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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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3

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 (TIA) 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; com-
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, DWI 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 successful (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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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 (TIA) 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-

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. 1.2 - Vascular territories (ACA: anterior cerebral artery; PCA: posterior cerebral artery; ACHA: anterior choroid artery; PICA:
posterior inferior cerebellar artery; AICA: anterior inferior cerebellar artery; MCA: middle cerebral artery; SCA: superior cerebellar
artery; BA: basilar artery).



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
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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.

a

b

c

d



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-

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

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

a

b

a

b



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 3rd ventricle,
whereas a curved trapezoid shape is typical of a
distal occlusion at the beginning of the lenticu-

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.
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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.

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

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

a c

b



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. 1.10 - 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).
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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).

– 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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Fig. 1.11 - Infarcts in the posterior fossa and in particular in the
pons (a), midbrain (b) and left cerebral hemisphere (a-b).

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



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. 1.13c); 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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Fig. 1.14 - a) Thrombosis of the left middle cerebral artery (ar-
row head). b-c) CT check shortly after onset: ischaemic lesion
in the corresponding vascular territory.



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.
1.13c). 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-

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).
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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.
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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-

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

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

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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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.

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

a

b

Fig. 1.20 - Multiple infarcts in the right basal ganglia region.

a

b



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

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



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-

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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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).
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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-
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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 7th 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. 

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. 1.27 - 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.
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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,

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. 1.28 - 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.

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 3rd ventricle) and in-
traventricular inundation with fatal outcome. 
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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

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. 1.30 - 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.

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.

a

b



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-

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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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.

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.

a
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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

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-

34 I. CEREBROVASCULAR EMERGENCIES

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.



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
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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.

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).



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. 1.41c). 

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.
1.32 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.); c) 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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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.
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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.

a

b



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. 1.40 - 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.

poroencephalic
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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 cm3 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. 1.41 - 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 (c), the haematic hyperdensity is replaced
by an irregular porencephalic cavity with a star shape, which
produces discreet ectasia of the homolateral ventricle.

a
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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. 1.42 - 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. 

a

a

b
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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

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. 1.44 - 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).

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.

a

b



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 IPH’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 4th

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 4th 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. 1.46 - 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. 



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. 1.47 - 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. 

a

b



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. 1.48 - 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.
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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). 

a d

e

b

c



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 IPH
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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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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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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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.
a and 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 3rd ventricle.
Both cause a discreet early ectasia of the ventricular chambers.



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-

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



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

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
3rd 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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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 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

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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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 A1 and A2 (b). This is accompa-
nied by a small haematic layer in the fourth ventricle and the
perimesencephalic cisterns. 

a

b

*



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 sine 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-quar-
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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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. 1.54 - 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 3rd ventricle and involvement of the
sloping part of the lateral ventricles. 

a

b

*

*



terns; in these cases, obstruction of the outlets
of the 4th 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
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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.

a

b



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

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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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.

a

b



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 occurs more frequent-
ly and to a greater degree in the elderly.

The relationship of vasospasm to rebleeding
is important (34). In fact, in the case of a single
haemorrhage, cerebral infarction occurs in 22%
of cases, while infarction occurs in 41% of cases
of rebleeding (12). Vasospasm can be either fo-
cal and in proximity to an aneurysm, or diffuse. 

Clinically, significant vasospasm always causes
a neurological deterioration due to the underly-
ing cerebral ischaemia caused by the vascular nar-
rowing, which tends to be progressive although
gradual (a rapid worsening usually indicates re-
bleeding) (17). CT is obviously not able to show
vasospasm, but it does reveal the ischaemic con-
sequences upon the cerebral parenchyma, the
most serious of which is infarction.

Even though vasospasm is the most common
cause of infarcts following SAH, ischaemic al-

teration can also be secondary to compression
of vessels resulting from the mass effect of a re-
gional intraparenchymal haematoma, or less
frequently thrombic emboli originating from
vascular flow reduction (20).

In agreement with angiographic findings,
delayed ischaemic lesions occur in 22-60% of
cases of aneurysms (12). The resolution of the
vasospasm is usually accompanied by an im-
provement in the clinical condition (15). 

Hydrocephalus

Hydrocephalus may occur either in the im-
mediate period following the SAH or alterna-
tively from two weeks to six months later. Hy-
drocephalus results from alterations in normal
CSF reabsorption or from mechanical obstruc-
tion, both of which are caused by subarachnoid
space and intraventricular blood. Many SAH
patients develop acute hydrocephalus within
the first 48 hours of the initial bleed (one to two
cases out of three).

There is a certain correlation between the
quantity of blood in the ventricles and the sub-
sequent development of hydrocephalus. The
initial CT examination is therefore important in
establishing the extent of haemorrhage and the
baseline ventricular size for the purpose of
monitoring the patient in whom clinical condi-
tions are not critical and do not therefore re-
quire immediate shunt placement.

Acute hydrocephalus can be transient, if nor-
mal CSF dynamics are restored after reabsorp-
tion of the SAH. However, so long as there is
blood in the subarachnoid pathways, the forma-
tion of adhesions is a risk (i.e., basal arachnoidi-
tis) with the potential of resulting in permanent
hydrocephalus of the communicating type (8).
In many such patients a shunt may therefore be
required. Hydrocephalus and the associated
neurological deterioration can benefit by pro-
longed treatment with tranexamic acid (31). 

Rebleeding

The incidence of this complication reaches a
peak 7 to 12 days after the initial SAH and oc-
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curs in 20 - 25% of cases (34); rebleeding carries
with it a mortality rate of approximately 50%. It
is accompanied by a worsening in neurological
status. Rebleeding remains the most important
cause of a seriously worsening prognosis, even in
cases that have undergone early surgery (23).

The most important diagnostic criterion of
rebleeding is an obvious sequential increase in
density of the subarachnoid spaces on CT that
follows an initial gradual reduction in the initial
haemorrhagic hyperdensity during the first few
days after the ictus. It is also important to con-
sider persistent hyperdensity apparent on a CT
examination performed more than seven days
after the ictus as a probable expression of re-
bleeding.

Intraparenchymal haematoma (IPH)

IPH occurring adjacent to a ruptured
aneurysm is identified on CT in 15% (29) to
27% (8) of cases of SAH. These figures are
probably slightly overestimated as they only in-
clude the most seriously ill patients, in whom
complications are most frequently encoun-
tered. IPH’s are almost always accompanied by
a rapidly progressive deterioration in clinical
status (34). The appearance of IPH in these
cases is much the same as with other forms of
clinical stroke, irrespective of the SAH.

Intraventricular haemorrhage (IVH)

IVH can be observed in association with any
ruptured aneurysm, although the distribution
of intraventricular blood seldom indicates the
origin of the haemorrhage. However, ruptured
aneurysms of the AICA (anterior communicat-
ing artery) can rupture into the 3rd ventricle and
the area of the intraventricular foramen of
Monro; and aneurysms of the PICA (posterior
inferior cerebellar artery), vertebral artery and
basilar trunk often cause reflux of blood into
the 3rd and the 4th ventricles, without reaching
the lateral ventricles.

Blood in the cerebral ventricles is almost
always accompanied by dilation, accounting

for the most frequent cause of hydrocephalus
in patients with SAH. It has been observed
that the dimensions of the ventricular cham-
bers correlate with clinical outcome more ac-
curately than the dimensions of the blood
clots they contain. Generally speaking, the
more dilated are the ventricles, the worse is
the clinical status and the greater is the need
for a ventricular shunt (some experts hold
that this can cause greater risk of aneurysm
rebleeding) (34).

Subdural haematoma (SDH)

SDH’s in association with SAH are most
commonly caused by ruptures of circle of Willis
and middle cerebral artery bifurcation/trifurca-
tion aneurysms. The CT characteristics of these
SDH’s are not dissimilar to traumatic forms.
They are always accompanied by progressive
neurological deterioration and usually require
surgical drainage.

A progressive worsening of neurological
conditions in patients with SAH can be caused
by a number of extracerebral causes, such as in-
fections, pulmonary embolism, gastric haemor-
rhage and myocardial infarcts. In such cases,
CT is obviously negative with regard to SDH.

POSTSURGICAL FOLLOW-UP

After surgical aneurysm clipping, the CT ac-
curacy for focal SAH or aneurysm recurrence
diminishes due to the imaging artefacts created
by the metal clips (Fig. 1.57). Nevertheless, CT
remains the imaging technique of choice in cas-
es of worsening of post-surgical condition or
when there is a delay in the normally expected
timeframe of recovery. CT is particularly suit-
able for the demonstration or sequential fol-
low-up of infarcted areas caused by post-surgi-
cal vasospasm. Vasospasm can also be indirect-
ly presumed from CT in emergent forms where
frank cerebral infarction is not evident, espe-
cially if the other more frequent postsurgical
complications such as hydrocephalus and re-
bleeding are excluded (34).
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CONCLUSIONS

CT has had dramatic effects upon the pri-
mary diagnosis and management of SAH pa-
tients. The rapidity with which it is performed
and its overall accuracy make it the imaging
technique of choice in all patients with suspect-
ed SAH. It is preferable that the CT examina-
tion be performed at an early stage as it has
been shown that those having CT studies per-
formed later ultimately have the more severe
prognoses (7).

