri-
or cerebral artery territories.

lostriate branches (Fig. 1.3 c-d). The occlusion
of the posterior cerebral artery, which appears
as a rectangular shape, affects the medial terri-
tory of the lateral ventricle junction and the-
refore the occipital, temporal posteromedial
and posteroparietal areas and, in some cases,
the thalamus (Fig. 1.5). Infarcts of the anterior
cerebral artery affect the frontal parasagittal
and parietal areas (Fig. 1.4); they are triangular
in shape at the base of the frontal lobe but li-
near in the remainder of the parasagittal fronto-
parietal region. In addition to their site, water-
shed infarcts are characterized by their shape
and usually have a linear appearance.

Despite the fact that they affect both white
and grey matter, ischaemic alterations are more
clearly visible in the former with axial CT sec-
tions. If they are of medium dimensions, they
appear irregular, round or elliptical rather than
triangular. Those lesions that affect the central
grey matter nuclei tend to reflect the shape of
these structures; those of the grey matter cortex
are somewhat triangular with their base at the
convexity if only one branch is occluded, and
trapezoid-shaped when more than one branch
is occluded.



1.2 CT IN ISCHAEMIA

13

Fig. 1.8 - “Watershed” infarcts.

a) between the right anterior and middle cerebral artery terri-
tories;

b) between the right middle and posterior cerebral artery terri-
tories;

¢) between the left deep and superficial middle cerebral artery
territories.

Evolution with time

Four distinct temporal phases can be identi-
fied, including: 1) hyperacute, 2) acute, 3) suba-
cute, and 4) chronic (3, 8, 10, 15, 17, 27). The
hyperacute phase occurs within 6 hours from
onset. From a neuropathological point of view,

the main alteration is best described as cyto-
toxic oedema represented by the shift of water
in neurons. Because this is a relatively modest
change, the CT in this stage is usually negative.
In this phase, the clinical and CT findings may
not agree. In this early stage, despite the fact
that the patient may present with complete he-
miplegia and unconsciousness, the CT scan of-
ten remains normal (Fig. 1.13a). However, with
the passage of time, the CT becomes positive.

2401

Fig. 1.9 - Ischaemic lesion at the head of the left caudate nu-
cleus; there is also a lacunar infarct of the contralateral external
capsule.
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Fig. 1.10 - Infarct in the vertebrobasilar territory.

Large, non-homogeneous hypodense area involving the brain-
stem, the anterior and external faces of the brain hemispheres
as well as the medial and posterior faces of the temporal lobes.
The hyperdensity is associated as with thrombosis of the basi-
lar stem (b) and the ectasia of the supratentorial ventricles (c).

Obviously, the clinical deficit caused by the
ischaemia takes place before oedema is appa-
rent on CT. However, negative CT scans acqui-
red in the early stages of ischaemia are valuable
in ruling out other types of pathology, and espe-
cially associated abnormalities including hae-
morrhage. It is therefore essential that when cli-
nical suspicion points to hyperacute acute
ischaemia and the initial CT is negative, a sub-
sequent scan should be performed during the

upcoming hours to evaluate for evolution of the
abnormality (5). On occasion, a CT scan obtai-
ned in the hyperacute phase can give direct si-
gns (e.g., vessel hyperdensity, subtle parenchy-
mal hypodensity) or indirect signals (e.g., sulcal
effacement, gyral swelling, ventricular compres-
sion, fading of the white matter/grey matter in-
terface) of hyperacute ischaemia. Such findings
have a negative prognostic value and are direc-
tly associated with the degree of neurological di-
sability (23). Vessel hyperdensity in major cere-
bral arteries or one of their branches (the midd-
le cerebral artery is the most commonly affec-
ted) can be observed within the first minutes
following the onset of neurological signs and
symptoms and takes place before the appearan-
ce of CT findings of the parenchymal infarct in
the corresponding territory (Fig. 1.14). This in-
crease in intravascular density, which is visible
on CT without the use of contrast agents, ap-
pears to be caused by the formation of an endo-
luminal clot, either by arterial thrombosis or
embolism (19, 30). For this reason, when clini-
cal signs point to cerebral infarction, a CT scan
through the cerebral arteries traversing the ba-
sal subarachnoid cisterns must be performed
immediately (14), acquired with multiple thin
slices (e.g., 1.5 - 4 mm). In 40-60% of cases, se-
lective angiography reveals a thromboembolic
occlusion, a finding that disappears subsequen-
tly as the endoluminal clot lyses (2). Subtle pa-
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Fig. 1.11 - Infarcts in the posterior fossa and in particular in the
pons (a), midbrain (b) and left cerebral hemisphere (a-b).

renchymal hypodensities can sometimes be ob-
served in these early stages, as even the slightest
increase in water content alters the CT attenua-
tion coefficients, and therefore the relative tis-
sue contrast (in particular, a 1% increase in
brain water content yields an attenuation of 2.5
Hounsfield units).

b

Fig. 1.12 - Thalamic infarcts: on the left (a) and bilaterally (b).

— The acute phase of ischaemia occurs within
the first 24 hours of the event, but typically be-
gins within 6 hours after the stroke onset. From
a neuropathological point of view, vasogenic oe-
dema is present as supported by the filling of
the extracellular spaces of the brain due to a
blood-brain barrier breakdown. Because of su-
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ch tissue alterations, the ischaemic area appears
on CT as a poorly marginated, hypodense le-
sion. Retrospective analyses of CT investiga-
tions have shown that the involvement of more
than 50% of the middle cerebral artery territory
is associated to an 85 % mortality rate (28). Mo-
reover, data provided by the European Co-ope-
rative for Acute Stroke Study shows that the re-

sponse to thrombolytic treatment can vary grea-
tly depending in part upon the volume of the
ischaemic oedematous area as shown on the ini-
tial CT (9). In fact, it has been observed that rt-
PA (recombinant tissue plasminogen activator)
treatment increases the risk of death in cases
where the hypodense area(s) exceed 1/3 of the
perfused territory of the occluded artery. In su-

Fig. 1.13 - Typical evolution of an infarct in the right middle cerebral artery territory.
a) acute phase

b) early subacute phase (2 days from clinical onset)
c) late subacute phase (2 weeks later)

d) chronic phase (1 year later).
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Fig. 1.14 - a) Thrombosis of the left middle cerebral artery (ar-
row head). b-¢) CT check shortly after onset: ischaemic lesion
in the corresponding vascular territory.

ch cases, therefore, patients do not benefit from
fibrinolytic treatment because they are more su-
sceptible to brain haemorrhages if such treat-
ment is undertaken, as opposed to if they are
treated conservatively.

— The subacute phase of ischaemia com-
mences 24 hours after the event and continues
until six weeks from the onset. From a neuro-
pathological point of view, beginning in the
start of the second week there is an increase in

the vasogenic oedema as shown in CT by an
area with increasingly low attenuation coeffi-
cients, better defined margins and mass effect
(internal cerebral herniations are possible,
especially in cases of massive ischaemia) (Fig.
1.13b); the ischaemic area appears most clearly
two to three days after clinical onset of stroke.
From the second week after the event, the oe-
dema and mass effect gradually subside and
the area of hypodensity becomes less clear
(Fig. 1.13¢); in some cases it disappears alto-
gether and the ischaemic area becomes diffi-
cult or impossible to distinguish from the nor-
mal brain surrounding it. This is the so-called
“fogging effect”, which is supported neuro-
pathologically by an increase in cellularity due
to the invasion of microphages and the prolife-
ration of capillaries (i.e., neoangiogenesis)
(24). In massive infarctions, this process is
usually partial and particularly affects the grey
matter of the cortical mantle, where the cellu-
lar reaction is more marked than in the white
matter. This must therefore be taken into ac-
count when evaluating the dimensions of an in-
farction, as scans performed one to two weeks
after the stroke could result in the underesti-
mation of its size or even failure of recognition.
In this phase, CT can provide important infor-
mation in terms of prognosis, such as when in-
traparenchymal haemorrhage (i.e., haematoma
or haemorrhagic infarction) and extraparen-
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chymal bleeding (i.e., intraventricular or suba-
rachnoid) accompany the otherwise bland in-
farct. A recent study on this matter conducted
by the Multicenter Acute Stroke Trial (Italy)
demonstrated that in this phase, haemorrhagic
transformation is frequent, and that patients
who develop intraparenchymal haemorrhage,
extraparenchymal bleeding or even continued
cerebral oedema have an unfavourable outco-
me (83 %, 100% and 80%, respectively) (16).

The onset of the chronic stage of ischaemia
coincides with the start of the sixth week
from the onset of the clinical stroke and is
characterized by repair processes. Parenchy-
mal hypodensity with well-defined margins
appears with attenuation values in the CSF
range (Fig. 1.13d). In the larger ischaemic fo-
ci, the necrotic areas evolve towards poren-
cephalic cavitation with CSF density on CT.
This is accompanied by the dilation of the
ipsilateral ventricle and adjacent subarach-
noid cisterns and, in some cases, by an ipsila-
teral displacement of midline structures.
However, it is also possible that complete re-
covery takes place.

Mass effect

During the initial phases of ischaemic in-
farction, oedema and mass effect affect both
the white and the grey matter; these altera-
tions are present in the ischaemic area alone
(Figs. 1.3 c¢-d, 1.6, 1.7) and they never persist
beyond the third week after the event (Fig.
1.13¢). Prolonged presence after week three
suggests a different type of pathology such as
neoplasia; in such cases an angiographic eva-
luation is required to distinguish between dif-
ferent pathological types unless prior CT
scans showed haemorrhage (in fact, some neo-
plasms do hemorrhage, so that further caution
must be exercised in such instances). If hae-
morrhage is present, the combination of the
volume of the haemorrhage with the volume
of the ischaemia may produce sufficient mass
effect to worsen the prognosis. For example,
in the case of large cerebellar infarctions, com-

Fig. 1.15 - Ischaemic lesion of the lenticular nucleus (15 days
from clinical onset) with nodular and homogeneous CE.

a) direct examination: small hypodense lacunar area in left thal-
amic location;

b) examination after contrast medium administration: marked
CE in the right putamen.

pression of the lower brainstem may occur, re-
sulting in occlusion of the fourth ventricle ou-
tlets and consequent acute triventricular hy-
drocephalus; in this case, suboccipital surgical
decompression can be a “lifesaving” procedu-
re (Fig. 1.10).

b
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Fig. 1.16 - Widespread infarct lesion in the left middle cerebral
artery territory, with non-homogeneous CE: a) direct examina-
tion; b) examination after contrast medium administration.

Contrast enhancement (CE)

Enhancement on CT following the intrave-
nous injection of contrast agents may vary during
the different stages of ischaemia. There are three
types of enhancement: intravascular, meningeal
and intraparenchymal. Intravascular enhance-
ment is the first to occur, due in part to the re-

[\

Fig. 1.17 - Right parietal-occipital infarct with gyral enhance-
ment: a) direct examination; b) examination after contrast
medium administration.

duction in flow caused by stenosis or frank oc-
clusion of the visualized vessel, an effect that is
worsened by the cytotoxic oedema. Abnormal
vascular enhancement can in fact be documen-
ted within two hours of the onset of signs and
symptoms. This type of enhancement is present
mainly in a superficial cortical location, whereas
it is poorly visualized in the deep grey matter and
white matter. Intravascular enhancement provi-
des valuable information on prognosis, as it is in-
versely proportional to the clinical seriousness of
the lesion. In the cases of both total occlusion
(with retrograde collateral flow) and partial oc-
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Fig. 1.18 - Fogging effect of an ischaemic lesion in the left
frontal region (12 days from clinical onset); a) the direct exam-
ination is negative; b) CE of the lesion.

clusion (with direct antegrade flow), the area of
the enhancing vessel’s watershed is perfused, and
therefore there is a possibility of recovery. Due to
meningeal inflammation accompanying pial con-
gestion, abnormal leptomeningeal enhancement
is somewhat delayed when there is simultaneous
parenchymal hypodensity on CT.

Both abnormal intravascular and meningeal
enhancement are more clearly observed on

Fig. 1.19 - Ischaemic lesion of the right capsulothalamic area on
direct examination (a); lesion visibility is reduced after contrast
medium administration (b).

enhanced MRI scans, having greater contrast
resolution as compared to CT. Moreover, the
relative degree of enhancement using parama-
gnetic contrast media with MRI is more con-
spicuous than that observed using a water-solu-
ble iodine contrast agent with CT.
Parenchymal enhancement is usually even
more delayed in appearing (in some cases, tem-
porary hyperacute contrast enhancement may
be seen on MRI). In particular, in the first 5-6
days after onset of the clinical stroke, the con-
trast medium does not alter or only slightly al-
ters the attenuation values in the area of the in-
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farction, and therefore, the presence of dense
enhancement in this phase suggests an alterna-
tive pathological entity such as neoplasia.
However, after the first week, some degree of
parenchymal enhancement can be observed in
the vast majority of cases of infarction. It is par-
ticularly evident two to three weeks after the ic-
tus and can last up to a month or more. After
this time the parenchymal enhancement gra-
dually subsides.