Immediately after the stroke, CT provides
information on the extent and distribution 
of bleeding, as well as signs of possible early
complications such as hydrocephalus, intra-
parenchymal haemorrhage, and presence of de-
veloping ischaemic areas. The appearance of
some of these complications, in particular in-
tracerebral haematomas with mass effect and
acute hydrocephalus, is of practical importance
as they usually require immediate neurosurgical
treatment.

CT findings correlate well with patient sta-
tus as the imaging observations are usually

more striking in those patients with disorders
of consciousness or other severe neurological
alterations. The role of CT in long-term recov-
ery prognosis is not yet clear (3). However, its
ability of early diagnosis undeniably improves
overall clinical outcomes.

CT can also demonstrate SAH in patients in
whom SAH is not clinically suspected, and pos-
itive findings can also exclude the need to per-
form diagnostic lumbar punctures; the latter
are usually only performed in patients whose
symptoms suggest SAH but in whom CT is
negative (24, 26). With regard to other medical
imaging techniques, we have already men-
tioned that MRI has a limited role to play in the
acute and hyperacute phases of SAH; MRI is
more suitable than CT in subacute phases, in-
dicating that the two imaging techniques play a
complementary roles from a temporal point of
view. MRI also plays a role in aneurysm, and
particularly AVM, evaluation when combined
with MR angiography.

CT has had a considerable effect on the use
of selective cerebral angiography in the diagno-
sis and follow-up of patients with SAH.
Surgery can be postponed after the emergent
phase, especially in gravely ill patients, until
clinical conditions have stabilized. In turn, CT
can direct both angiography and surgery to-
wards the more likely area of aneurysm rupture
(28). All of these reasons make CT not only the
most suitable, but also the most rapidly accessi-
ble imaging examination to be performed in
patients with acute clinical stroke. 
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INTRODUCTION

Magnetic Resonance Imaging (MRI) has
brought about substantial changes in the diag-
nostic algorithms formulated in almost all as-
pects of Central Nervous System (CNS) pathol-
ogy. This has occurred in part secondary to
MRI’s greater sensitivity to changes in the water
content of the tissue examined, and therefore, in
demonstrating all categories of CNS pathology.

However, in the particular case of ischaemic
cerebral vascular disease, MRI initially had a
more limited impact, due mainly to the large
preceding experience gained in the treatment
of this type of pathology using CT, and there-
fore the resulting clinical reliance on the CT
semeiology (3, 4). This situation has recently
undergone profound changes, both with re-
gard to the technical progress made in MRI as
well as to the newer treatments that are being
introduced, in particular thrombolysis (2, 5, 7,
12-15).

The diagnostic questions a clinician poses
with regard to the patient with ischaemic cere-
brovascular disease are mainly concerned with
the site, extent and time of the ictus, the clini-
cal severity of the ischaemic lesion, the poten-
tial reversibility of the damage and the presence
or absence of reperfusion. Because it is now

universally recognized that early surgery can
potentially improve or even reverse otherwise
serious events such as cerebral ischemia, the ne-
cessity to respond in the very first minutes and
hours following the onset of the neurological
deficit has become all the more pressing (1, 6,
8-11, 16).

The responses to such important considera-
tions often surpass the capabilities of tradition-
al neuroradiological imaging techniques to aid
in this emergent situation; in the past, CT and
MRI only very rarely provided direct diagnostic
information during the first six hours from an
ischaemic cerebral event. This is predictable
given that even from a pathoanatomical point
of view “… identification of an ischaemic lesion
on human or animal brains cannot be detected
by macroscopic examinations less than 24-72
hours from the event” (Davis, 1997).

It therefore follows that, in order to obtain
useful diagnostic neuroimaging information in
the hyperacute phase, other aspects of ischaemic
disease including morphological, macroscopic,
submacroscopic, and pathophysiological param-
eters must be explored.

The rational use of MRI in a way that en-
hances its intrinsic potential, as well as taking
advantages of recent progress in acquisition
techniques (e.g., perfusion, diffusion and spec-
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troscopy) have begun to provide answers to the
clinical questions posed during the hyperacute
phase of cerebral ischaemia. The goal of this
chapter is to explore the chronology of the
pathophysiological events of acute/hyperacute
cerebral ischaemia and consider how these al-
terations can be investigated using the newer
advancements of MRI. 

SEMEIOTICS

Arterial occlusion

Generally speaking, the principal cause of
cerebral ischaemia is vessel occlusion, in the
form of an embolus or a thrombus. It there-
fore follows that the simplest manner of
demonstrating the cause of hyperacute cere-
bral ischaemia non-invasively is MR angiogra-
phy to examine the cerebral blood vessels in
search of the partially or completely occluded
vessel. However, in practice this theoretical
observation can be limited by a number of fac-
tors:
– the acquisition time required to perform an

MR angiographic examination is not com-
patible with the clinical condition of many
patients in the hyperacute phase of cere-
brovascular ischaemia, who are often agitat-
ed or otherwise uncooperative;

– the poor anatomical definition of the 2nd and
3rd order vascular branches of the cerebral
arteries, especially in cases of complete or
near complete occlusion;

– the age-related alterations in vascular arbo-
ration of the cerebral vasculature in elderly
patients results in generalized flow reduc-
tion, which can erroneously point to pathol-
ogy, especially in the presence of flow asym-
metries between one hemisphere and the
opposite side;

– the presence of clinically silent past vessel
stenoses/occlusions.
In short, MR angiography in the hyperacute

phase of cerebral ischaemia is a reliable diagnos-
tic technique in young, cooperative patients, a
conclusion that is somewhat out of line with the
typical profile of the patient presenting with

cerebral ischaemia. Although rare in younger
age groups, the advantage of MR angiography in
the young lies in the fact that it is this category of
patient that potentially has the most to gain from
prompt, correct diagnosis of vascular events.

Reduction of cerebral perfusion

If prolonged beyond a somewhat unpre-
dictable time period, the reduction in regional
cerebral perfusion secondary to arterial steno-
sis/occlusion leads to the establishment of an
ischaemic or frankly infarcted area. This reduc-
tion in flow can be studied using MR perfusion. 

Generally speaking, there are two main
strategies for studying cerebral blood flow: the
use of diffusible tracers and the use of strictly
intravascular tracers. The use of diffusible trac-
ers represents the traditional strategy for study-
ing cerebral perfusion, beginning with Kety’s
nitrous oxide method, through CT with xenon-
133 inhalation, and to PET (positron emission
tomography) with H2

15O. Although deuterium,
fluorine-19 and H2

17O can be used as diffusible
tracers in studying brain flow and oxygen con-
sumption with MRI, at present these isotopes
are still confined to animal experimentation. In
particular, although H2

17O would appear to be
very promising, these latter techniques are un-
likely to be clinically feasible due to their high
cost and to the limited availability of the vari-
ous isotopes.

Perhaps the most clinically feasible possibil-
ities might include the use of endogenous dif-
fusible tracers such as “arterial” water, whose
spins could be marked by the inversion of the
MR radiofrequency pulses; if perfected, this
technique would have the advantages of being
inexpensive, physiological and non-invasive.

The use of endogenous or exogenous vascu-
lar tracers is currently the most widely em-
ployed human brain perfusion study technique.
In commonly used experimental models em-
ploying this kind of tracer, blood flow is a func-
tion of the volume of blood in a tissue and the
mean transit time of an ideal instantaneous bo-
lus of the tracer substance passing through the
tissue.
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MR perfusion images can be obtained either
using a bolus of exogenous contrast agent or
using methods dependent on the phase con-
trast of blood flow. 

Currently the most common method used
employs paramagnetic exogenous contrast
agents, in particular gadolinium, which exploits
their effects on relaxation times and magnetic
susceptibility.

The reduction in T1 relaxation times gained
by the IV injection of a gadolinium agent over
time is obviously proportionate to the concen-
tration of the contrast agent used, and therefore
provides information on tissue perfusion. For
example, MR sequences that use inversion pre-
pulses (e.g., FLASH, TURBOFLASH) that
permit the acquisition of T1-weighted images
in less than one second, make it possible to
show the hyperaemic areas to be relatively hy-
perintense as compared to normal brain, while
ischaemic areas appear relatively hypointense.