Parenchymal enhancement primarily af-
fects the grey matter of both the superficial
cortical mantle and the deep basal nuclei, but
the pattern of enhancement may have diffe-
rent appearances. For example, a nodular and
homogeneous form may be seen in deep nuclei
(Fig. 1.15); alternatively, a non-homogeneous
pattern may be observed, especially in the
white matter along the border between the su-
perficial and deep vascular territories (Fig.
1.16); and a gyral pattern of enhancement is
typical of the form encountered within the su-
perficial cerebral cortex (Fig. 1.17). While
enhancement patterns such as these are typical
of cerebral infarction, they can occasionally be
confused with enhancement accompanying ar-
teriovenous malformations, cases of active me-
ningitis, instances of recent subarachnoid hae-
morrhage, meningeal carcinomatosis and
lymphoma.

Pathological parenchymal enhancement in
the chronic phase can be attributed to the va-
scular proliferation of neocapillaries having
abnormally permeable endothelium. This me-
chanism of enhancement is observed in the se-
cond and third weeks after the stroke, when
this vascular proliferative process is at its mo-
st active.

In the typical case, CE is transitory and ge-
nerally follows the same pattern as the fogging
effect, and therefore may not be observed if
only a single CT is performed, or if that study
is obtained in a phase during which it is usual-
ly absent (4, 29). Scans performed at shorter
time intervals will enable the visualization of
CE during the evolution of the infarction as
described above. This protocol of enhanced
imaging can be particularly useful during the
second stage, especially if the fogging effect is

present, as it tends to improve recognition of
the infarction (Fig. 1.18). However, in the ini-
tial phase, the typical increase in attenuation
values accompanying the administration of
contrast media occurring within a hypodense
ischaemic area can render it invisible (i.e., iso-
dense enhancement as compared to the sur-
rounding normal parenchyma); this mandates
the performance of a pre-enhancement image
in all cases so as not to miss the infarction al-
together (Fig. 1.19). However, contrast media
should only be administered in certain cases
(e.g., unusual clinical presentation, atypical
imaging presentation forcing a broader diffe-
rential diagnosis), because the extravasation of
hyperosmolar substances into the extracellular
space, especially in the early stages, can hy-
pothetically increase the cellular and vascular
insult over and above that caused by the
ischaemia, thereby slowing the repair proces-
ses and possibly even contributing to the final
irreversible degree of injury (11). In cases
where contrast agent use is mandatory upon
clinical grounds, the use of a non-ionic con-
trast agent with less potential for harmful ef-
fects is preferable.

PARTICULAR FORMS OF INFARCTION
Lacunar infarction

Common in patients with high blood pres-
sure, lacunar infarction usually occurs in
small penetrating branches of the middle and
posterior cerebral arteries, the anterior cho-
roidal and the basilar arteries. This may be
due to lipohyalinosis, fibrinoid necrosis, mi-
croatheromatous plaques or even cardiac em-
bolism (6). These lacunar infarcts give rise to
a large number of typical clinical disorders.
Their recognition is proportionate to their si-
ze, and visualization largely depends upon
the imaging technique used. Lacunar lesions
of just a few millimetres in diameter can ea-
sily go unnoticed, whereas larger ones (from
0.5 to 1.5 cm) are more easily recognized,
especially when thin imaging slices are used
(Fig. 1.20).
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Fig. 1.20 - Multiple infarcts in the right basal ganglia region.

Haemorrhagic arterial infarcts

Ischaemic infarcts usually become hae-
morrhagic when blood returns to the capillary
bed after a period of absence, by means of col-
lateral circulation or due to the lysis and frag-
mentation of the original embolus. CT scans
will usually show a mixture of hypodense and

hyperdense areas in the parenchymal water-
shed of the involved vessel (Fig. 1.21a) (26); in
certain cases, massive confluent haemorrhages
can give rise to a homogeneously hyperdense
lesion that can be impossible to distinguish

Fig. 1.21 - Infarct of the right hemisphere with hyperdense
haemorrhagic component (a); in b) massive and non-homoge-
neous impregnation of the ischaemic-haemorrhagic region.
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from a non-ischaemic haemorrhage unless its
shape reflects the territorial distribution of a ce-
rebral artery. CE can either be barely visible or
massive in such cases (Fig. 1.21b).

In haemorrhage of arterial origin, the blee-
ding primarily takes place in the grey matter
(cortical and deep grey matter) and is almost
always present, on condition that the ischaemia
lasted long enough to damage the capillary wal-
ls and the systemic blood pressure remained hi-
gher than 60 mm of Hg. Although in wide-
spread infarctions the infarcted grey matter can
become entirely haemorrhagic, it may only be
affected peripherally.

Small, irregularly dispersed petechial hae-
morrhages are a very frequent microscopic fin-
ding in all infarcts; however, a diapedesis of red
blood cells capable of causing a haemorrhagic
infarction is observed in 20% of cases. In actual
fact, it is somewhat rare to view minor hae-
morrhagic infarctions using CT for two rea-
sons: 1) small petechial haemorrhages often go
unnoticed due to their size, and 2) the petechial
phenomenon lasts for such a short period that
it can be missed unless sequential scans are
performed at very short intervals.

Minor parenchymal hypodensity in the hy-
peracute phase, accompanied by cytotoxic oe-
dema and detected at an early stage by CT
scans, is considered a useful element for foreca-
sting the development of a haemorrhagic in-
farction. This unfavourable event can be
further precipitated by anticoagulation (e.g., fi-
brinolytic) treatment.

Venous haemorrhagic infarctions

Haemorrhagic infarctions can be caused by
thromboses within the dural venous sinuses, a
complication that arises in association with
many pathological conditions (e.g., infections,
head injuries, hypercoagulability, dehydration
in newborns and infants, leukaemia) (26). The
clinical presentation is often similar to that of
strokes, although the picture can often be ac-
companied by epileptic convulsions, lethargy
and signs of increased intracranial pressure
(20). CT makes it possible to identify both di-

rect and indirect signs of dural venous sinus
occlusion. The former appear as small hyper-
densities within the intravenous space (Fig.
1.22a). Following bolus contrast medium infu-
sion, dural venous sinus thromboses generally
appear as non-contrasted areas: the so-called

Fig. 1.22 - Hyperdensity of the upper sagittal sinus due to
thrombosis (a) with adjacent ischaemic-haemorrhagic focus (b).

b
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“empty delta sign”, a finding which can be so-
metimes better documented by imaging with
high window widths and levels. “Gyral enhan-
cement” can also be observed, although it is
uncommon (7, 20). Indirect signs, a conse-
quence of venous obstruction, are represented
by ischaemic-haemorrhagic parenchymal foci
affecting the subcortical white matter (Fig.
1.22b). Venous events can sometimes be di-
stinguished from arterial ones by the size of
the haemorrhage(s) (e.g., single or multiple,
unilateral or bilateral), the widespread topo-
graphy that does not point to an arterial event,
and by theire triangular shape with the base
lying at the overlying cerebral cortex and the
apex that points towards the ventricular sy-
stem.

A definitive diagnosis of this condition is not
always easy because bone artefacts can simula-
te an apparent venous filling defect at the skull
base and division or duplication of the venous
sinus can also result in a smaller delta sign.

DIFFERENTIAL DIAGNOSIS
Infarctions should not be confused with:

— non-ischaemic primary haemorrbages

Given the hyperdensity of the hemorrhagic
component, this problem cannot arise during
the acute and subacute phases; and a peripheral
“ring enhancement” pattern following intrave-
nous contrast administration is typical, although
it is neither constant nor specific, during the su-
bacute phase. In the late stage, a well-defined,
hypodense area is observed, and therefore diffe-
rentiation of a simple haemorrhage from one of
ischaemic origin is only possible on the basis of
whether or not the lesion conforms to a vascular
territory.

— neoplasia

The differential diagnosis is difficult in the
case of low degree, iso- or hypodense astrocy-
tomas devoid of CE following contrast agent
administration (Fig. 1.23). In such cases, it is
important to determine whether or not there is
a failure to respect a vascular territory, the pat-

Fig. 1.23 - Low-grade astrocytoma in a right frontal position
(a), insensitive to contrast medium (b).

tern of evolution over time and the clinical fin-
dings. With infarcts, the mass effect can be mo-
dest and subsides within 3 weeks; a late appea-
rance of ipsilateral ventricular enlargement and
cortical atrophic alterations can also be fre-
quently observed in cases of ischaemia. In the
case of neoplastic pathology, on the other hand,
vasogenic oedema is confined to the white mat-
ter only and gradually spreads over time. Mo-
reover, in tumours that show some degree of
contrast enhancement, non-homogeneous pe-
ripheral enhancement or a “ring enhancement”
can be observed, which is often not continuous
but is markedly irregular. At equal lesion volu-

b
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mes, the neurological deficit is much less in
neoplasia as compared to ischaemia.

— arteriovenous malformations

Only slightly hyperdense when imaged
without contrast agents, after CE arteriovenous
malformations (AVM’s) show a serpentine pat-
tern of enhancement that can spread within a
vascular territory, affecting not only the super-
ficial cortex, but also the deep grey and white
matter structures. Although smaller vascular
malformations do not cause visible shift of re-
gional structures, the larger AVM’s can cause a
considerable degree of mass effect.

— bacterial or viral encephalitis

The encephalitides appear in the form of hy-
podense areas that may also be associated with
mass effect; they may or may not enhance in a
very irregular pattern, and they do not respect
vascular territories.

— cystic formations

Leptomeningeal cysts are lesions having
CSF density and are often associated with mass
effect with overlying cranial deformation and
thinning of the internal table of the skull. By
contrast, in complete ischaemic vascular le-
sions, mass effect is not present, similary to the
larger porencephalic cysts or cerebral cavita-
tions with or without communication with the
ventricular system, secondary to various non-
specific destructive processes as observed in
the chronic stages (e.g., infectious, vascular or
traumatic).

CONCLUSIONS

The ease at which machines can be accessed,
the rapidity and ease of scanning (even in co-
matose patients), the relatively low cost, the
inherent ability to frequently be able to differen-
tiate between acute ischaemic and primary hae-
morrhagic events (accurately assessing their si-
ze, site, relationship to adjacent structures and
presence of mass effect and haemorrhage), all
contribute to making CT the imaging techni-
que of choice in the diagnosis of stroke. Despi-

te its restrictions, CT is fundamental to fol-
lowing the evolution and effects of treatment in
acute stroke patients.

The advent of helical CT has not brought
about any significant advantages or alterations
in stroke diagnosis, and the evaluation of
pathological and normal cerebral structures is
in fact very similar (1). However, the spiral te-
chnique is fundamental to angiographic and
perfusion imaging.

Angio-CT of the basal cerebral structures
enables the clinician to view the circle of Willis
and therefore determine whether or not the
vessel pertaining to the ischaemic cerebral area
is occluded. In addition, it gives more detailed
information concerning the condition of the va-
scular wall than is possible with MR angio-
graphy.

Perfusion CT is a rapid acquisition functio-
nal imaging technique that is capable of
showing cerebral ischaemia at a very early stage
(prior to the appearance of significant morpho-
logical and density variations as observed in
static CT), of following sequential evolution,
and above all, of providing important informa-
tion concerning the best choice of treatment. In
fact, by evaluating alterations in cerebral perfu-
sion, and in particular cerebral blood flow
(CBF) values, it is often possible to distinguish
clearly between reversible and irreversible
ischaemia areas (12, 13, 21, 25).

Thanks to this recent technological advance-
ment, CT has become of yet greater value in
stroke diagnosis than MR. However, MRI does
have certain advantages, such as direct multi-
planar acquisition possibilities, an absence of
bone artefacts in the middle and posterior fos-
sae, better contrast resolution and greater sen-
sitivity in detecting abnormal variations in the
water content and water diffusion characteri-
stics during the earliest stages of ischaemia (22).
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CT IN INTRAPARENCHYMAL HAEMORRHAGE
N. Zarrelli, F. Perfetto, T. Parracino, T. Garribba, P. Maggi, N. Maggialetti, T. Scarabino

INTRODUCTION

The term intraparenchymal haemorrhage
(IPH) refers to non-traumatic bleeding within
the cerebral parenchyma. IPH accounts for
15% of all cerebrovascular disease, and statis-
tics on this common pathological condition de-
termine that from 10-20 new cases per annum
occur for every 100,000 inhabitants in the pop-
ulation. This variation can be accounted for by
two factors, the first being a drop in the more
severe forms due to the recent progress made in
treating hypertension, and the second being the
improvement in diagnostic accuracy as a result
of the advent of computed tomography (CT).
CT now makes it possible to establish the
haemorrhagic nature of certain relatively “mi-
nor” events that were previously supposed
wholly ischaemic.