With regard to techniques that exploit the
magnetic susceptibility of gadolinium, it should
be remembered that magnetic susceptibility re-
sults in part in the distortion of the applied
magnetic field by the presence of a paramag-
netic substance (e.g., gadolinium); this causes
artefacts in the MR image, especially if acquired
using the pulse sequences referred to above.
Such techniques are therefore based on the ex-
ploitation of this artefact obtained using long
TE sequences, thus obtaining T2*-weighted
images. If a series of these pictures are acquired
during the injection of a bolus of a paramag-
netic contrast agent, it will be possible to eval-
uate variations in the local blood volume over
time. The intravascular passage of a high con-
centration of the contrast agent through the
brain distorts the local magnetic field, thus
causing a dephasing of spins in the brain tissue
adjacent to the blood vessels and consequen-
tially the artefactual loss of signal due to the ef-
fects of magnetic susceptibility and a reduction
in T2* relaxation time. This reduction can be
measured, and using a complex formula, T2*
variation can be correlated to blood volume.
Having acquired a series of images that give the
mean transit time, we can also obtain a blood
volume transit time ratio that corresponds to

the cerebral blood flow in traditional vascular
tracer models. 

The study of animal models and human pa-
tients with hyperacute cerebral ischaemia using
this technique has demonstrated its validity in
illustrating regional hypoperfusion distal to a
proximal cerebrovascular occlusion within a
few minutes after the vascular blockage. This
technique also has the advantage that it can be
performed using clinical MRI units fitted to en-
able the acquisition of serial T2*-weighted im-
ages in the brief timeframes referred to above.
From this point of view, it is most useful to have
access to an MR unit having the capability of
ultra-fast echo planar imaging (EPI) acquisi-
tions, which has the advantage of greater tem-
poral definition (i.e., capability of a greater
number of images acquired per unit of time)
and therefore allows a more accurate discrimi-
nation of the relative delay in passage of the
contrast media through the ischemic tissue as
well as a greater relative degree of sensitivity to
magnetic susceptibility artefacts.

Alteration of the Na+-K+ ion pump

An alteration of the Na+-K+ ion pump oc-
curs within 30 minutes of the cerebrovascular
occlusion secondary to the consumption and
consequent reduction of ATP, which is no
longer produced due to the anoxia that blocks
the aerobic glycolysis chain. Approximately
three minutes after the vascular occlusion, the
Na+-K+ ion pump dysfunction and the resulting
electrolytic alteration it causes, there is an un-
controlled entry of water into the cell, and
therefore the establishment of cytotoxic oede-
ma. This intracellular oedema affects various
compartments and components of brain tissue
(e.g., astrocytes, dendrites, endothelial cells,
pericytes, oligodendrocytes); these alterations
can be studied using the MR diffusion tech-
nique, that demonstrates the “macroscopic”
molecular movement of the water. The under-
lying principle of diffusion-sensitive MR pulse
sequences is the addition of a pair of diffusion
sensitising pulses to a sequence of otherwise
standard imaging pulses that dephases the
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spins proceeding along the applied diffusion
gradient. Due to the signal attenuation caused
by the resulting loss of phase coherence, nor-
mal diffusion causes a tissue signal loss on im-
ages dependent on this parameter. Conversely,
tissue areas in which diffusion is reduced (e.g.,
ischaemia, cytotoxic oedema) appear relatively
hyperintense. In vivo diffusion can be quanti-
fied using the apparent diffusion coefficient
(ADC), which is a function of two parameters:
the difference in signal between two differently
calibrated diffusion images and a constant
known as the “diffusion weighted factor”; in
this manner, diffusion weighted images meas-
ure variations in the ADC. 

Hyperacute ischaemic lesions can appear as
areas of reduced diffusion as early as three min-
utes after occurrence of the embolus/throm-
bus. It is assumed that the reduction of diffu-
sion in the ischaemic area is connected to the
cytotoxic oedema, resulting in part from the al-
teration of the ion pump, as there is a move-
ment of water from the vast extracellular com-
partment to the more restricted intracellular
compartment. The extent of the area detected
at an early stage using diffusion weighted im-
ages generally has an excellent correspondence
with the actual ischaemic lesion.

Clinically speaking, the largest drawback of
MR diffusion imaging techniques is that image
quality and sensitivity to variations in the ADC
are considerably affected by even the slightest
patient movement during the examination,
thus restricting its use in acute phase patients
who are unable to cooperate fully. Therefore
EPI and the possibility it offers of ultrafast ac-
quisitions, is expected to improve the clinical
applicability of diffusion weighted imaging.

Lactic acid accumulation

Within ten minutes of cerebrovascular oc-
clusion, intracellular pH drops from approxi-
matey 7.1 to 6.64 due to an increase in lac-
tates secondary to the metabolic shift during
hypoxia towards anaerobic glycolysis. This
lactic acid increase can multiply fivefold with-
in a very few minutes and contributes to tis-

sue necrosis due to the resulting increase in
cellular swelling and the alteration to the
blood-brain barrier that it causes; therefore,
in cases of ischaemia, hyperglycaemia must be
avoided at all costs, as it will only cause an in-
crease in the lactic acid concentration. This
metabolic factor can be evaluated using MR
spectroscopy; this MRI technique studies the
biochemical aspects of brain tissue, not as ab-
solute concentrations of metabolites, but
rather as relative concentrations given by the
size of the spectroscopic peak corresponding
to various molecular species. Proton MR
spectroscopy is currently the most widely
used technique; this method enables the
study of relative concentrations of N-acetyl-
aspartate, choline, creatinine and lactate (the
lactate peak is almost absent in the normal
spectrum). In hyperacute infarcts it is there-
fore theoretically possible to identify the is-
chaemic area by the appearance of a notice-
able lactate peak in the MR spectrum, which
precedes the subsequent drop in N-acetyl-as-
partate, a neuron population reduction mark-
er. The main limits to the clinical application
of MR spectroscopy are the lengthy acquisi-
tion times and the fact that in the area of in-
terest selected the technique requires a voxel
size that is generally too large to avoid partial
volume effects (i.e., contamination of the
sample by relatively normal tissue surround-
ing the tissue of interest).

Cerebral microcirculation damage

Experiments have shown that within a few
minutes after occlusion of the middle cere-
bral artery, a reduction in flow occurs with
the stacking up or stasis of red blood cells in
the cerebral microvessels (arterioles, capillar-
ies, venules) and the microcirculation of the
nucleus of the ischaemic lesion. This causes a
swelling of endothelial cells and perivascular
astrocytes and an adhesion between the sur-
face receptors of PMN leucocytes and the
corresponding ligands of endothelial cells
which brings about a further deterioration of the
microcirculation. The mechanical stenosis is
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Fig. 1.58 - Acute phase ischaemia (30 hours) in the territory of the left middle cerebral artery in a 20 year-old patient without appar-
ent risk factors. Axial T1- (a) a,d PD- (b) dependent scans. AP (c) and axial (d) projections TOF MRA reconstructions. In T1, signal
hypointensity in the grey matter of the caudate and left lenticular nuclei, with mass effect on the frontal horn of the homolateral ven-
tricle; signal alteration, as hyperintensity, is clearer in the PD-dependent images. The MRA examination shows a clear reduction in
calibre of the left internal carotid artery, from the origin to the siphon, with visualization of  the sole M1 tract of the middle cerebral
artery, which appears filiform. 
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accompanied by a necrotizing effect upon the
endothelial cells and the neurons due to the
liberation of free radicals. The importance of

leukocyte adhesion is shown by the fact that,
by administering monoclonal antibodies that
prevent leukocyte adhesion, a reduction in
the stenosis of the microcircle is obtained,
while with administration of interleukin 2 (a
leukocyte activator), the clinical status wors-
ens due to an increase in nerve cell damage. 

Microcirculation alteration and the conse-
quent congestion and stasis of the local circula-
tion and the pial vessels in hyperacute is-
chaemia can be studied with MR by the acqui-
sition of T1-dependent images after injection of
gadolinium contrast medium. Pathological en-
hancement of small and medium sized vessels
that “mark” the affected area, accompanied by
adjacent pial congestion, have been observed
within six hours of onset of the ischaemic
event. This enhancement is not in any way con-
nected to the extravascular tissue enhancement
later observed secondary to blood-brain barrier
injury, and is exclusively confined to the vascu-
lar compartment.

Oedema

Based on pathoanatomical findings and on
micro- and macroscopic clinical, rather than
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Fig. 1.60 - Acute phase ischaemia (20 hours) in the anterior superficial territory of the left middle cerebral artery. Axial PD-depend-
ent scans: increase in signal of the cortex with increase in volume of the gyri. The white matter is spared.

Fig. 1.59 - Acute phase ischaemia in the territory of the perforat-
ing arteries. Axial PD-dependent scan. Note the loss of the bound-
aries of the anatomical structures affected (lenticular nucleus, cau-
date nucleus, claustrum, internal, external and extreme capsule.



experimental, features, the development of an
types of oedema over time can be broken down
as follows:
– 2 hours from vascular occlusion it is possible

to observe cytotoxic oedema that com-
mences within a few minutes of the vascular
occlusive event;

– 12 hours after the event, cytotoxic oedema
can be identified histologically on stained
macrosections as a paleness of the affected
area; it appears earlier and more obviously in
the caudate-putaminal complex than in the
cortex;

– after 72-96 hours, the vasogenic oedema re-
sults in mass effect;

– in the absence of complications, there is pro-
gressive resolution of oedema and mass ef-
fect from the 4th day.
It is therefore the cytotoxic oedema that,

within 12 hours and occasionally as early as
6 hours from the event, causes the appear-
ance of altered signal areas due to T1- and
T2-lengthening (i.e., hypointensity on T1-
weighted images, hyperintensity on PD- and
T2-weighted images), localized in the cau-

date-putamen complex (Figs. 1.58, 1.59) in
ischaemia affecting the perisylvian region. In
the subsequent hours, it is still the cytotox-
ic oedema that appears in much the same
fashion in the overlying cortex (Figs. 1.60,
1.61, 1.62).

If studied accurately, CT can also document
this pathophysiological situation within the first
12 hours of ictus, seen as disappearance of the
normal caudate and putamen hyperdensity as
their tissue margins blend into the surrounding
white matter. This sign, which indicates vascu-
lar occlusion in the territory, is somewhat diffi-
cult to perceive (especially if it is not compared
with the contralateral putamen), but it is im-
portant and has a verified role in early diagno-
sis as well as in predicting ad unfavourable out-
come.

With these CT and MRI signs explained, we
will now move from theoretical and experi-
mental neuroradiology to clinical neuroradiolo-
gy, after concluding that the principal draw-
back of medical imaging is the large individual
variability in appearance times of the findings
(from 4 to 12 hours from onset of ictus), a fact
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Fig. 1.61 - Acute phase (36 hours) left parietal ischaemia associated with contralateral ischaemia in stabilization phase. Coronal T1-
(a) and T2-dependent (b) scans. The recent ischaemia appears as a hypodense cortical area in T1, with an increase in volume of the
gyrus circumvolution. The finding is less clear in T2, where the difference in signal between acute focus and resolution phase is how-
ever evident. 
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that does not always make them suitable for the
practical diagnostic evaluation of the patient
presenting with clinical evidence of hyperacute
cerebral ischaemia. 

POSSIBLE USES OF CLINICAL MR 
IN THE DIAGNOSIS OF EMERGENCY
ISCHAEMIA AFTER 
THE HYPERACUTE PHASE

MRI’s greater sensitivity over that of other
imaging modalities is useful in identifying
parenchymal lesions caused by transient is-
chaemic attacks (TIA’s), where MRI’s sensitivi-
ty is greater than 70%, compared to approxi-
mately 40% for CT.

The clinical course of cerebral infarction
can include sudden alteration in the classic
progression. Clinical and pathological studies
show that such shifts are principally due to
the haemorrhagic conversion of the primary
ischaemic lesion in the time period between
the 2nd and 3rd week; this haemorrhagic inci-
dence can be as high as 80% in infarcts
caused by cerebrovascualr embolism. For
many years CT contradicted, at least with re-
gard to frequency, the existence of this haem-
orrhagic phenomenon. However, since the ad-
vent of MRI, evidence of haemorrhagic con-
version of cerebral infarction is more fre-
quently observed (Fig. 1.63) in MR examina-
tions performed between the 10th and 20th

days of the ischaemic ictus; this is especially
true in cases arising from embolism or those
infarcts located in the vascular territory of the
posterior cerebral artery. Such areas were not
previously visualized on CT images for a num-
ber of reasons, including technical factors,
such as partial volume averaging effects and
limitations concerning mean attenuation coef-
ficients, and biological factors, such as the rel-
atively rapid evolution of blood products in
ischaemic areas. Therefore, in cases of cere-
bral ischaemia having sudden alterations of
clinical status that could be a result of haem-
orrhagic conversion, the examination of
choice is MR rather than CT.
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Fig. 1.62 - Acute phase ischaemia in the left anterior cerebral
artery territory. Axial PD-dependent scan: note the increase in
signal with obliteration of the adjacent cortical sulci. 

Fig. 1.63 - Hyperintense, haematic rim in T1, in an acute phase
ischaemic lesion: note the spiral shape.
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INTRODUCTION

The performance and capabilities of magnet-
ic resonance imaging (MRI) equipment have re-
cently been greatly improved by innovations to
both the hardware (e.g., magnets, gradients and
coils) and software (e.g., image acquisition se-
quences and data processing). These enhance-
ments have made MRI more powerful and ver-
satile than previously. This progress has trans-
lated into beneficial reductions in the overall ex-
amination times with regard to static imaging
studies that are essential for primary diagnosis,
and also the practical implementation of func-
tional imaging, offering the promise of an in-
crease the diagnostic power of MRI in terms of
both sensitivity and specificity. These functional
studies are increasingly being used together
with conventional MR to obtain a more com-
plete pathophysiological and prognostic picture
of the CNS pathology in question. In addition,
these MR techniques provide information on
the movement of water molecules caused by
thermal agitation (i.e., diffusion), microvascular
haemodynamics (i.e., perfusion) and cerebral
metabolism (i.e., spectroscopy). 

In cases of cerebrovascular disease, these
types of examinations permit very early and ac-
curate diagnosis, and are capble of indicating

the optimal treatment programme to be adopt-
ed (9). In addition to detecting irreversibly
damaged tissue, they also point out areas at risk
of infarction that could benefit from further
treatment. In the particular case of hyperacute
cerebral ischaemia, in which conventional T2-
weighted MRI can be negative or ambiguous
(1), diffusion weighted imaging is nearly always
positive, clearly revealing the areas of infarc-
tion. Surrounding the ischaemic core, most
cerebral infarctions also include a peripheral
zone that is ischaemic but uninfarcted, the so-
called ischaemic penumbra, which could po-
tentially progress to frank infarction; this
penumbra can be distinguished using perfusion
MRI and/or spectroscopy. 

The information obtained using such tech-
niques can be expressed with qualitative data in
the form of variations in MR signal intensity, or
with quantitative data, thus making it possible
to interpret the results in a somewhat unbiased
manner, irrespective of the reader.

DIFFUSION MRI

Diffusion MRI (DWI) examinations have
found a concrete application in clinical prac-
tice. DWI studies the diffusion potential of
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water, or rather the proclivity of water mole-
cules to undergo random microscopic move-
ment, driven in part by the thermal energy
generated by the body. According to the vari-
ations in this physiological motion, the molec-
ular motion of water in different tissues can be
characterized in just a few seconds by means
of DWI. 

Technique

DWI uses spin echo sequences acquired ide-
ally using the echoplanar technique, to which
diffusion weighting is layered, thus making the
resulting image sensitive to the movement of
water. This characteristic is made possible by
the use of two powerful bipolar diffusion gra-
dients applied symmetrically to the 180° ra-
diofrequency pulse. The application of these
gradients causes the dephasing and subsequent
rephasing of the protons in water, which varies
according to the diffusion potential of the wa-
ter molecules in different regions of the brain,
which in turn translates into variations in MRI
signal intensity. The water molecules that dif-
fuse freely during or after the application of 
the dephasing gradients are not completely
brought back into phase by the rephasing gra-
dient, which does not happen for normal tis-
sues. Following the 180° pulse, the protons that
diffuse more slowly will be in a different phase
than those that diffuse more quickly and will
therefore have a different signal than the latter.
Therefore, relatively high diffusion areas (such
as normal brain) will show comparably lower
signal than will slow diffusion areas (such as hy-
peracute infarction), which are characterized
by a relatively higher signal. It is for this reason
that DWI provides the key clinical information
required in stroke cases: what tissue is under-
going hyperacute infarction.

Gradients of different strength can also be
used to obtain a quantitative analysis of varia-
tions in water diffusion potential. The parame-
ter used to quantify the in vivo results of DWI
is the apparent diffusion coefficient (ADC),
which can also be expressed in the form of a
map in which high diffusion areas are relative-

ly hyperintense and low diffusion areas are rel-
atively hypointense. However, the fact that
ADC maps require complex and timely post-
processing and because they are less well spa-
tially defined than is DWI, makes them non-
essential in the emergent examination of clini-
cal stroke cases. 