In 88% of cases, the haemorrage occurs with-
in the cerebral hemispheres, in 8% in the cere-
bellum and in 4% in the brainstem (Fig. 1.24).
IPH’s located in the cerebral hemispheres can
be further subdivided into two subcategories:
those in typical (75%) and those is atypical
(13%) positions. The former are found in the
basal ganglia and are almost invariably associat-
ed with high blood pressure. The latter, also
known as lobar or subcortical haemorrhages,
can sometimes be attributed to hypertension,

Fig. 1.24 - Modified from (12).

This diagram shows the different percentages of intra-
parenchymal haemorrhage distribution: 88% affect the cere-
bral hemispheres (75% the paranuclear structures and 13%
the white matter); 8% the cerebellum and 4% the brainstem.
Deep-seated haemorrhages are included inside the sector of the
circle (delimited by the corpus callosum above, the external
capsule to the side and the brainstem below). Superficial intra-
parenchymal haemorrhages develop outside this boundary. So-
called “advanced” haemorrhages originate from the basal gan-
glia and spread through the adjacent white matter, crossing this
peripheral border.
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but are more commonly caused by aneurysm
rupture, arteriovascular malformation rupture
or by other pathology characterized by abnor-
mal vascularization (including neoplasia). In
cases of IPH, CT scanning is important as it
permits the differentiation of primary haemor-
rhages from ischaemic forms (Fig. 1.48), which
the clinical data alone is often unable to estab-
lish. In addition, the CT examination provides
accurate information regarding the site, ap-
pearance, dimensions and evolution of the
haemorrhagic focus.

THE ROLE OF CT

The introduction of CT immediately re-
vealed that IPH is far more common than pre-
viously supposed on the basis of clinical data
alone. Prior to the advent of this technique, on-
ly those clinical strokes in which the sudden on-
set and severity of symptoms were accompa-
nied by the presence of blood in the CSF (de-
termined by lumbar spinal tap), and in which
an avascular mass was detected by selective an-
giography (22) were considered haemorrhagic.

Today, both of these examinations are only
rarely considered due to their invasiveness and
relative inaccuracy. In 50% of IPH’s document-
ed using CT, the CSF is not found to contain
blood; angiography is only used very occasion-
ally for haemorrhages in typical locations, but
can be useful in confirming clinical suspicion of
such underlying pathology as vascular malfor-
mations, aneurysms, angiitis and neoplasia (24).

CT is useful for documenting both larger
haemorrhages, which may include ventricular
rupture, as well as smaller ones with minor neu-
rological symptoms. CT is so sensitive that it is
able to document all acute, clinically sympto-
matic haematomas correctly (21). The clinical
diagnosis is somewhat inaccurate even when
sophisticated score systems are used (11), thus
underscoring CT’s fundamental role in evaluat-
ing neurological emergencies (2).

In the hyperacute phase that follows a clini-
cal stroke, when the differentiation of primary
haemorrhage from other pathological entities is
most important, MR is only rarely used, be-

Fig. 1.25 - The presence of fluid levels is not rare (blood levels
stratify in the sloping part). In (a) a large putaminal haematoma
presents with a deep, more recent and compact component and
another, superficial one characterized by a clear fluid-fluid lev-
el (arrowhead). A level can also be observed in the irregular and
widespread multifocal intraparenchymal haemorrhage of a pa-
tient treated with anticoagulants for a heart attack (b).

cause of its relatively long scanning times.
These extended examination times often make
it inappropriate for use in emergency situa-
tions, as these patients are not always able to re-
main immobile, and continuous clinical checks
are required is such cases. Moreover, on the few
occasions in which it is used, the MRI signal of
the haemorrhagic focus is not usually sufficient
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to distinguish it from other types of pathology
that may bleed (3).

However, MRI can prove to be very useful
in defining the anatomical-topographical na-
ture of the IPH and, above all, in monitoring
its evolution during the subacute and chronic
phases (Fig. 1.26). Persistent documentation of
haemoglobin derivatives makes it possible to
establish the haemorrhagic nature of a vascular
accident even some time after onset, a distinc-
tion that is not always possible using CT. In
some cases, MRI can also contribute to identi-
fying the pathology underlying the bleeding
(Fig. 1.27), evaluate hemorrhages within the
posterior fossa (where it is not hindered by
artefacts such as those that occur with CT, Fig.
1.26) and thanks to its greater relative contrast
resolution, it is also possible to identify smaller
foci that are not visualized using CT.

Angiography is only used in cases of non-
spontaneous haemorrhage, whose causes can-
not be demonstrated by MR or CT (with/with-
out contrast media) in the acute phase. It is al-
so routinely performed in the evaluation of pa-
tients under 45 years of age, especially when the
IPH has a lobar location and the patient has no
past history of high blood pressure (24).

CAUSES

IPH can be attributed to a great number of
causes, although by far the most common is
the so-called “spontaneous” form, which is al-
most invariably associated with systemic high
blood pressure. Haemorrhagic extravasation
occurs most commonly in the basal ganglia
(usually between the insula and the lenticular
nucleus); it also typically affects the claustrum,
the lateral portion of the putamen, and the ex-
ternal capsule and causes extensive injury of
the surrounding cerebral parenchyma as the
haematoma dissects its way through the cere-
bral tissue.

The haemorrhage occurs due to a rupture of
an artery (usually one of the lenticulostriate ar-
teries, which are particularly sensitive to
changes in pressure), whose walls have been
damaged by the chronic effects of arterial hy-

Fig. 1.26 - Relations between CT and MR.

A recent haematoma affects the left paramidline portion of the
cerebellum (a). It is not subject to surgical removal (because it
does not cause a «narrow» posterior fossa). It is checked one
week later using MR (b), here represented in a coronal T1
weighted spin-echo sequence. MR is superior during the sub-
acute phase as it better documents haemoglobin breakdown
products; in particular around the posterior fossa, due to the
absence of artefacts from the cranial theca that are inevitable
with CT; in each phase and position due to its superior (three
dimensional) spatial localization (7).
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pertension. The blood flows outwardly quite vi-
olently, and due to its kinetic energy, it forms a
vortex at the outlet point. Under direct obser-
vation, haemorrhagic foci are therefore masses
of more or less clotted blood, with poorly de-
fined margins (due to peripheral mingling with
necrotic strands of brain tissue). The adjacent
parenchyma is infiltrated with frank blood, and
is more or less destroyed. The clinical presenta-
tion (most patients are in their 7% decade of
life) is characterized by an abrupt onset and a
rapid evolution of signs and symptoms. In 1/3
of all cases, the neurological deficit reaches a
peak at onset, and in the remaining 2/3 of pa-
tients the clinical picture worsens gradually
over the course of minutes or hours in propor-
tion to the dimensions of the arteries involved
and the speed at which bleeding occurs. In cer-
tain rare cases, the clinical evolution can last a
number of days, thus mimicking the clinical
picture typically manifested by neoplasias (19).

Prodromic symptoms such as headaches,
paleness and nausea only occur somewhat rarely.
In 2/3 of cases, the severe form of onset, or cere-
bral apoplexy, strikes patients during full activity
and only rarely occurs during rest. The systemic
blood pressure is high in 75-80% of cases, and
therefore plays a prominent role in categorizing
the likely aetiology of the haemorrhage. Unlike
aneurysm ruptures (which may have multiple
episodes), in most cases only one haemorrhagic
event occurs, and active/progressive bleeding or
late recurrence in the same site is rare.

A gradual worsening of clinical symptoms is
therefore more frequently caused by a perile-
sional increase in oedema (with a consequential
mass effect) or by the intraventricular or sub-
arachnoid spread of the bleed rather than an in-
crease in haematoma volume. In certain circum-
stances, CT images may not undergo any major
change, therefore indicating metabolic factors
or medical complications (22). In massive forms
of IPH (Fig. 1.33), the patient is comatose and
usually has severe alterations of the vegetative
functions (e.g., considerable breathing difficul-
ties, cardiovascular alterations, incontinence
and hyperthermia). In this phase, neurological
lateralizing signs can prove difficult to evaluate
given the massive hypotonia.

Fig. 1.27 - IPH caused by the rupture of a cavernous angioma.
In this 22 year-old female, a localized haemorrhagic lesion af-
fects the rear arm of the internal capsula (a). With its various
sequences (in b it is represented by a PD-weighted SE se-
quence), MR demonstrates that it is consequential to the rup-
ture of a cavernous angioma.

When onset is more gradual, taking a num-
ber of hours, even sluggish patients are aware
of the occurrence of the neurological deficit. In
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Fig. 1.28 - Large parenchymal bleed in a chronic alcoholic, with
more recent, irregular hyperdense foci, alternated with areas of
widespread colliquation in the white matter. The concomitance
of cerebral atrophy and the somewhat limited «mass effect»
caused by the lesion should also be noted.

2/3 of cases, neurological or neurovegetative al-
terations tend to worsen during the first 24-48
hours, with a rapid evolution towards death,
which is sometimes ultimately caused by acute
pulmonary oedema.

In the so-called regressive forms, which ac-
count for the remaining 1/3 of patients, the
evolution is less aggressive, and following the
initial phase, which does not differ greatly from
that described, within 7-10 days the patient’s
consciousness and neurovegetative state may
stabilize or even improve.

In addition to high blood pressure, which
accounts for some 80% of cases, there are
many other causes of IPH. The most common
are aneurysm ruptures and arteriovenous mal-
formation (AVM) and cryptic angioma rup-
tures, all of which usually occur in lobar posi-
tions and are often accompanied by subarach-
noid haemorrhage (Fig. 1.35).

2-10% of IPH’s are caused by an underlying
neoplasm, the most common metastatic forms
being melanomas, kidney and lung tumours and
choriocarcinomas. Primitive forms of tumours
that may lead to IPH include gliocarcinomas,

Fig. 1.29 - Thalamic haematomas.

In (a) thalamic haematoma with limited extent, resolved by
conservative treatment alone (note the hypodense wedge-
shaped lesion in contralateral parietal location, outcome of a
previous ischaemic accident). In (b) a coarser haematoma with
marked mass effect (deformation of the 3™ ventricle) and in-
traventricular inundation with fatal outcome.

mesogliomas, angioblastic meningiomas and hy-
pophyseal adenomas.

Haemorrhagic mechanisms within the tu-
mour may be due to a number of factors, includ-
ing: the rupture of pathological neovessels asso-
ciated with the tumour, such as those observed in
a gliocarcinoma; the rapid growth of the neopla-
sia outstripping its blood supply, typical of neo-
plastic metastases and the associated systemic
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Fig. 1.30 - A «globous-midline» IPH (2), with dimensions (2.5
cm) larger than those usually observed for such formations,
which completely obliterates the putamen (compare delin-
eation with that of the healthy contralateral). The peripheral
crown-shaped hypodensity is also larger than normal.

complications, such as coagulation disorders
(22). In approximately one-half of these patients,
the clinical onset takes the form of a haemor-
rhagic ictus, whereas in others the symptoms are
subtler and the CT detection of peritumoral
bleeding can be an unexpected finding (22).

IPH is also often caused by clotting disorders
(e.g., complications of anticoagulation treat-
ment, haemophilia, thrombocytopenic purpura,
leukaemia and aplastic anaemia), where bleed-
ing often occurs either spontaneously or sec-
ondary to minor trauma. The CT picture can be
typical or can very often reveal a fluid/blood in-
terface combined with fluid stratification as an
effect of blood sedimentation below the overly-
ing plasma (Fig. 1.25b).

IPH is also commonly observed in chronic al-
coholics, being caused by a number of different
pathogenic factors, especially the frequent falls
to which such subjects are prone due to im-
paired coordination; clotting disorders, most
commonly that of reduced platelet function; and
cerebral atrophy that exposes brain surface ves-
sels and bridging vessels (i.e., from brain surface
to parietal dura mater) to greater risk of trau-
matic injury. Bleeding can be quite widespread,
and usually originates in the subcortical white

Fig. 1.31 - Two examples of putaminal haematomas spread to
the external capsule, with the classic elongated shape in an an-
terior-posterior direction. That on the right (a) is smaller and
surrounded by a clearer hypodense border. These forms ac-
count for 11% of all putaminal IPH’s and usually have a good
prognosis.

matter. For this reason the haemorrhage can
thereby be differentiated from more serious
post-traumatic contusive haemorrhage, which
tend to be smaller and often multiple, and occu-
py a more superficial position (Fig. 1.28). Due to
the accompanying atrophy, even when extreme-
ly widespread, the haemorrhaging gives less sig-
nificant mass effect than might be expected in
other forms of haemorrhage with similar dimen-
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Fig. 1.32 - Typical example of putaminal haematoma that
spreads to the internal capsule (a) and to the semioval centre
(b). These forms account for 32% of all putaminal locations.

sions. Following surgical evacuation of the
haematoma, the brain parenchyma often returns
to its previously occupied space (22).

IPH’s may also be caused by cerebral amy-
loid angiopathy or CAA, most commonly en-
countered in elderly patients (13), and in cases
of sympathomimetic drug abuse, more com-
monly observed in the young (9).

In addition, cases of IPH are not infrequent-
ly observed secondary to arterial or venous in-

Fig. 1.33 - «Great cerebral haemorrhage».

Recent occurrence of widespread bleed massively involving the
left thalamic and putaminal basal ganglia. Concomitance of: a
marked mass effect (with conspicuous contralateral shift of the
midline structures) and a blocking of the ventricular cavities
(the homolateral ventricle is completely obliterated, the right
one only in the occipital horn). However, the amount of peri-
focal oedema is, as usual, restricted to a peripheral border on-
ly. The patient died a few hours later.

Fig. 1.34 - Recent, voluminous IHP involving the so-called tem-
poral-parietal-occipital junction.

flammation (thrombosis/rupture of arteries and
of cortical veins or the dural venous sinuses) and
the forms of vascular inflammatory change oc-
curring in systemic or infectious illnesses.
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SEMEIOTICS

In comparison to the surrounding parenchy-
ma, acute phase IPH appears on CT scans as
clearly defined hyperdense, non-calcified le-
sions having mass (volume). The hyperdensity
is linked primarily (90%) to haemoglobin and
only partly (8%) to the concentration of iron
(6). For this reason it is less hyperdense in pa-
tients suffering from severe anaemia, where in
some unusual cases it can be difficult to per-
ceive (14). Clot formation and its subsequent
retraction cause a considerable increase in the
packed cell volume and thus a further increase
in density of up to 90-100 H.U. (6). IPH’s usu-
ally present as round or oval in shape, but in
certain haemorrhages, especially in the larger
ones, the haemorrhagic mass can be irregular
(Figs. 1.25b, 1.32b, 1.39a, 1.42a, 1.48a, 1.49a).
The profile of the haemorrhagic mass is usually
well defined, however blurred margin, tree-
shaped, jagged borders or map-shaped profiles
can also be observed. These shapes are a result
mainly of the quantity of the extravasated
blood (i.e., the greater the quantity, the greater
the dissecting effect upon the surrounding neu-
ral parenchyma), although in IPH forms associ-
ated with blood dyscrasias, irregular borders
are more common due to irregular clot forma-
tion (6) (Fig. 1.25b).

The appearance of the internal aspect of the
haematoma can either be homogeneous or can
be characterized by hyper- and hypodensities of
varying degree, size and configuration (Figs.
1.28a, 1.48a). Horizontal fluid-fluid levels may
also be seen (Figs. 1.25, 1.42). Occasionally,
shortly after onset of the haemorrhagic event, a
radiodense core surrounded by a less dense,
thin circumferential border area can be ob-
served. Over several days’ time, the peripheral
hypodensity is seen to enlarge and vary in width
(Figs. 1.26, 1.29a, 1.30, 1.31a, 1.32a, 1.33, 1.34,
1.36, 1.41a, 1.42, 1.47, 1.49a). This peripheral
oedematous layer yet later becomes visible as
more extensive digitations of oedema that pene-
trate the white matter extending away from the
haemorrhagic focus (Figs. 1.32b, 1.44, 1.45).
The origin of this peripheral oedema is partly
due to a serous exudation from the regional

Fig. 1.35 and 1.36 - Lobar and white matter haematomas. The
left frontal haematoma (Fig. 1.35) is secondary to the rupture
of an aneurysm of the anterior communicating artery and is ac-
companied by subarachnoid bleeding, intraventricular inunda-
tion and hydrocephalus. The right parietal haematoma (Fig.
1.36) is of the «spontaneous» kind in a hypertensive patient.

blood vessels, and partly to the oedematous re-
action of the surrounding neural tissue to the
blood clot.

Larger hemispheric IPH’s (Figs. 1.25b, 1.33)
generally cause mass effect with midline shift,
and eventually a transfalx internal herniation of
the cingulate gyrus and downward transtentor-
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Fig. 1.37 - Voluminous IPH of the left hemisphere causes a de-
formation and deviation of the 4th ventricle and a closed pos-
terior fossa condition.

ial internal herniation of the hippocampal un-
cus. The latter event may ultimately result in a
series of secondary parenchymal softenings or
haemorrhages, especially within the midbrain
and pons (1).

During the first five days from IPH onset,
contrast enhancement on CT is never observed,
unless the haemorrhage is due to a discrete un-
derlying pathological entity (e.g., neoplasm)
(Fig. 1.42).

Some IPH’s, especially those in deeper posi-
tions (and not necessarily the largest ones),
rupture into the cerebral ventricles (Figs.
1.25b, 1.29b, 1.33, 1.47a, 1.49). Subarachnoid
bleeding is not uncommonly encountered, but
such cases usually suggest a ruptured vascular
malformation or cerebral aneurysm as the un-
derlying cause (Fig. 1.35).

Evolution

In non-fatal, conservatively treated haemor-
rhagic stroke cases, and especially in those in
which the clinical picture progressively wors-
ens, IPH evolution is often monitored sequen-

tially with CT. In other cases, the first scan is
performed some time after bleeding com-
mences, for example perhaps because the pa-
tient presented with a gradual progression of
signs and symptoms and a less abrupt onset.
For these and other reasons, it is therefore use-
ful to know how the blood collection evolves as
well as its collateral effects upon the overlying
tissues in order to monitor the situation during
follow-up, and be alerted to if and when further
intervention may become necessary.

Diagram 1.40 shows the changes that the var-
ious IPH parameters undergo over time as
judged by CT. Density tends to decrease, pass-
ing from a hyper- to an iso- and finally to an area
of hypodensity (Fig. 1.41), as a result of a series
of phenomena including the phagocytosis of
blood pigments, the persistence of necrotic
brain tissue and a mingling the whole with xan-
thochromic fluid (e.g., expressed serum). This

Fig. 1.38 - An eight year-old girl falls into a sudden coma. The
CT picture shows a coarse IPH of the vermis with a subarach-
noid haemorrhagic shift, obviously a non-spontaneous form.
All the conditions (age, site and concomitant SAH) point to
secondary forms. CT documents two further findings: the
widespread ischaemic hypodensity of the brainstem and hydro-
cephalus (signalled by the ectasia of the temporal horns). There
is no time to perform an angiographic check or other neurora-
diological investigations. The vermis is one of the most com-
mon sites for «cryptic» angiomas (18).
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progressive reduction in density that com-
mences during the first week, continues for sev-
eral months, and can usually be associated with
a parallel reduction in the overall size of the IPH
(19). The subacute phase, which starts 3-5 days
after the haemorrhagic event, is characterized by
clot lysis; the blood clot focus is surrounded by
a mainly mononuclear cellular infiltrate, which
causes fibrinolytic  resolution, erythrocyte
phagocytosis, enzymatic digestion of the molec-
ular components and the accumulation of
haemoglobin breakdown products. The CT pic-
ture shows a gradual centripetally directed re-
duction in density (i.e., loss of hyperdensity
from the outermost layers of the blood clot, and
progressing temporally inward). The IPH as-
sumes a characteristic rosette type appearance
(Fig. 1.43a), having a central hyperdense portion
(represented by the centre of the clot), an inter-
mediate hypodense area (composed of cellular
debris, clot breakdown products and low
haemoglobin concentration serum), and finally
an even more hypodense outer portion caused
by the oedema (6). In larger haemorrhages, this
model can be replaced by a global, progressive
reduction in clot density (4). The appearance of
the IPH may also be altered by mixing with CSF
or, less frequently, by rebleeding. Towards the
third week, it tends to become isodense as com-
pared to normal brain parenchyma, before sub-
sequently becoming relatively hypodense. Two
to three months after the event, the centre of the
haemorrhagic focus has a density similar or near
to that of CSF, transforming itself into a poren-
cephalic cystic cavity (i.e., communicating with
the cerbral ventricular system) or alternatively
an area of cystic encephalomalacia (i.e., not
communicating with the ventricles). The dimen-
sions of intraparenchymal haemorrhages at this
late stage are notably smaller than at onset, and
an ex-vacuo dilation of the adjacent ventricular-
cisternal system always occurs (Fig. 1.41¢).
Smaller IPH’s may not leave macroscopic re-
mains, passing from hyper- to isodensity with-
out the subsequent evolution towards poren-
cephaly (in such cases, the focus of the
haematoma is replaced by a glial-type reaction).
In the chronic phase (after 3 months), the den-
sity values can be variable, with isodensity in

the case of a complete restituto ad integrum, hy-
podensity (the most frequent case) when the
porencephalic/encephalomalacic cavity forms,
and more infrequently, hyperdensity when cal-
cium deposits occur. As a general rule, larger
haematomas require more time to transit these
phases than do smaller ones.

White matter oedema, which is visualized as
hypodensity around the haemorrhage on CT,
develops towards the end of the first week and
subsequently diminishes in degree, although in
certain cases it can persist for some time (Figs.
132 b, 1.41b, 1.44, 1.45). The mass effect, and
in particular the compression of the cerebral
ventricular system, is usually directly propor-
tionate to the amount of oedema entity; the
oedema eventually disappears after 20-30 days
(Figs. 1.25a, 1.32, 1.33, 1.41b, 1.42, 1.43, 1.44,
1.45, 1.47a, 1.49a).

Evolution of the haemorrhage principally
takes place in two stages: a) during the initial
few days the size is related to the growth of the
haematoma, and b) in the subsequent 2-3
weeks the overall mass effect is determined by
the increase in the perihaemorrhagic oedema
(the clinical significance of late appearing oede-
ma is as yet unclear) (23). The progressive re-
duction of this mass effect is typically more rap-
id in the smaller initial haemorrhages and the
haemorrhages associated to less perilesional
oedema (4-16).

Site

Pinpointing the location of the bleed, which
is usually easy with CT, is of fundamental im-
portance as it largely determines: a) clinical
symptomatology, which is closely linked to the
neural structures affected by the bleed; b) aeti-
ology and pathogenesis, because the sponta-
neous forms linked to hypertension develop in
the basal ganglia (the typical site), whereas
those due to ruptured aneurysms, AVM’s or
neoplasia are usually located in variable sites,
(lobar, posterior fossa, etc.); ¢) prognosis, which
correlates with haemorrhage location and ex-
tent; and d) treatment, which can differ from
one form to another, as some types may benefit
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Fig. 1.39 - A large haematoma with a fragmented appearance
massively occupies the brainstem (a) and spreads upwards to-
wards the thalamic nuclei.

by surgery while others (although opinions may
vary) are usually treated conservatively. Any
cerebral location can be involved, albeit with
varying frequency (Fig. 1.24).

The most typical hypertensive forms, which
account for some three-quarters of all IPH’s,
can be subdivided into medial (thalamic) or lat-
eral (putaminal) events. The former are less fre-
quent (15-25%) and tend to be smaller due to
both the smaller dimensions of the thalamic nu-

clei as well as their containing fibres that form a
barrier to blood diffusion (Fig. 1.29). However,
because of their deeper-seated location, these
haemorrhages are more likely to rupture into
the ventricular system (60% of all cases). In the
larger haemorrhages, the process may reach the
white matter (above) and the midbrain (below).

Putaminal haemorrhages are considerably
more frequent than the thalamic and tend to
have greater extension outwardly and frontally.
When they are confined to the putamen
(17%), they present as a rounded mass with a
typical diameter of 10-18 mm. They may man-
ifest potentially reversible symptoms as they
primarily cause compression of the fibres of
the internal capsule. In one-third of all cases,
these haemorrhages are observed in IV drug
abusers (Fig. 1.30).

However, with the exception of these more
limited forms, putaminal haemorrhages tend to
extend towards the surrounding neural struc-
tures, with imaging studies that depend mainly
on their dimensions and expansion vectors.
Lateral haematomas that extend to the external
capsule (11%) commonly have an oval or com-
ma-like shape (Fig. 1.31), a thickness that can
vary between 1.5 and 2 cm, and a length of 3-5
cm. They originate in the lateral part of the
putamen and principally spread in an antero-
posterior direction across the external capsule;
they typically do not extend either to the hemi-
spheric white matter or deep into the internal
capsule. Due to the relative lack of mass effect
and absence of ventricular rupture, they com-
monly have a favourable prognosis and can
usually be removed surgically.