Applications

DWI is principally used to assess hyperacute
ischaemic cerebral lesions (11, 14). In this hy-
peracute phase, there is a reduction in blood
supply to the cerebral tissues, which makes the
oxygen that is essential for cerebral metabolism
unavailable; this in turn causes a reduction in
adenosine triphosphate (ATP), damage to the
sodium-potassium ion pump that in part main-
tains cellular homeostasis, a flow of Na+, Ca++
and Cl- ions from the extracellular to the intra-
cellular space and a passive influx of water mol-
ecules from the extracellular compartment to
the intracellular space (i.e., cytotoxic oedema).
This restricts the diffusion capabilities of water
molecules in the intracellular space, revealing
the pathological tissue as an area of hyperinten-
sity on DWI in comparison to normal brain
(Fig. 1.64). Underlying these semeiotics, and
within minutes after the onset of the clinical
stroke, there is a sudden drop in ADC values
which decrease over time by 30-60%; these
changes occur at a time when conventional
MRI is still negative. These ADC values tend to
normalize within 5-10 days after onset of the
stroke in part due to the appearance of vaso-
genic oedema. During the hyperacute phase,
the ischaemic focus is characterized by a core of
tissue having markedly reduced ADC values,
surrounded by a layer of brain in which this re-
duction is less severe. Subsequent further re-
duction in the ADC values within the peripher-
al area would indicate irreversible impairment
of the tissue in the ischaemic penumbra with an
enlargement of the final extent of the infarc-
tion. The evaluation of the changes in ADC val-
ues over time is therefore important with re-
gard to forecasting the evolution and ultimate
volume of the infarct (11). 
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Quantitative and qualitative diffusion stud-
ies are both highly sensitive as well as specific
for infarction. The earlier the examination is
performed and the longer the duration of the
syntomatology, the greater is this degree of sen-
sitivity and specificity (within the first 6 hours
following the acute event). 

Negative diffusion studies do not necessarily
exclude the diagnosis of cerebral ischaemia
(Fig. 1.65) (12). An alteration in DWI diffusion

signal is not universal to all patients with typi-
cal strokes, and in certain cases patients with
clinical symptoms compatible with TIA’s com-
pletely recover (10); in other cases, the DWI
examination may be performed before the is-
chaemia has developed into a frank infarct; and
in others, the site of the ischaemic lesion (e.g.,
in the posterior fossa) or the small dimensions
of the infarct focus may lead to non-visualiza-
tion. In reality, however, the spatial definition
of DWI is usually sufficient to allow documen-
tation of lesions only measuring a few millime-
tres (Fig. 1.66). 

DWI also makes it possible to determine the
age of mixed duration ischaemic lesions, and
therefore declare which lesion(s) is responsible
for the current signs and symptoms. When two
or more cerebral lesions present are hyperin-
tense on conventional T2-weighted MRI, it is
possible to distinguish chronic lesions (i.e.,
isointense on DWI) from recent ones (i.e., hy-
perintense on DWI) (Figs. 1.67, 1.68).

The hyperintense pathological area on DWI
can remain stable in its dimensions and ulti-
mately undergo necrosis; it can shrink or disap-
pear completely, depending on the duration of
the occlusion or on the response to treatment;
or it can increase due to repeated episodes of is-
chaemia (13).

In addition to serially monitoring an infarct’s
temporal and spatial evolution, DWI proves al-
so useful in monitoring the effects and response
of treatment. In cases where patient conditions
allow repeated examinations, tailored throm-
bolytic and/or neuroprotective treatment pro-
grammes can be individually devised for each
patient. However, the beneficial effects of this
kind of management can be reduced by the oc-
currence of haemorrhagic complications, which
therefore calls for more critical patient analysis
using a combination of diffusion and perfusion
imaging (2, 3).

PERFUSION MRI

Perfusion MR, a potentially valuable element
in the assessment of acute cerebral ischaemia,
studies microvascular haemodynamics. 
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Fig. 1.64 - Hyperacute ischaemia in the supply territory of the
left middle cerebral artery. Diffusion weighted MR images
show (a) the pathological hyperintensity of the ischaemic area;
CT (b) findings were negative.

a
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Technique

There are a number of ways in which to per-
form studies of brain perfusion (4). The most
commonly used methods involve the intra-
venous administration of gadolinium, a para-
magnetic contrast medium, and the utilization
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Fig. 1.65 - Acute ischaemia of the right middle cerebral artery
territory. At clinical onset, the conventional (T2-weighted FSE
sequence) (a) and diffusion (b) MR findings were negative. CT
(c), performed 3 days later, showed a vast cortical-subcortical
hypodensity with associated mass effect.

Fig. 1.66 - Lacunar ischaemia (millimetric dimensions) of the
right lower cerebellar peduncle.
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of ultrafast sequences (e.g., echoplanar se-
quences), which are able to simultaneously ac-
quire a number of sections having a temporal

resolution of approximately one second. As an
alternative to this MRI technique, certain inves-
tigators employ selective radiofrequency (RF)
pulses for labelling arterial spins (phase la-
belling) (5). 

Alternatives to MRI exist for analysis of
cerebral perfusion. One example is SPECT
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Fig. 1.67 - Previous multiple lacunar infarcts in the periventric-
ular, bi-hemispheric white matter. The lesions appear hyperin-
tense in the EPI-FLAIR sequence (a), whilst the weighted dif-
fusion images (b) are isointense.

a

b

Fig. 1.68 - Hyperacute ischaemia of the left middle cerebral ar-
tery territory visible only in the weighted diffusion MR images
(a) and not in CT (b) or EPI-FLAIR sequence (c) in which it is
possible to see a chronic paraventricular vascular sufferance
sustained with hypodensity and hyperintesity, respectively. 

a

b



(single photon emission computerized tomog-
raphy); however, perfusion MR by comparison
is more sensitive and specific and has the added
advantage of greater spatial definition. It can al-
so be performed at the same time as conven-
tional MR examinations, with consequential re-
ductions in cost and time.

In the same manner as diffusion imaging,
the results obtained with MR perfusion can be
both qualitative and quantitative. Qualitative
evaluation uses variations or asymmetries of
signal intensity viewed using cine-loop display.
In normal conditions of cerebral perfusion, the
gadolinium passage through the cerebral capil-
lary bed causes a drop in T2 signal intensity,
not only in the vessels but also in the perfused
brain itself. If, however, the perfusion of a spe-
cific region of the brain is impaired, there will
be a delay or an attenuation of the loss of sig-
nal intensity that varies in relation to the de-
gree of reduction in the blood flow. In certain
cases qualitative evaluations alone are insuffi-
cient for an accurate study of perfusion, and
for this reason quantitative data, especially that

using signal/time curves, can be used. The de-
gree of signal reduction in such curves is di-
rectly proportional to the tissue concentration
of the contrast agent, which is in turn propor-
tional to the regional cerebral blood flow
(rCBF), as well as to the regional cerebral
blood volume (rCBV). This makes it possible to
obtain regional cerebral perfusion maps from
the data gained from the perfusion MR. Fur-
ther analysis of the concentration/time curve
provides information from which to calculate
additional parameters of perfusion such as the
mean transit time (MTT), the time required to
pass through the tissue and the peak time (PT),
or the time required to reach peak perfusion.

Applications

Within the field of cerebrovascular disease,
the most important applications of perfusion
MR are related to cerebral ischaemia; however,
its usefulness is not in the hyperacute phase as
with diffusion, but rather in the hours that fol-
low. Principally, perfusion is valuable for the as-
sessment of the ischaemic penumbra, or the is-
chaemic area surrounding the core of the in-
farction. The perfusion of this penumbra and
neuronal vitality within this tissue depend on
the severity of the regional ischaemia and the
collateral circulation.

In the presence of hyperacute cerebral is-
chaemia caused by the occlusion of a given ves-
sel, the rCBV map will show a reduction in the
MR signal intensity in the ischaemic area.
Moreover, by using comparative region of in-
terest (ROI) calculations in the contralateral
homologous areas of the cerebrum, it is possi-
ble to observe the delay in or reduction of sig-
nal loss, and therefore the differential in the
peak time. It is possible in this way to distin-
guish the areas destined to infarction from the
areas of the ischaemic penumbra. The penum-
bra is the target of fibrinolytic treatment, with-
in the area of hypoperfusion and therefore fore-
casts the final infarct territory. In fact, by ex-
amining the time/intensity curve, one can see
three different curves reflecting a decrease in
signal intensity that is variable in relation to the
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cerebral perfusion of the ischaemic core (no de-
crease in signal intensity due to an absence of
perfusion), of the area of ischaemic penumbra
(reduction in signal intensity due to reduced
perfusion), of the surrounding intact parenchy-
ma (normal decrease in signal intensity caused
by normal perfusion) (Fig. 1.69) (6).

The distribution of the perfusion deficit
therefore permits the identification of poten-
tially reversible ischaemic brain tissue, the se-
lection of patients for various treatment proto-
cols and the formulation of an early prognostic
evaluation.

Diffusion/perfusion MR

The combined use of diffusion/perfusion
MR can be more informative than the results
obtained using a single examination alone, es-
pecially with regard to predicting the evolution
of the cerebral infarction and clinical outcome.
For these reasons, the two studies together may
be more helpful in determining important
treatment decisions (3, 16). It is possible to
identify at least six different imaging patterns
using diffusion and perfusion MR in combina-
tion (2):

1) Visualized ischaemic area is greater in
perfusion than in diffusion. This is the most
common situation (approx. 55-77% of cases),
especially when the imaging examination is per-
formed within 6 hours from the onset of the is-
chaemic event. In this case, the hyperacute
phase shows the lesions of both the rCBV and
the ADC to be relatively minor, but still posi-
tive, despite the negative CT and MR findings.
However, in DWI the area of reduced ADC is
generally smaller than the area demonstrated
on the rCBV in the perfusion study, which in-
cludes both the area of frank infarction as well
as the penumbra area. From a prognostic point
of view, the early lesions visualized on the per-
fusion MR examination represent the maxi-
mum potential dimension of infarction and in-
dicate the worst probable clinical outcome in
the absence of further vascular occlusions or
disruption of collateral circulation. Generally
speaking, in DWI the size of the infarction

tends to grow over time, but with regard to per-
fusion MR, the volume of ischemic tissue tends
to shrink.

2) Visualized ischaemic area in perfusion
MR is the same as the ischaemic region demon-
strated in DWI.

3) Visualized ischaemic area in perfusion is
less than in DWI. In this case reperfusion prob-
ably occurs in the interim between the start of
irreversible tissue damage and the MR exami-
nation. The interim appearance of collateral
circulation or the enlargment of the ischaemic
area beyond the initial perfusion deficit may al-
so be considered as causes of this imaging pic-
ture.

4) Presence of a DWI deficit without a per-
fusion abnormality.

5) Presence of a perfusion deficit without a
DWI abnormality (associated with a transient
neurological deficit).

6) Absence of a visualized lesion in both
DWI and perfusion MR, despite a positive clin-
ical picture. 

The observation of an early deficit in perfu-
sion MR that is greater than the volume of the
abnormality seen in diffusion (patterns 1 and
5) indicates the presence of tissue “at risk” in
the ischaemic penumbra, which can therefore
potentially be saved by forms of reperfusion
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Fig. 1.69 - Perfusion study of an acute ischaemia. The intensi-
ty/time graph shows 3 different curves indicating a drop in sig-
nal intensity that varies with the entity of the cerebral perfusion
of the ischaemic core (absence of drop in signal intensity due to
the absence of perfusion), of the ischaemic penumbra area (re-
duction of the drop in signal intensity due to reduced perfu-
sion), of the intact surrounding parenchyma (normal reduction
in signal intensity due to normal perfusion).



treatment. When the perfusion deficits on
MRI are absent or smaller than those in diffu-
sion (patterns 2, 3, and 4), treatment involving
neuroprotective drugs is felt to be more suit-
able.

MR SPECTROSCOPY

MR spectroscopy is a real time non-invasive
study of some of the biochemical elements in-
volved in cerebral metabolism.

Technique

The technique of spectroscopy is based on
the physical principle of the so-called “chemi-
cal shift” that reflects the variation in frequen-
cy of resonance of the nuclei of different mole-
cules; this variation is influenced by the mag-
netic field that is generated by the cloud of
electrons that surrounds these nuclei, as well as
by the electrons of nearby atoms. Therefore,
the same atom can exhibit different degrees of
chemical shift depending on the environment
in which it finds itself, and on the basis of this
it is possible to identify the molecule containing
the atom in question.

We usually speak of proton spectroscopy, be-
cause the nucleus typically chosen to study, and
for which to calibrate the MR unit, is the hy-
drogen proton. This choice is in part made be-
cause the hydrogen proton is particularly plen-
tiful in organic structures. 

Proton spectroscopy provides metabolic in-
formation concerning molecules having a low
molecular weight that are present in relatively
high concentrations (0.1-1 mM); these include
N-acetyl-aspartate (NAA), choline (Cho), crea-
tine (Cr), phosphocreatine (PCr), myoinositol
(mI), lactate (Lac), lipids (Lip), glutamine and
glutamate (Glx). The concentration of these
metabolites is detected in the form of spectra in
which each peak in a given position (expressed
in parts per million: ppm) represents a particu-
lar metabolite.

Normally in adults, NAA has the highest
peak among the expected metabolites, where it

is localized to about 2 ppm. This metabolite is
only found in the central nervous system, and
in particular is detected in neurons and, to a
lesser extent, in certain glial precursor cells.
For this reason it is considered a neuronal
marker. Its presence is more or less equal in the
white and grey matter, so that it is also consid-
ered an axonal marker.

NAA concentration is depressed or non-
detectable in certain types of brain pathology.
Cho, with a peak of approximately 3.2 ppm,
contains composites containing choline prin-
cipally represented by membrane lipids; it is
therefore considered a membrane marker. It is
seen to increase in diseases characterized by
an elevation in cellular turnover, an increase in
the number of cells or by membrane dam-
age/degeneration. Cr and PCr can be ob-
served with a single peak at 3.02 ppm. These
metabolites are derived from the high energy
phosphate pool involved in metabolism. Being
a stable peak, it can be used as a control value
even in the presence of pathology. MI, which
is a specific marker for glial cells, is localized
at 3.3-3.6 ppm.

When present, Lac has an unusual “dou-
blet” peak at 1.32 ppm. When present, it indi-
cates the production of energy in conditions of
insufficient oxygen supply. An example of
when this situation can occur is when incom-
plete vascular occlusion results in the activation
of the enzymatic pathway that leads to anaero-
bic glycolysis. It can also accumulate due to the
infiltration of microphages that contain lactate,
or because the production of lactate is trapped
by the ongoing pathological process and is not
removed from the tissue under study. 

Lipids, which can be observed in necrotic
processes, produce peaks of 0.8, 1.2, 1.5 ppm.
Glx is represented by peaks at 2.1, 2.5 and at
3.6-3.8 ppm and includes the signal from the
neurotransmitters glutamate and glutamine.

These metabolites can be studied using two
localization techniques: 1) the single volume
technique, with which it is possible to acquire
spectra from specific regions of the brain, and
2) the spectroscopic imaging technique, with
which one can simultaneously obtain spectra
from tissue volumes acquired from one or
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more imaging sections in order to obtain the
spatial distribution of the metabolites under
examination.

Applications

Spectroscopy can be used for the early de-
tection and better characterization of ischaemic
lesions, for monitoring the effects of treatment,
and most importantly, for distinguishing the in-
farct focus from the area of surrounding is-
chaemic penumbra (6, 15). The area of cellular
necrosis is characterized by a depression of
NAA (50% within the first 6 hours), whereas
the ischaemic penumbra is characterized by the
presence of an increase in the peak of lactic
acid in the absence of significant NAA alter-
ations (Fig. 1.70).

A serious NAA depression and a marked in-
crease in lactate in the acute phase have proved
to be prognostic indexes of more marked is-
chemic lesion (7, 8).

CONCLUSIONS

The various functional MR examination
techniques (diffusion, perfusion, spectroscopy)
are essential to the meaningful, productive
therapeutic management of acute stroke pa-
tients.

The goal of fibrinolytic treatment is to safe-
guard the ischaemic tissue that has suffered re-
versible damage so that it can be properly
reperfused, together with the prevention of
reperfusion of irreversibly damaged, non-vital
tissue. This requires diagnostic techniques ca-
pable of distinguishing vital ischaemic tissue
from that which is frankly infarcted, where
there is a risk of damage from reperfusion re-
sulting in haemorrhagic complications. 

Diffusion MR examinations are able to pro-
vide immediate and simple demonstration of
hyperacute cerebral ischaemia, before the ap-
pearance of signal changes in MRI and/or den-
sity changes in CT; however, it is not able to dis-
tinguish between ischaemic penumbra, which
could therefore benefit from recanalization

treatment, and irreversibly ischaemically dam-
aged tissue. 

MR spectroscopy and, in particular, spec-
troscopic imaging can be of use in this sense,
however it requires relatively long examina-
tion times. Perfusion MR studies provide di-
rect information on the status of cerebral
parenchyma perfusion (depending on the ade-
quacy of collateral circulation) and on tissue
vitality and reversibility that is required for a
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Fig. 1.70 - Spectroscopic study (a) of subacute ischaemia with
morphological MRI (T2-W FSE). The drastic reduction of
NAA concentration is evident.
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suitable selection of patients for thrombolytic
treatment.

It therefore follows that a multimodal solu-
tion is required to solve the problem of acute
cerebral ischaemia and to appropriately guide
treatment choices. The key to interpreting
acute phase ischaemia is to combine different
MR and spectroscopic acquisition sequences.
Diffusion/perfusion integration in particular
enables accurate mapping, more precise grad-
ing and more efficient treatment planning of
cases of cerebral ischaemia. These studies also
have the advantage of being generally rapid to
perform in association with basic MR examina-
tions.
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INTRODUCTION

Intracranial haemorrhages account for ap-
proximately 20% of all cerebral ictuses related
to vascular disease, with a higher prevalence of
intraaxial localizations (15%) as compared to
those principally within the subarachnoid
space (5%) (1, 6, 9). Although MRI is highly
specific with regard to haemorrhagic lesions,
CT remains the examination of choice, espe-
cially in emergencies, in part due to the diffi-
culty in managing acutely ill patients within the
MR scanning unit. 

Any physician who acquired an MRI unit in
its early stages of clinical application will re-
member the sense of confusion experienced
with the first acute intracerebral haematoma
patient, as initially diagnosed on MRI. In such
cases, the lesion MR signal was “ambiguous”,
nearly devoid of the specific characterizations
seen on CT in patients with haemorrage. In the
early stages haemorrhage could appear quite
similar to an ischaemic ictus, being differentiat-
ed when possible by the differing topography
and morphology.