Forms of haemorrhage that spread more
easily to the structures noted above are includ-
ed in a third group (32% of the total) and are
characterized by a rounded core (2-3 cm) with
linear bands that extend medially towards the
internal capsule and are therefore known as
capsulo-putaminal haematomas; these haemor-
rhages also extend rostrally towards the cen-
trum semiovale (Fig. 1.32).

These first three groups are only rarely fatal,
although in a variable percentage of cases (1/3
- 2/3) they do result in some residual neurolog-
ical deficit.



38

1. CEREBROVASCULAR EMERGENCIES

«Mass effect»
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Fig. 1.40 - Modified from (4).

This chart shows the variations that the density of blood collections and other collateral parameters undergo during the phases sub-

sequent to acute haemorrhagic accidents.

A fourth group (19%) of larger IPH’s (3-5
cm) tend to expand concentrically from the
putamen towards the corona radiata and the
cortex of the cerebral hemispheres (frontal,
temporal and parietal lobes), with either a
jagged or a rounded appearance (Fig. 1.49).
Unlike the forms of haemorrhage associated
with middle cerebral artery aneurysm rup-
tures, their spread towards the Sylvian fissure
is not usually accompanied by subarachnoid
bleeding.

A last group (19%), with the exception of
the rare bilateral haemorrhages that account for
only approximately 2%, is composed of mas-
sive mixed putaminal-thalamic forms that en-
tail complex haemorrhagic involvement of all
the deep nuclear structures (22-24), (Fig. 1.33).

These latter IPH’s are large (up to 7 - 8 cm),
involve considerable midline shift and, in most
cases, ventricular rupture. They have poor
prognosis and often a rapidly fatal evolution in
three-quarters of cases. Principally this is due
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Fig. 1.41 - Evolution of IPH over time.

CT is commonly used in IPH follow-up. In (a) the haematoma
is documented a few hours from the stroke (note the deep po-
sition, the jagged edges and the presence of small satellite foci).
On a check carried out 14 days later (b), the haematoma pres-
ents modest reductions in volume and density; it is however,
surrounded by a vaster hypodense area (with a prevalence of
the oedematous component developing in the white matter).
Three months later (¢), the haematic hyperdensity is replaced
by an irregular porencephalic cavity with a star shape, which
produces discreet ectasia of the homolateral ventricle.

to associated brainstem injury, be it direct or a
consequence of transtentorial herniation, either
of which worsens the degree of coma, and if

unchecked eventually results in a severe neu-
rovegetative state (1).

It is therefore possible to formulate a progres-
sive grading of thalamic and putaminal haemor-
rhages. Together with clinical grading (e.g., pa-
tient awake; drowsy with or without neurological
deficit; sluggish with slight to severe neurological
deficit; semi-comatose with severe neurological
deficit or early signs of herniation; deep coma
with decerebration), it enables an immediate
prognostic assessment, which is useful in decid-
ing upon subsequent possible courses of treat-
ment (16). The debate between the supporters of
conservative medical treatment on the one hand,
and surgery on the other is still open. Whereas it
seems universally accepted that surgical evacua-
tion is the preferable treatment for lobar haem-
orrhages (especially when they are larger than 35-
44 cm’ and therefore have a greater probability
of causing brainstem compression and hernia-
tion), the management of haemorrhages occur-
ring in more common locations is still somewhat
controversial.

It should also be pointed out that surgery is
not necessarily considered as an alternative to
medical treatment, but rather as a complement
to it, especially when conservative management
proves inadequate alone (5, 8). For example,
surgery may be employed when medical thera-
py is unable to adequately control intracranial
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Fig. 1.42 - The use of contrast medium in atypically positioned
acute haematomas. A voluminous lobar haematoma with a prima-
rily occipital expansion (a) is constituted by a more hyperdense
component (¥), an expression of recent bleeding, and by another
subacute, more widespread, and partially levelled component.
The site and the lack of association with hypertension suggested a
secondary haemorrhage and therefore an examination was per-
formed after intravenous administration of contrast medium (b).
There was no documentation of pathologically significant impreg-
nations adjacent to the haematomas, nor alterations in density.
The spontaneous haemorrhagic picture, with clots in various
phases of evolution, was confirmed during surgery.

Fig. 1.43 - The use of contrast media in the subacute phase.
Twenty-five days from the stroke, this haematoma presents with
(a) a target-shaped form and a blurred central hyperdensity.
The contrast medium (b) impregnates a thin and uniform pe-
ripheral rim. This ring is clearly distinguishable, despite the fact
that the patient had received long-term steroid treatment,
therefore in this «late» phase it is essentially supported by the
hypervascularization of granulation tissue.

hypertension. However, generally speaking,
haemorrhages in thalamic positions are not
subject to surgery, because surgery at this loca-
tion is associated with higher mortality rates
(80%); nevertheless, these patients often re-
quire ventriculostomy, due to the frequency of
associated hydrocephalus (9).
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Fig. 1.44 - The influence of steroids on the outer ring.

17 days after the ictus, this IPH presents a reduction in its cen-
tral density, an ample quantity of perifocal oedema and discreet
mass effect. After CE it is demarcated by a ring, which because
of cortisone treatment is incomplete and blurred (arrowhead).

With regard to putaminal haemorrhages,
surgery and its timing depend upon the clinical
status of the patient at the time. Haemorrhages
with a statistically favourable expectation based
on past experience are usually treated conserv-
atively; those with stationary or slowly worsen-
ing clinical pictures are operated in an elective
manner; those IPH’s with early signs of internal
brain herniation are traditionally taken to emer-
gency surgery; and the massive haemorrhages
in those patients having a dire general and neu-
rological status (e.g., deep coma, decerebra-
tion) are not usually treated surgically (17).

The second form of hemispheric IPH (15-
25%) is localized wholly within the white mat-
ter. These so-called lobar or subcortical intra-
parenchymal haemorrhages are linked in one-
third of all cases to high blood pressure and in
the remaining two-thirds of cases to other caus-
es described previously.

The position of these lobar haemorrhages
can be parietal (30%), frontal (20%), occipital
(15%) or mixed (35%). In fact, they often oc-
cur at the temporo-parietal-occipital junction
(Fig. 1.34). Their CT appearance and evolution

Fig. 1.45 - Contrast medium use in the diagnosis of forms en-
countered in the subacute phase only.

For approximately two weeks the patient has been suffering
from worsening symptoms of intracranial hypertension, with
progressive hemiplegia of the left side. Clinical suspicion points
to a neoplastic pathology. The lesion documented by CT (a) is
hyperdense as with IPH, but with atypical site (and symptoma-
tology); it is accompanied by abundant oedema of the white
matter and exerts a marked mass effect. The subsequent exam-
ination after CE, with the demonstration of the «ring» en-
hancement, would therefore strongly suggest a haemorrhagic
nature (as confirmed by subsequent checks). It should be not-
ed that, despite its circumvolute appearance, also in this phase
the ring is thin and regular; which arouses further doubts, be-
cause the patient has not yet been treated with steroids.

are very similar or identical to that previously
discussed for more “typical” positions of IPH.

Frontal haemorrhages (Fig. 1.35) are usually
unilateral (lobar haemorrhages can be bilateral
in forms secondary to aneurysm ruptures of the
anterior communicating artery). They are round
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Fig. 1.46 - Haemorrhagic infarct.

An extensive ischaemic infarct that massively affects the terri-
tory of the left middle cerebral artery, four days from onset
presents an unexpected worsening of clinical conditions.

CT documents irregular circumvolute hyperdensities, which
can refer to overlapping bleeding phenomena.

or oval in rostral positions and wedge-shaped
(with the apex directed at the ventricles and the
base towards the brain surface) if located in a
frontal-basal position. Only 20% of lobar
haemorrhages rupture into the cerebral ventric-
ular system. At least 50% are life-threatening
(22). Those lobar haemorrhages with locations
in the temporal lobes are round; they can rup-
ture into the temporal horns and develop early
internal transtentorial brain herniation. When
they develop within the Sylvian fissure, thus be-
coming frontal-temporal, they are more likely
caused by ruptured aneurysms of the middle
cerebral artery. Larger haemorrhages often ex-
tend deep into the basal ganglia, although they
do not usually cross the internal capsule, an im-
portant distinction with regard to subsequent
treatment.

Parietal lobar haemorhages (Fig. 1.36) have
the most favourable prognosis and often re-
solve with little or no neurological sequelae,
even without surgery.

10% of occipital lobar haemorrhages rup-
ture into the occipital horns of the cerebral ven-

tricles. Nevertheless, these haemorrhages also
typically resolve spontaneously in the vast ma-
jority of cases, although they often leave some
degree of visual deficits.

Cerebellar IPH’s account for approximately
8% of the total, which more or less corresponds
to the proportion of the space occupied by the
cerebellum as compared to the remainder of the
brain. Once again, in this position hypertension
is by far the most common cause. Hypertensive
bleeds are followed, in second place, by vascu-
lar malformations that account for 10-15% of
the total; these haemorrhages are usually caused
by the rupture of cryptic angiomas, which are
even more frequent at this location than in the
cerebral hemispheres (Fig. 1.38).

Approximately 80% of cerebellar TPH’s
have lobar origins (Fig. 1.37), initially affecting
the dentate nucleus; this is where vessel wall al-
terations such as Charcot-Bouchard aneurysms
as observed in the lenticulostriate arteries in as-
sociation with basal ganglia haemorrhages are
seen pathologically. From here, the haemor-
rhage can cross the midline, affecting the ver-
mian area to enter the contralateral cerebellar
hemisphere; it may also rupture into the 4%
ventricle. More infrequently, it can dissect into
the brainstem, which more commonly is simply
affected by compression or displacement.

Less frequently, IPH’s may primarily affect
the cerebellar vermis, especially in the case of
aneurysm ruptures (Fig. 1.38).

In cases where consciousness is largely unaf-
fected and CT presents an IPH devoid of mass
effect with a diameter of less than 3 ¢cm, com-
plete recovery can be expected and surgery is
generally not required (Fig. 1.26). However,
emergency surgery is usually essential (and must
be carried out urgently, in order to be lifesav-
ing), in most of the other cases, especially when
there are CT or clinical indications of brainstem
and fourth ventricle compression (e.g., con-
tralateral brainstem displacement, distortion
and marked brainstem compression with associ-
ated obstruction of the 4™ ventricle, loss of the
basal subarachnoid cisterns, and obstructive
supratentorial hydrocephalus) (22) (Fig. 1.37).

With regard to the brainstem, three anatomi-
cal and pathological distinctions can be made for
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Fig. 1.47 - Although rarely, IPH’s can also present with bilater-
al multiple localizations.

In (a) an example of a deep form, in (b) lobar forms. The
haematomas of (a) are both putamino-thalamic; that on the left
has a non-homogeneous core and, due to its larger dimensions,
prevails in the shift effect on the contralateral ventricular cham-
bers. The IPH’s in (b) are due to the recent bleeding of breast
cancer metastases.

non-traumatic parenchymal haemorrhages: 1)
those haemorrhages encapsulated within the
brainstem parenchyma, 2) large brainstem IPH’s
with ventricular rupture (Fig. 1.39); 3) petechial
brainstem haemorrhages secondary to expanding
supratentorial mass effect complicated by inter-
nal transtentorial cerebral herniation (22). The

small dimensions of the latter make them difficult
to perceive on CT. Pontine haemorrhages have
variable appearances and longitudinal extents
depending on the size of the vessels from which
they originate and the point at which they occur.
If bleeding is caused by the rupture of larger ar-
terioles, the haemorrhage is more commonly me-
dial, affecting the base of the pons and the
tegmen and spreading to the fourth ventricle.
Due to mass effect, in 80% of cases the peri-
brainstem subarachnoid cisterns are obliterated.

However, in haemorrhages associated with
smaller vessels (having a more lateral and
tegmental position), the bleeds are usually
smaller and unilateral and do not rupture into
the fourth ventricle.

CT is invaluable in differentiating pontine
haemorrhages from those affecting the adjacent
cerebellar peduncles and especially the fourth
ventricle; the latter are paramedial, pyramid-
shaped (reproducing the form of the ventricle,
which is usually dilated), and are often accom-
panied by hydrocephalus and the presence of
blood in the basal subarachnoid cisterns (22).

IPH’s rarely occur in the midbrain; when
they do they are not usually caused by hyper-
tension but are instead often related to
aneurysm ruptures. They rarely spread to the
pons or the thalamus (above, Fig. 1.39).

In the majority of cases, CT permits a pre-
cise spatial definition of bleeding and its exten-
sions. In certain cases, more accurate informa-
tion may be required, which is now easily ob-
tainable with CT angiography using 3D recon-
structions, especially with the use of computer-
ized postprocessing analysis (10).