This impact conditioned the attitude of neu-
roradiologists against the use of MRI in acute
haemorrhagic pathology for some years, and
this instinctive wariness has only partly been re-

conditioned by a clear working knowledge of
the evolution of the MR signal of parenchymal
haemorrhagic collections (13, 15-18).

In this chapter, we will analyse the informa-
tion that can be deduced from intracranial
haemorrhages using MRI, making a distinction
between intraaxial and subarachnoid forms
due to the difference in the anatomopathologi-
cal and biochemical environment in which the
phenomena that influence the haemorrhagic
MRI signal occur.

SEMEIOTICS

Intraaxial haemorrhage

Intraaxial cerebral haemorrhages are serious
clinical events characterized by a variable alter-
ation in the state of consciousness, an often se-
vere neurological deficit and by the possible as-
sociation with meningeal signs. Alongside this
more common presentation, there are more se-
rious clinical forms such as sudden decerebra-
tion as well as milder forms with relatively mi-
nor effects on the state of consciousness and a
less serious clinical deficit. 

The most frequent cause of intraaxial haem-
orrhage, which accounts for more than 50% of
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cases, is systemic hypertension associated with
intracranial atherosclerotic vessel alterations.
Other causes, in order of frequency, are the
rupture of vascular malformations, coagulation
disorders, intratumoral haemorrhages (espe-
cially neoplastic metastases and malignant
gliomas), trauma and postsurgical/iatrogenic
causes.

Evolution-based semeiology

Neuroradiological semeiology based on the
time elapsed since the onset of the intraaxial
bleeding is complex (2, 7, 8, 14, 19): with re-
gard to CT, the observations are linked above
all to the macroscopic and sub-macroscopic
anatomopathological alterations of the haemor-
rhagic focus, while with MR the imaging find-
ings of haemorrhage must be integrated with
varying biochemical factors.

The various steps that take the haematic col-
lection from the hyperacute phase, with a
prevalence of oxyhaemoglobin, to the outcome
and reparation phase, in which the final break-
down components such as haemosiderin pre-
vail, and the consequent variations in the MR
signal are now well understood and catego-
rized. It should be remembered that it was pre-
cisely the need to explain the dynamic behav-
iour of the MR signal of the haematoma that
prompted the reconsideration, proper correla-
tion and accurate categorization of the stages of
haemoglobin metabolism outside the vascular
bed. It goes without saying that the state of the
haemoglobin within the haemorrhagic focus is
of little importance from a diagnostic and ther-
apeutic point of view, but it nevertheless pro-
vides a very real stimulus for the neuroradiolo-
gist to understand clearly this physiological
process in order to properly interpret the im-
ages.

The temporal evolution of the MR charac-
teristics of blood is caused both by alterations
of the erythrocytes as well as the haemoglobin
present under several differing conditions. As
far as the red blood cells are concerned, mem-
brane integrity, guaranteed under normal con-
ditions by the ATPase/Na-K units dependent

on the membrane and powered by glycolytic
energy, is of great importance. Haemoglobin al-
terations are influenced by various factors, in-
cluding: pH, conditions of osmolarity, temper-
ature, partial oxgen pressure (pO2) and the
metabolic microenvironment along with the
concentration of the oxidizable sublayers. Both
oxygenated and deoxygenated haemoglobin
circulate inside red blood cells; in such forms of
haemoglobin, the heme contains bivalent iron.
If the iron group is oxidized to form trivalent
iron, the molecule (metahaemoglobin) loses its
ability to bond oxygen; for this reason, through
the pentoso-phosphate pathway, a considerable
percentage (10%) of the red blood cell’s cata-
bolic energy is used to form reducing agents
(NADPH and reduced glutathione) capable of
preventing or correcting haemoglobin oxida-
tion. The same reducing agents also perform
the important role of controlling the peroxida-
tion of the membrane lipids that would other-
wise increase the osmotic fragility of the ery-
throcytes. The remaining 90% of the glycidic
catabolism of red blood cells follows the gly-
colytic pathway, which produces the ATP used
to fuel the Na-K dependent ATPase structures.
The proper functioning of these membrane
pumps is indispensable for the maintenance of
erythrocyte osmolarity and thus the normal bi-
concave cellular shape. A sufficient glucose
supply is therefore required for several purpos-
es: to maintain cellular osmolarity, to keep the
haemoglobin properly reduced and to avoid
the peroxidation of membrane lipids.

In the light of this, it is easier to interpret the
blood’s relaxation parameter alterations using
MRI. In the hyperacute phase, in other words
in the first 12 hours from onset, intraparenchy-
mal haemorrhagic foci are composed of intact
red blood cells with high oxygen saturation and
therefore containing oxyhaemoglobin. In the
absence of paramagnetic molecules or struc-
tures, the MR relaxation times are longer than
those of the surrounding tissue due to the local
alteration in free water content and protein
concentration. The resulting oxyhaemoglobin-
dominant haemorrhagic lesion on MRI (Fig.
1.71) is complex but includes: relative (as com-
pared to normal brain tissue) minor hypoisoin-
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tensity on the T1-weighted images, minor hy-
perintensity on PD-weighted images, and mi-
nor hyperintensity on the T2-weighted images
(in truth, the relative intensity differentials as
compared to normal brain are quite small in all
routine MR acquisition sequences).

In the oxygen-dependent acute phase (12
hours - 2 days), the pO2 within the extravasat-
ed blood starts to drop fairly quickly, and con-
sequently there is a reduction in the haemoglo-

bin’s oxygen saturation, with the eventual for-
mation of deoxyhaemoglobin. Deoxyhaemo-
globin, characterized by high magnetic suscep-
tibility and enclosed in the finite intracellular
space of the erythrocyte, causes non-homo-
geneity of the local magnetic field, thus result-
ing in a loss of phase coherence of the resident
protons. This translates into a preferential field
strength -dependent enhancement of T2 relax-
ation. Although deoxyhaemoglobin is para-
magnetic, it does not influence T1 relaxation
because its heme groups are contained in apo-
lar pockets that prevent contact with water pro-
tons. The presence of deoxyhaemoglobin in the
haemorrhagic lesion translates into (Figs. 1.72,
1.73): relative hypo-isointensity on T1-weight-
ed images, iso-hypointensity on PD-weighted
images and rather marked hypointensity on T2-
weighted images.

The subacute, glucose-dependent phase (2-
14 days) is characterized by two events that oc-
cur in parallel but slightly out of phase with one
another, partly sharing the same pathogenic
mechanisms: the formation of metahaemoglo-
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Fig. 1.71 - Hyperacute phase right intracerebral sub-Sylvian
haemorrhage (12 hours). Coronal T1-dependent scan (a) and
axial T2-dependent scan (b). The lesion presents as hy-
pointense in T1 and non-homogeneously hyperintense in T2,
where the notably hyperintense oedema halo in formation is al-
so visible. 

Fig. 1.72 - Acute phase intracerebral haemorrhage (38 hours
from onset) in a left thalamo-capsular location. Axial PD (a)
and T2 scans: the lesion presents as non-homogeneously hy-
pointense with a vast oedematous halo.

a

b



bin (methaemoglobin: 2-7 days) and erythro-
cyte lysis (7-14 days).

Methaemoglobinization presupposes the ex-
haustion of the oxide-reducing homeostasis of
the erythrocyte systems due to a regional re-
duction in glucose concentration, the blockage
of the catabolitic pentose-phosphate pathway
and the progressive reduction of NADPH and
reduced glutathione. In addition to an ex-
tremely reduced concentration of glucose,
haemoglobin oxidation to methaemoglobin is
also conditioned by a given pO2 of about 20
mm Hg.

The pathogenesis of red blood cell lysis in-
cludes: the exhaustion of erythrocyte ATP re-
serves with the stoppage of the Na-K depend-
ent membrane pumps and the osmotic swelling
of the erythrocytes, the peroxidation of mem-
brane lipids and the catabolization of the mem-
brane phospholipids by tissue phospholipases.

Being intensely paramagnetic, methaemoglo-
bin causes a reduction in T1 relaxation due to
the dipole-dipole interaction between the exter-
nal shell electrons of the methaemoglobin and
water protons. The influence of methaemoglo-
bin on T2 relaxation is identical to that de-
scribed for deoxyhaemoglobin. Once erythro-
cyte lysis has taken place, a loss of T2 relaxation
enhancement occurs, as methaemoglobin as-
sumes a homogeneous distribution, which
translates into hyperintensity of the MR signal
on T2-weighted images. At the same time, the
intensity on T1-weighted images increases due
to the greater T1 relaxation effects of the free
methaemoglobin as compared to intracellular
methaemoglobin.