Contrast agent use

During the acute phase, paranuclear IPH’s
do not require enhanced examinations using IV
contrast medium administration. This tech-
nique is used when the diagnosis is in doubt, if
the aetiology of the haemorrhage is uncertain
(Fig. 1.42), or in the following conditions:

a) patients under 40;

b) absence of history of high blood pressure
documentation;
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Fig. 1.48 - CT in differential diagnosis between infarct and
haemorrhage.

It is rare for ischaemic and haemorrhagic pathologies to pres-
ent associated. This case serves to demonstrate the difference
between the CT pictures for the two.

On the right the sequelae of an extensive infarctual lesion (hy-
podense), which affects the territory of the middle cerebral ar-
tery and, immediately adjacent, a recent rounded formation
(hyperdense) of haemorrhagic type, which expands in depth to
the basal grey nuclei.

c) progression of neurological deficit over
more than 4 hours;

d) history of transitory prodromes;

e) an atypical CT appearance and dispro-
portionate degree of subarachnoid and/or sub-
dural haemorrhage;

f) presence of possible combined pathology,
such as proven neoplasia, bacterial endocarditis
or arteritis (22).

Contrast agent use is therefore essential in
all cases where an IPH potentially caused by
other types of pathology is suspected. In fact, in
the case of bleeding tumours, contrast agents
usually only enhance the solid mass compo-
nent, which can therefore be better distin-
guished from the surrounding parenchyma (if
isodense) and the haemorrhage (if hyperdense).
Enhancement can be nodular, diffuse or ring-
shaped (thickened and irregular). The haemor-
rhage is most frequently found at the interface
between the tumour and the surrounding oede-
matous parenchyma; it can sometimes present

with a pseudo-cystic appearance or appear with
a fluid-fluid level of differing densities (22).

During the subacute phase, in other words
when the IPH tends to be accompanied by
greater degrees of perilesional oedema and con-
sequent greater mass effect, and starts to lose its
characteristic hyperdensity, it can sometimes
reveal an atypical CT picture, similar to that
seen in cases of neoplasia. On the other hand,
these IPH’s usually have a lobar location, and
therefore at onset their symptomatology may be
mild and progress slowly; for this reason they
may not be seen in hospital until the subacute
phase. In such circumstances, the use of IV
contrast agents can aid in the determination of
the diagnosis (Fig. 1.45). From the second to
the sixth week, IPH’s show a characteristic but
minor ring of enhancement along the margin of
the haemorrhagic portion. However, this find-
ing is not constant and in fact does not appear
in some 50% of cases (Figs. 1.43, 1.44). This
ring enhancement may also be present in the
iso- and hypodensity phases of haemorrhage
evolution, when the perilesional oedema and
mass effect are completely resolved. The en-
hancing ring is usually thin, approximately 3
mm wide, and of uniform thickness (this ap-
pearance of the rim enhancement is therefore
different from that which often surrounds neo-
plastic masses, which is thicker and has uneven
dimensions).

In the absence of other definitive differen-
tiating elements between the two conditions,
the final diagnosis is possible on the basis of
subsequent serial imaging studies, which, in
the case of IPH’s show a gradual decrease in
the contrast enhancing intensity of the rim, to-
gether with a further reduction in the diame-
ter and density of the central haemorrhagic
component.

There are at least two mechanisms that ex-
plain this semeiological aspect of contrast en-
hancement surrounding benign IPH’s: one pre-
vails in the first stage (3-4 weeks from onset of
haemorrhage), which depends on the brain-
blood barrier breakdown of otherwise normal
native vessels and is reduced in degree by the
use of steroids (Figs. 1.43, 1.44); the other,
which takes place during the later phases, is
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Fig. 1.49 - CT is also valid in postsurgical follow-up.

(a) documents a coarse putaminal IPH, spread to the cerebral
cortex (note the concomitant haemorrhagic extravasation in
the ventricular cavities, with scattered clots in the frontal
horns and a minimal amount of fluid sloping in the occipital
horns). Three days later (b), the haematoma was surgically re-
moved. The CT picture is characterized by the presence of a
large hypodense area and a small gas bubble; more externally
there is a malacic appearance of the parietal lobe (however the
practically unaltered intraventricular haemorrhagic compo-
nent persists). On check-up ten days later, there is a residual ir-
regular deep hypodensity that subsequently, one month after
the ictus, is surrounded by a granulation tissue with an intense,
albeit thin, ring of contrast medium impregnation (d). The fol-
lowing week this cavity is subject to drainage; and the tip of
the deviation catheter is clearly visible. The periencephalic flu-
id-filled spaces and the ventricular cavities contain air (which
also occupies the non-sloping parts of the ventricles).
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linked to the hyperneovascularization of the
granulation tissue that surrounds the IPH and
is not altered by steroid treatment (Fig. 1.45).

It is believed by some researchers that func-
tional recovery is better in cases in which the
contrast-enhancing rim is present. Besides [PH
and neoplasia (glioma, metastasis, lymphoma),
other types of pathology with similar appear-
ances include abscesses (in which the ring en-
hancement is usually thicker and denser, al-
though regular in its thikness, and is accompa-
nied by nodular daughter components or ring
enhancing satellite foci), and thrombosed
aneurysms and angiomas (in which calcifications
or vascular components that can aid in the cor-
rect diagnosis are often found).

PARTICULAR FORMS OF IPH
Haemorrhagic infarction

A haemorrhage may develop within an is-
chaemic lesion when a lack of oxygen that caus-
es the necrosis of the endothelial cells of the
capillaries occurs. In actual fact, infarctions al-
most always contain a variable haemorrhagic
component as determined pathologically,
sometimes in the form of small petechial haem-
orrhages that are not visible on CT. It is there-
fore the presence or absence of this CT visual-
ized component that indicates or dispels suspi-
cion of haemorrhagic infarction (12). This type
of event is most frequently observed as a result
of cardiogenic cerebral emboli or anticoagula-
tion treatment. These haemorrhages are usually
visible on CT scans performed 4-5 days after
the infarct (up to a maximum of 2 weeks) (22)
and are often accompanied by a worsening in
the patient’s clinical condition. Haemorrhagic
infarctions occur in 20% of cases of ischaemic
cerebral disease (small petechial haemorrhages
are present in at least 50% of autopsy findings).
The haemorrhages are almost always confined
to the cerebral cortex and usually affect the
deeper gyri. On CT scans these infarcts appear
as a hypodense area that reflects the circulation
territory (i.e., watershed) of the affected artery;
however, due to the larger degree of accompa-

nying oedema, the low density area has greater
dimensions than the actual dimensions of the
infarct. These infarcts do not usually have sig-
nificant mass effect and usually show small hy-
perdense haemorrhagic components within the
infarcted region (Fig. 1.46). Small diapedetic
forms are not usually visible with CT, in part
due to the limited spatial and contrast resolu-
tion of the technique. The most widespread
cortical haemorrhages usually have a gyral dis-
tribution with convolutional hyperdensity or
are only visible in the apex of the infarct area.
Intravenous contrast agent administration with
CT in the subacute phase results in a classic gy-
ral enhancement pattern.

Intraventricular haemorrhage

Intraventricular haemorrhages can be divid-
ed into two categories: one, the more frequent,
secondary to the spread of an IPH that dissects
through the ependymal lining of the ventricular
surface; and two, a primitive type of haemor-
rhage due to the rupture of vessels of the
choroid plexus or the ventricle walls. The most
common causes of the latter are connected to
regional vascular malformations, haeman-
giomas of the choroid plexus or, more rarely,
malignant neoplasia affecting the paraventricu-
lar tissues.

CT is able to establish both the presence as
well as the aetiology of the intraventricular
bleed with considerable accuracy, showing a
hyperdense haemorrhage that forms a cast of
the morphology of the ventricular chambers
(Figs. 1.25b, 1.29b, 1.33, 1.35). A blood-fluid
(i.e., blood-CSF) level can often be observed, in
which hyperdense blood due to gravity layers in
the occipital horns in supine patients (Figs.
1.33, 1.35). However, in some rare cases the in-
traventricular blood occupies the temporal
horns alone. If the intraventricular haemor-
rhage is a result of an ipsilateral hemispheric
IPH, the ventricular blood may be present in
the adjacent lateral ventricle only.

These two conditions, that is IPH versus
intraventricular haemorrhage (IVH), can usu-
ally be differentiated relatively easily, al-
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though, especially if the IPH is particularly
small, they may be confused as a single-com-
partment hyperdense haemorhage due to par-
tial volume averaging effects. In fact, there is
no absolute correlation between IPH dimen-
sions and association of IVH; in some cases
small haematomas of the caudate nucleus or
the thalamus are accompanied by massive in-
traventricular bleeding.

Certain studies have shown a direct relation-
ship between the volume of intraventricular
blood (e.g., presence of blood in the intraven-
tricular space, number of ventricles containing
blood, intraventricular extension of hyperden-
sity from adjacent brain parenchyma) and the
prognosis of these patients (20). Within a few
days, blood hyperdensity is gradually diluted
by the CSF circulation and by the breakdown
of haemoglobin products. Due to the effect of
CSF flow obstructions at various levels within
the ventricular system, partial or total locula-
tions of the ventricular chambers may form
over time.

Multiple IPH’s

IPH recurrences at the same site are some-
what rare, as are multifocal haemorrhages
(Fig. 1.47). These types do not account for
more than 3% of all intraparenchymal haem-
orrhages. The causes of multiple haemor-
rhages are often the same as those of single
ones, although they usually occur in patients
with normal blood pressure, and tend to
specifically be seen in patients with clotting
defects, cerebral metastatic neoplastic disease
(Fig. 1.47b), thrombosis of the dural venous
sinuses, herpes simplex encephalitis or bacter-
ial endocarditis with cerebral septic emboli.
However, even after selective cerebral angiog-
raphy, it is often difficult to trace the original
cause. In two-thirds of cases, the IPH’s have
bilateral lobar positions, and in the remaining
one-third they are lobar-nuclear (basal ganglia
nuclei), thalamic-cerebellar, paranuclear-bilat-
eral, etc. (22).

In general this does not pose a diagnostic
problem in distinguishing multiple benign

IPH’s from other multiple spontaneously hy-
perdense lesions (metastases, multiple menin-
giomas, rare multifocal angiomas, etc.), all of
which significantly enhance on CT with IV
contrast agents.

CONCLUSIONS

CT enables the direct visualization of haem-
orrhagic lesions and assists in the differentia-
tion from other acute cerebrovascular events
(Fig. 1.48). CT typically accurately illustrates
the site(s), extent and volume of the IPH(s). In
the early phases CT is helpful in monitoring
morphological and densitometric characteris-
tics as well as for revealing complications such
as intraventricular rupture or progressive hy-
drocephalus.

CT is later useful in identifying spontaneous
progression and postsurgical recurrence, in the
case of surgical removal (Fig. 1.49). The ease
and rapidity with which the examination is per-
formed, its high sensitivity and specific nature
make CT the examination of choice for study-
ing this type of pathology. Spiral CT, the latest
technological innovation of this technique and
one that has proved particularly useful in a
number of disease categories (including injuries
of polytraumatized patients), has more limited
applications in the evaluation of clinical stroke.
In reality, its use is not indispensable: tradition-
al CT scans of the cranium are nearly as fast
and equally accurate. In this part of the body,
there are no problems posed by breathing mis-
recording, correct contrast agent timing or
even motion artefacts caused by long examina-
tion times. However, the spiral CT technique
may play a role due to its application in multi-
planar image reconstruction studies (15).
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CT USE IN SUBARACHNOID HAEMORRHAGE

N. Zarrelli, L. Pazienza, N. Maggialetti, M. Schiavariello, M. Mariano, A. Stranieri, T. Scarabino

INTRODUCTION

Subarachnoid haemorrhages (SAH’s) are the
fourth most frequent type of acute cerebrovas-
cular event and account for approximately 8%
of the total. In most cases (at least 75%), SAH’s
are caused by the rupture of aneurysms of the
circle of Willis, with the aneurysm itself lying
within the subarachnoid space. SAH’s affect
approximately 11 of every 100,000 inhabitants
in the general population. The most critical pe-
riod is during the first few days after the haem-
orrhage: 25% of deaths occur on the first day
and 50% in the first five days. Remedying this
situation calls for rapid and specific diagnosis,
which is not possible using clinical data alone.

In recent years SAH survival rates have in-
creased, due in part to progress in intensive care
and surgical techniques, but above all thanks to
the more precise diagnostic methods that are
now available (6). Computerized Tomography
(CT) plays a fundamental role (19). From the
outset its non-invasive nature and sensitivity
have made it an examination technique capable
of achieving early diagnosis. More specifically,
its sensitivity is given as ranging between 93-
100% if performed within the first 12 hours of
the onset of symptoms (24, 26). In addition to
the observation of subarachnoid bleeding (with
the typical hyperdensity of the basal subarach-

noid cisterns and within the cortical sulci), CT
is also able to document collateral phenomena
and complications such as intraparenchymal, in-
traventricular and subdural haemorrhages, any
mass effect upon the cerebrum, hydrocephalus
and cerebral infarcts associated with vasospasm.
In some cases, it is possible to establish the
more or less precise origin of the haemorrhage
from the distribution pattern of blood collec-
tion, which is particularly useful in directing
subsequent selective angiographic examina-
tions. In the case of multiple aneurysms, the pat-
tern of the blood collection on CT is important
in indicating which of them has bled (4). CT al-
lows approximative prognosis assessment (e.g.,
widespread and massive forms of SAH have a
more severe prognosis than smaller ones). Last-
ly, CT is useful in selecting which patients are to
undergo angiography and in determining when
it should be performed (28).

SEMEIOTICS

On CT, the more or less pathognomonic ap-
pearance of SAH is revealed by the increase in
density of the cisternal subarachnoid spaces
that appear proportionately denser as a factor
of the concentration of blood they contain.
Lesser extravasations of blood or those that oc-
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Fig. 1.50 - CT pictures of SAH’s subsequent to the rupture of
an aneurysm of the anterior cerebral artery, a few hours after
the ictus.

aand b: in both cases, the widespread haemorrhagic extravasa-
tion demarcates the perimesencephalic and supra-sellar cis-
terns, the initial part of the Sylvian fissures and the interhemi-
spheric fissure with its hyperdensity. In b the blood collections
are clearly less thick in the perimesencephalic location, but they
are accompanied by the blocking of the 34 ventricle.

Both cause a discreet early ectasia of the ventricular chambers.

cur in subjects with low haemoglobin counts
may be less hyperdense and therefore more dif-
ficult to identify. On the contrary, larger SAH’s,
which tend to clot in contact with the CSF,

form clearly visible and somewhat focal blood
collections (6). On average, the density of fresh
extravasated blood has a value of approximate-
ly 70-80 H.U. (normal CSF = ~10 H.U.).

Generally speaking, abnormal hyperdensity
typically involves the suprasellar and perimes-
encephalic cisterns (or more broadly speaking,
the CSF spaces of the basal subarachnoid cis-
terns), the Sylvian fissures and the cortical sul-
ci. Although infrequent, CT scans performed
at the onset of symptoms can prove falsely neg-
ative. However, this false negative tendency
becomes more frequent the longer the time pe-
riod is between the initial bleed and the per-
formance of the CT examination. In reality: 1)
in the milder clinical forms that may only pres-
ent clinically at a later stage, the subarachnoid
blood will have undergone dilution and dis-
persal within the native CSF, and therefore de-
tection is understandably more problematic;
and, 2) in awake patients with good neurologi-
cal status, it is probable that bleeding is only
minor.

MR using conventional acquisitions is not
preferable to CT in patients suspected of hav-
ing an acute SAH; in fact, in this phase, con-
ventional MR acquisitions may be negative
due in part to the slower conversion of oxy-
haemoglobin into metahaemaglobin (resulting
in relative hyperintensity) within the erythro-
cytes in the subarachnoid space (the oxygen
tension in the subarachnoid space is relatively
high, thereby maintaining oxyhaemoglobin for
longer periods of time than might otherwise be
expected).

As mentioned previously, statistics on CT
sensitivity in demonstrating SAH’s vary greatly
(e.g., from 55 to 100% if we consider data pub-
lished over the last 20 years). This great vari-
ability can be attributed to at least two factors:
the first being the time of the CT examination
performance, because those performed within
24 hours of the onset of symptoms result in
positive rates of 93% - 100% of cases, whereas
for those performed on the second day the fig-
ures drop to 63-87 %; and the second factor be-
ing the particular medical centre where the pa-
tient is hospitalized, as those with greater expe-
rience also treat more serious cases in which
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widespread bleeding is more common and is
therefore more easily detected using CT.

With the exception of these findings, the
current improvements in sensitivity are due
largely to the progress made in the technology
with regard to higher spatial and contrast reso-
lution; from the 55% sensitivity of first genera-
tion equipment, we have now reached numbers
approaching 100% sensitivity for modern day
CT appliances (26). It should also be noted that
the reduction in the time elapsing between the
event and the moment in which the CT scan is
performed can be attributed to the greater dis-
tribution of equipment throughout the world.
Lastly, progress has been made in the interpre-
tation of subtle changes, which are usually
caused by more focal blood collections (Fig.
1.51). In stable patients, CT is suitable for de-

Fig. 1.51 - Curcumscribed SAH signalled by focal blood ex-
travasations in some of the cortical sulci (arrows).

termining not only the presence of extravasated
blood in the subarachnoid space (which con-
firms the clinical suspicion of SAH), but also
the dominant site of the haemorrhage, the di-
mensions of the cerebral ventricular chambers
on sequential scans, and the presence of early
complications, which may or may not be de-
tected during clinical examinations.

In this acute phase, and depending on the
experience and expectations of the surgical
staff, CT documentation of SAH may make it
unnecessary to perform emergency angiogra-
phy; this is especially true when early surgery is
not planned. However, in the case of a negative
CT scan and a clinical picture suggestive of
SAH, the definitive diagnosis relies on a diag-
nostic lumbar puncture. This happens most
commonly when CT is carried out late (ie.,
more than 12 hours from the ictus) (24, 26) or
occasionally very early, within the first few
hours (1). The former situation has already
been sufficiently discussed, while the second
circumstance is somewhat rare. Nevertheless,
when the initial CT scan is negative, a diagnos-
tic lumbar puncture is mandated in patients
that present with meningeal symptoms (e.g.,
spontaneous onset of stiff neck), when its main
function is to exclude other types of pathology
that might be responsible for the clinical signs,
such as meningitis.

In patients with poor neurological status,
CT should be the first diagnostic imaging in-
vestigation performed, considering the possible
risk of internal herniation of the cerebellar ton-
sils posed by a diagnostic lumbar puncture.
Subject to emergency angiography, many such
cases may require early surgery aimed at ad-
dressing complications such as acute hydro-
cephalus and intraparenchymal haematomas.
Such surgery can remove the viscous clots from
the basal subarachnoid cisterns and place clips
on aneurysms before vasospasm develops (34).
The ability of CT to detect such complications
in the hyperacute phase, which often prove fa-
tal, makes CT essential in order to define
whether surgery is required or whether, for ex-
ample, conservative monitoring of the intracra-
nial pressure is preferable.

At some point in the patient’s clinical
course, selective cerebral angiography is almost
always recommended in order to establish the
nature of the responsible vascular lesion (e.g.,
aneurysm, arteriovenous malformation) as well
as the dimensions, orientation and accessibility
of the intracranial vessels and the vascular ori-
gin of the anomaly, which are sometimes al-
tered by vasospasm.
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Cisternal hyperdensity related to the SAH
declines with time as a consequence of clot and
red blood cell lysis, in part in proportion to the
resorption of haemoglobin and plasma proteins
(8). Generally speaking, blood is no longer doc-
umented by CT within a week following the ic-
tus, and if hyperdensity does persist beyond this
period, it is more likely that it is due to rebleed-
ing. In the subacute phase, typically more than
three days after the bleed, and especially in
chronic cases, a rapid decline in CT sensitivity is
usually mirrored by increasing MRI sensitivity.
In certain studies, MR has proved to be 100%
accurate in cases studied 3-45 days after the
stroke (21); in particular this has been observed
in those cases where FLAIR (fluid attenuation
inversion recovery) sequences have been used,
making it the technique of choice in the suba-
cute phase of SAH.

CAUSES

As mentioned previously, most SAH’s are
caused by the rupture of aneurysms at the base
of the brain. This condition is rather frequent,
as aneurysms are found in approximately 1-2%
of all routine autopsies. Fortunately, it has also
been found that only a small number of
all aneurysms subsequently rupture (1 in 17).
Aneurysm ruptures are infrequent during child-
hood and adolescence, and reach a peak be-
tween 35 and 65 years of age. Aneurysms are
thought to form as a consequence of congenital
defects or weaknesses in arterial walls coupled
with subsequent degenerative changes associat-
ed with aging. Aneurysms statistically prevail in
certain families, and there is a considerably
higher incidence of such aneurysms in hyper-
tensive patients, those with polycystic kidney
disease or coarctation of the thoracic aorta. Ap-
proximately 90-95% of aneurysms originate in
the anterior half of the circle of Willis. The four
most common sites are the anterior communi-
cating artery (30%), the origin of the posterior
communicating artery from the internal carotid
artery (25%), the middle cerebral artery bifur-
cation/trifurcation (20%), and the bifurcation
of the supraclinoid internal carotid artery into

Fig. 1.52 - So-called «sine materia» SAH picture, with exclusive
blood localization in the perimesencephalic area (in this case
mainly towards the left side, arrows). The angiograph of the 4
vessels is completely negative, both at the time of hospitaliza-
tion and on a control performed one week later.

The patient, who was awake and in good conditions at onset,
recovered completely a few days later.

the middle and anterior cerebral arteries (10%).
Other locations are rare; the basilar artery is in-
volved only in 5% of cases. In 20% of cases,
aneurysms are multiple, and their dimensions
are variable among each other. However, bleed-
ing is more frequent in those aneurysms that are
less than 1 cm in diameter, and is most common
in those with a diameter of 3-5 mm (Fig. 1.53b).
This accounts for the rarity of their being iden-
tified using CT, at least when “standard” tech-
niques are employed. Large (i.e., diameter 1-2.5
cm) and giant (i.e., diameter 2.5 cm or larger)
aneurysms rarely present with SAH. Instead,
they often present with neurological symptoms
related to their mass effect (e.g., paralysis of the
3 cranial nerve due to an aneurysm of the pos-
terior communicating artery in the parasellar
area). Other types of aneurysms, including my-
cotic and atherosclerotic aneurysms, in turn dis-
tinguished by their morphology into fusiform,
or diffuse globular, only rupture very rarely.
The CT findings of intracranial aneurysms
are closely linked to their site and vessel origin.
As most aneurysms are small and localized in
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the base of the brain, identification in the past
was hindered by the spatial resolution of the
available CT equipment. In most cases, non-
thrombosed saccular aneurysms with thin walls
present as round or elongated masses, with
moderately high CT density, and are not calci-
fied. After IV contrast administration, enhance-
ment of their residual lumen is uniformly hy-
perdense. Smaller aneurysms are more difficult
to visualize, and this is usually only possible
when they are located within or next to the sub-
arachnoid spaces. With the advent of spiral CT
technology, so-called CT angiography has made
detection of these smaller aneurysms much eas-
ier. This technique uses three-dimensional re-
constructions of the vessels after IV administra-
tion of a contrast agent bolus and can provide
valuable information for surgical planning (22),
sometimes even more so than conventional an-
giography. In many cases, it is more effective
than conventional angiographic techniques in il-
lustrating the neck, shape and dimensions of the
aneurysm as well as its position and relationship
with surrounding structures (18).

MRI and MR angiography in particular are of-
ten even more effective in detecting aneurysms
than CT; nevertheless, a conventional selective
angiographic investigation remains compulsory
(Figs. 1.53b and 1.55b). Despite the fact that
uncontrolled use of the latter affects overall
medical costs in this condition, it is nevertheless
considered essential, especially in surgical plan-
ning (14).

We do not intend to prolong this discussion
of aneurysms beyond its application in SAH,
except to highlight the fact that in recent years
a number of studies have been performed to
analyse the use of CT and especially MRI in
screening for potential occult, asymptomatic
aneurysms, particularly when there is a family
history of aneurysms (5), and known, non-rup-
tured aneurysms (33).

Aneurysm rupture usually presents in a dra-
matic fashion and typically causes sudden, vio-
lent headaches, cardio-circulatory collapse, rela-
tive conservation of consciousness and a pauci-
ty of lateralizing signs (34). The second most fre-
quent cause of SAH after aneurysms (with the
exception of traumatic forms, which will be

Fig. 1.53 - (a) large right frontal haematoma (*) and widespread
subarachnoid bleeding mainly at the root of the Sylvian fissure
are the most striking aspects of this small aneurysm which rup-
tured in the stretch between Al and A2 (b). This is accompa-
nied by a small haematic layer in the fourth ventricle and the
perimesencephalic cisterns.

dealt with separately) is the rupture of arteri-
ovenous malformations (AVM’s), of which some
50% present with haemorrhage (both intra-
parenchymal and subarachnoid); in a small per-
centage of cases the patients have prodromic
signs such as epileptic disorders. They are most
frequent during childhood and are often direct-
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ly documented by CT, although MRI and selec-
tive angiography in particular are yet more sen-
sitive. The latter documents AVM’s in accurate
anatomical and haemodynamic detail.

Another condition that may be associated
with SAH (approx. 12%) is non-specific spon-
taneous intraparenchymal haemorrhages. Oth-
er rarer causes of SAH are blood dyscrasias, in-
traventricular neoplasia and metastases that
are cortically located (especially metastatic
melanoma) (8).

Interestingly, in a percentage of cases that
ranges from 7 to 28% according to different
published studies, SAH’s occur without any de-
finable cause. These cases have had completely
negative selective angiography, even when the
study is repeated some time after the ictus.
These cases are termed idiopathic or size mate-
ria, indicating the failure to identify the deter-
mining cause rather than the actual absence of
a pathological cause. Such forms typically pres-
ent with a specific haemorrhage distribution
pattern within the perimesencephalic cisterns,
and therefore they are often termed perimesen-
cephalic SAH’s (11, 25). In fact, unlike
aneurysm ruptures, in which CT shows blood
in the basal subarachnoid cisterns that also
spreads to the Sylvian and interhemispheric cis-
terns, these idiopathic cases (Fig. 1.52) general-
ly show a focal blood deposit in the perimesen-
cephalic cistern alone, without spreading to
contiguous subarachnoid spaces. These focal
haemorrhages are also clearly different from
the blood of ruptured aneurysms in the poste-
rior aspect of the circle of Willis, in which CT
usually documents massive bleeding into the
basal subarachnoid cisterns, and occasionally
reveals retrograde haemorrhage into the fourth
ventricle. These forms are also sometimes
termed “benign” because at onset their clinical
conditions are far less dramatic and their even-
tual clinical outcome is more favourable, in part
because these SAH’s are much less subject to
complications. Although their blood distribu-
tion is sufficiently typical, it is common practice
to follow CT with selective angiography to
study all four vessels. In order to rule out
aneurysm rupture altogether, selective angiog-
raphy must be repeated some time later (9).

With the exception of these forms of SAH,
selective angiography can be falsely negative
due to: 1) severe vascular spasm that prevents
the blood flow from reaching the aneurysm;
and 2) the presence of thrombus within the
aneurysm lumen that makes it angiographically
invisible (34).

Site

As we have already mentioned, CT does not
reliably document the presence of aneurysms.
Nevertheless, on the basis of the predominant
localization of haemorrhagic hyperdensity in
particular cisternal areas, CT is often able to
define the probable origin of the bleed, and by
inference the location of the aneurysm respon-
sible for the haemorrhage. This is possible in
up to 52% of cases; the highest accuracy rate is
obtained for the rupture of aneurysms of the
anterior cerebral and anterior communicating
arteries (sensitivity 79%, specificity 96%).

However, CT’s ability to accurately forecast
the localization of ruptured aneurysms of the
middle cerebral artery, the supraclinoid internal
carotid artery, and the posterior circulation ar-
teries is far lower (29). Although the association
of an intraparenchymal haematoma contributes
to determining the location of aneurysms, this
factor does not account for more than one-quat-
ter of all SAH’s.

Despite these limitations, we will attempt to
define the most common findings concerning
the various sites of aneurysm rupture.

1) In aneurysm ruptures of the anterior com-
munication artery, hyperdensity prevails in the
suprasellar cisterns and the anterior aspect of
the interhemispheric fissure, from where it
tends to spread to the bifrontal regions. The
callosal and cingulate gyri are often “outlined”
by blood, which is also frequently present sur-
rounding the brainstem and within the Sylvian
fissures; in some cases this haemorrhage is in
a somewhat asymmetrical distribution (Fig.
1.54b). Unilateral dominance of the blood
therefore does not exclude bleeding from the
anterior communicating artery. In the larger
haemorrhages, these findings may be accompa-
nied by satellite frontobasal or septal intracere-
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Fig. 1.54 - Validity of CT in defining the site of the bleed.

The presence of a haematoma of the septum pellucidum hollow
(*) in its typical midline position between the frontal horns
constitutes an accurate localizing element, as it is almost invari-
ably associated with the rupture of an aneurysm of the anterior
cerebral artery. In (a) the following are present: widespread
bleed inside the Sylvian fissures, the cortical sulci and the ante-
rior interhemisperic fissure and massive inundation of the ven-
tricular chambers. In (b): a blood collection in the right Sylvian
fissure, blocking of the 3™ ventricle and involvement of the
sloping part of the lateral ventricles.

bral haematomas. Haematomas localized in the
cavum septi pellucidi are more or less diagnos-
tic of such aneurysms; however, such findings
are not observed in more than 50% of cases (32).

Failure to demonstrate blood within the anteri-
or interhemispheric fissure militates against the
rupture of an anterior communicating artery
aneurysm (34). It should also be pointed out
that it is important to pay attention to distin-
guishing the normal falx cerebri from the ex-
travasated blood. The posterior or retrocallosal
falx cerebri can in fact be visualised in 88% of
normal patients, whereas the anterior extent of
the falx is only visible in 38% of cases (35).
Therefore, if interhemispheric hyperdensity
(Figs. 1.50, 1.54, 1.56) does not spread laterally
to the paramedian sulci and does not show evo-
lution in density, volume or extent on subse-
quent CT examinations, it obviously represents
a normal finding.

2) Aneurysms of the middle cerebral artery
bifurcation/trifurcation (Fig. 1.55) invariably
produce a unilateral bleed within the Sylvian fis-
sure and often in the adjacent suprasellar cistern.
Other possible findings in such cases include
temporal or insular lobe parasylvian intra-
parenchymal haematomas and rupture into the
temporal horns of the lateral ventricles (usually
only present in cases of lobar haematoma).
Whereas bleeding in the Sylvian cisterns is of-
ten caused by an aneurysm of the middle cere-
bral artery, temporal haematomas can also be
due to other causes, including bleeding from
AVM, neoplasm or more rarely hypertension
(i.e., “spontaneous” form).

3) Aneurysms of the supraclinoid internal
carotid artery and the posterior cerebral artery
may present with a range of haemorrhagic lo-
calizations including the suprasellar and in-
terpeduncular cisterns, the medial temporal
lobe, the Sylvian fissure, the anterior interhemi-
spheric fissure and the paranuclear area adja-
cent to the head of the caudate nucleus.

4) Aneurysms at the tip of the basilar artery
tend to bleed in the interpeduncular, perimes-
encephalic and suprasellar cisterns, and spread
to the peripeduncular and prepontine ciserns
and the parasylvian regions, with or without
parenchymal brainstem haematoma formation.

5) Aneurysms of the intradural segment of
the distal vertebral or posterior inferior cere-
bellar artery present with bleeding that mainly
affects the prepontine and pericerebellar cis-
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Fig. 1.55 - (a) the irregular haemorrhagic collection inside the
Sylvian fissure (*) and above all, the presence of an adjacent
comma-shaped haematoma suggest the rupture of an aneurysm
of the middle cerebral artery. The angiograph (b) confirmed the
presence of a «giant» aneurysm in this position.

terns; in these cases, obstruction of the outlets
of the 4™ ventricle may occur.

6) Aneurysms arising from the pericallosal
artery are somewhat rare, and when they

bleed tend to result in a pathognomonic
haemorrhage within the anterior pericallosal
cistern. They are also often associated with
frontal lobe and callosal intraparenchymal
haematomas.

7) In addition to the distribution of blood in
the subarachnoid spaces, a further important
and accurate topographic criterion is represent-
ed by parenchymal haematomas adjacent to the
SAH (24). We have already mentioned exam-
ples of haematomas of the cavum septi pelluci-
di (e.g., in anterior communicating artery
aneurysms), and temporal lobe and paranuclear
bleeds (e.g., in middle and posterior cerebral
artery aneurysms). So-called “comma-shaped”
haematomas of the Sylvian fissure (Fig. 1.55a)
are characteristic of middle cerebral artery
aneuryms and can usually be easily differentiat-
ed from those of the external capsule in hyper-
tensive patients presenting with spontaneous
forms.

8) Finally, it has been observed that in the
presence of parenchymal haematomas, the per-
centage of aneurysms directly visualized on CT
after bolus IV contrast administration is esti-
mated to be between 30% and 76% (32).

Size of haemorrhage vs. prognosis

CT enables an overall assessment of the
quantity of blood that has extravasated during
a SAH. This means that it is possible to utilise
CT to estimate patient prognosis at the onset
of the ictus (10). The general rule in such cas-
es is: “the more blood, the worse prognosis”;
scoring systems have been proposed for SAH
evaluation using CT aimed at linking these
scores to the patient’s clinical evolution, in-
cluding the occurrence of subsequent sequelae
such as rebleeding, vasospasm and cerebral in-
farction (13). Consideration is given to either
the widespread (Figs. 1.50, 1.54a) or focal (Fig.
1.56a) appearance of the bleeding and the size
of clots in the cisterns and fissures. These clots
can be divided into “thin” and “thick” cate-
gories based on their greatest dimension (Fig.
1.56). Generally speaking, a “thin”, focal
haemorrhage indicates a limited SAH, and is



1.4 CT USE IN SUBARACHNOID HAEMORRHAGE

57

typically accompanied by a milder onset of
symptomatology, a more favourable outcome
and a reduced probability of complications.
The widespread or locally “thick” forms of

Fig. 1.56 - CT’s role in the prognostic definition of SAH. CT
scans concerning two cases of aneurysm ruptures of the anteri-
or communicating artery. In both the haematoma of the septum
pellucidum hollow is typical. The different entity of the bleed
is clearly shown by the thickness of hyperdensity in the anteri-
or interhemispheric fissure and in the adjacent cortical sulci
(very in a thin and thick in b), by the diffusion of the bleed
(widespread in b), by the type of ventricular involvement (in a
restricted to a clot in the frontal horn, massive in b). The pa-
tient in case (a) was in discreet neurological conditions and was
subjected to surgery without subsequent complications. Patient
b was in a coma when the examination was carried out and died
a few hours later.

haemorrhage are commonly seen in patients in
more grave clinical condition and with worse
prognoses, in whom serious sequelae are likely
to occur. Despite the obvious inaccuracy of
this approach, it does tend to be relatively
valid in forecasting survival and the probabili-
ty of the development of subsequent neurolog-
ical symptoms (2).

Contrast agent use

In acute SAH, CT is usually performed
without the IV administration of contrast
agents, as this does not typically affect pa-
tient management. In fact, within the first 72
hours of the ictus it may mask the presence
of SAH due to the enhancement of the ves-
sels and even the leptomeninges surround-
ing the basal subarachmnoid cisterns, a re-
sult of the ongoing chemical meningitis re-
lated to the SAH. Gross extravasation of con-
trast material into the subarachnoid space
through a ruptured aneurysm during a CT
examination is rare, but when observed is as-
sociated with an extremely unfavourable
prognosis (16). IV contrast agent use in CT
sometimes makes it possible to visualize the
lumens of smaller aneurysms, although is it
easy to confuse the findings with loops with-
in native arteries.

Later, within one to two weeks of the ictus,
it is possible to see a subtle widespread or focal
enhancement of the basal cisterns and the re-
gional surfaces of the cortical sulci (50-60% of
cases). As noted above, this is linked to a chem-
ical meningitis in response to the SAH. This is
associated with increased vascularization and a
change in vessel permeability of the lep-
tomeninges, which favours the accumulation of
contrast material in these regions (20). This is
further associated with an increased incidence
of delayed hydrocephalus, which may be sec-
ondary to the chemical arachnoiditis (27). Fi-
nally, contrast agents can be helpful in a limited
number of cases in the subacute stage in which
the presence of enhancement of the lep-
tomeninges and basal arachnoid cisterns re-
veals a prior noxious event (i.e., SAH).
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1. CEREBROVASCULAR EMERGENCIES

COMPLICATIONS
Vasospasm, ischaemia, infarction

Cerebral ischaemia during the acute phase
represents the most frequent cause of death
and disability in SAH’s (6, 12). The incidence
of vasospasm as determined from angiography
statistics and transcranial echo-Doppler exami-
nations varies from 20 to 75%. In general, va-
sospasm usually occurs approximately 3-6 days
after the ictus and reaches a peak of severity
around day ten.

The pathogenesis of vasospasm and its se-
quelae is not completely clear and a number of
contributing factors have been considered.
These factors are primarily attributed to the
toxic or irritational actions of substances with-
in the clots or the subsequent blood break-
down products.

Vasospasm is usually diagnosed using tran-
scranial Doppler techniques to measure blood
flow velocity (2). There is usually a prognostic
correlation between the SAH characteristics on
the CT study with the subsequent development
of a significant vasospasm. If, for example, the
amount of SAH blood is minimal as determined
by CT, vasospasm only occurs in 8-10% of cas-
es. This correlation is more valid in younger pa-
tients; it is well known that vasospasm is some-
what age-dependent and oc