To summarize, in the first week of this
phase (intact membrane methaemoglobiniza-
tion), the MR signal characteristics of the in-
tracellular methaemoglobin dominance within
the haemorrhagic lesion can be classified as
follows: relative hyperintensity on T1-weight-
ed images, hyperintensity on PD-weighted im-
ages and hypointensity on T2-weighted im-
ages. In contrast to this, once erythrocyte lysis
has taken place, the extracellular methaemo-
globin dominance within the haemorrhage
demonstrates: relative hyperintensity on T1-
weighted images, hyperintensity on PD-de-
pendent images and hyperintensity on T2-
weighted images.

For purposes of completeness, we will now
describe MR signal alterations in chronic-phase
intraparenchymal haematomas (more than two
weeks), although, strictly speaking, this goes
slightly beyond the temporal limits of this dis-
cussion. The chronic phase of haematoma evo-
lution is characterized by the phagocytosis 
of erythrocyte lysis products by microphages
around periphery of the haemorrhagic collec-
tion. Within the macrophages heme iron accu-
mulates primarily within lysosome vacuoles in
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Fig. 1.73 - Acute phase intracerebral haemorrhage in left tem-
poral location: coronal T1- (a) and T2-dependent (b) scans:
note the marked hypointensity of the lesion and the perilesion-
al oedema.
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the form of haemosiderin. The presence of
haemosiderin causes increased T2 relaxation
and therefore hypointensity on T2-weighted
images within the peripheral rim of the haem-
orrhagic lesion that persists indefinitely. In 

the meantime, methaemoglobin within the
haemorrhagic collection continues to cause
MR signal hyperintensity on the T1- and T2-
weighted images. Subsequently, as months
pass, methaemoglobin breaks down into de-
rivatives that do not have T1 relaxation effects
(Figs. 1.74, 1.75).

Bleeding cause-based semeiology

In addition to the diagnosis of the presence
of an intraaxial haemorrhage, MRI can also
sometimes provide information that indicates
the underlying cause of the bleeding. Apart
from arterial hypertension, and excluding trau-
ma, intracerebral bleeding typically is caused
by vascular malformations or richly vascular-
ized intracerebral neoplasias. In such cases the
site, morphology, structure and number of
blood collections can vary. Therefore, using this
information together with the clinical picture,
the neuroradiologist is able to suggest the like-
ly cause(s) of bleeding. 
a) Site

The localization of intraaxial haematomas is
represented, in order, by:
– Nucleo-capsular haemorrhages (between

the basal ganglia nuclei and the internal cap-
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Fig. 1.75 - Sagittal PD-dependent MRI scan: note the thin hy-
pointense rim that surrounds the lesion, due to the presence of
haemosiderin.

Fig. 1.74 - Left parietal haemorrhage in chronic phase (28
days). Axial CT scan after contrast agent (a): hypodense le-
sion with thin hyperdense rim. Axial PD-dependent MR
scan: the lesion shows the characteristic hyperintense haema-
tic signal.

a

b



sule: 50%). Nucleo-capsular haematomas
can be subdivided into capsulo-lenticular
(between the internal capsule and the lentic-
ular nucleus [globus pallidus plus puta-
men]), capsulo-thalamic (between the inter-
nal capsule and the thalamus) and capsulo-
caudate (between the internal capsule and
the caudate nucleus) haematomas. In most
cases the haematomas in this position are
considered spontaneous, and are linked to
arterial hypertension both as a cause of the
induced chronic vascular alterations as well
as the triggering cause of the acute haemor-
rhage. Acute hypertensive crises can also
lead to haemorrhages at these locations.
Small capsulo-caudate haematomas are an
exception, as the rupture of small periven-
tricular arteriovenous malformations more
often causes them than does hypertension.

– Lobar haemorrhages (35%). These haem-
orrhages are rarely spontaneous. Temporal
and occipital lobe haematomas are usually
secondary to arteriovenous malformations
or haemorrhagic infarcts, mainly due to ve-
nous ischaemia. Frontal haematomas are
generally caused by ruptures of aneurysms
associated with the anterior communicat-
ing artery or anterior cerebral artery. All
lobar haemorrhages can have a neoplastic
origin.

– Infratentorial haemorrhages (10%). These
haemorrhages can be subdivided into brain-
stem and cerebellar bleeds. The former are
frequently caused by vascular malformation
ruptures, most commonly cavernous an-
giomas; the latter are more typically associ-
ated with tumoural bleeding or, less fre-
quently, with aneurysm ruptures.

– Intraventricular haemorrhages (5%). Isolat-
ed intraventricular haemorrhages devoid of
signs of intraaxial haematoma formation are
rare. They are generally secondary to the
rupture of small paraventricular or choroid
plexus arteriovenous malformations.

b) Morphology and structure
Intraaxial haematomas can be round or oval,

with well-defined margins, or alternatively ir-
regular with dendritic margins or even with
completely irregular boundaries having a some-

what map-like appearance. Haematoma mor-
phology can be linked to either a vascular mal-
formation/aneurysm or a spontaneous aetiolo-
gy, however, haematomas with irregular mar-
gins are more commonly encountered in pa-
tients with blood dyscrasias. 

The appearance of the haemorrhage can be
homogeneous or heterogeneous, occasionally
manifesting a horizontal fluid-fluid level in
haemorrhages due to variations in the makeup
of the blood clot. 
c) Number

Intraaxial blood collections tend to be single
in number. The finding of multiple haemor-
rhagic foci, usually in a superficial lobar posi-
tion (excluding those of traumatic origin),
point in the direction of a diagnosis of a blood
disorder (including iatrogenic anticoagula-
tion), multiple haemorrhagic neoplastic metas-
tases (including melanoma) or dural venous si-
nus thrombosis with venous infarcts/haemor-
rhages.

Semeiotics based on technical MR parameters

MR tissue contrast in the presence of blood
depends to a great extent on the parameters of
the image acquisition sequence used. In gradi-
ent-recalled echo (GRE) sequences, the sensi-
tivity to paramagnetic constituents is very
high. However, this sensitivity requires atten-
tion to magnetic susceceptibility “border”
artefacts at the interface of the petrous bones
and the paranasal sinuses with the brain
parenchyma.

Fast Spin-echo (FSE) sequences differ from
conventional SE sequences in that they use a
train of 180° radiofrequency pulses, which gen-
erate a set of echoes that are individually coded
in the space of a single TR. The implications in
brain examinations are that the effects of mag-
netic susceptibility dephasing are removed and
the effects of diffusion-induced signal loss are
reduced. T2-dependent FSE sequences there-
fore have a lower sensitivity to magnetically sus-
ceptible blood products than do the correspon-
ding conventional spin echo images. The use of
supplementary GRE sequences or T2-weighted
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conventional spin echo imaging sequences is
recommended in cases where clinical history
suggests possible cranial haemorrhage. Echo-
planar Imaging (EPI) sequences are becoming
increasingly suitable for routine clinical appli-
cations. They are very sensitive to magnetic sus-
ceptibility in both conventional spin echo and
GRE sequences.

Closing comments

The importance of understanding the MR
signal characteristics of intraaxial haematomas
within the framework of the evolutional phase
of the individual blood collections should be
underlined: this knowledge is in part intended
to provide a means of interpreting MR images in
patients with an acute clinical ictus (stroke) who
have been inadvertently sent to MRI instead of
CT. The greater diagnostic contribution of MRI
in patients with intracranial haemorrhage is in
the subacute and chronic phases. We refer here
to those cases in which the initial clinical and
CT findings are ambiguous, thus creating prob-
lems of differential diagnosis. In such instances
the performance of an MR examination that
shows the MR signal characteristics specific for
the various evolving blood products dispels di-
agnostic doubts.

One piece of additional information that can
be gleaned from MRI as compared to CT is the
ability of the former to link many “non-sponta-
neous” haemorrhages with the underlying
pathological condition responsible for the
bleed. The better relative sensitivity of MRI in
diagnosing vascular malformations (Fig. 1.76),
even in the presence of a haematoma, is well
known. However, it is less well understood
that, in order to be visible when haemorrhage is
present, the vascular malformation must be of a
rather considerable size. In the presence of
acute or subacute haematomas, small vascular
malformations are easily overlooked on routine
MR images, in part due to the distortion caused
by the magnetic field; this applies for both con-
ventional MR as well for MR angiography ex-
aminations (Fig. 1.77). And, although MR an-
giography is an important contribution to pa-

tient treatment planning, it should be comple-
mented with a conventional angiographic ex-
amination in the pretreatment phase of patient
analysis.

Subarachnoid haemorrhage

Haemorrhage into the subarachnoid space
(subarachnoid haemorrhage: SAH) has a sud-
den clinical onset with headache, nausea, vom-
iting, varying degress of disturbance of con-
sciousness, widespread cutaneous hyperaesthe-
sia and severe meningeal signs. Clinical varia-
tions can range from more subtle forms where
the meningeal syndrome alone is present, to
mixed cerebromeningeal forms associated with
clinical symptomatology of the neurological
deficit type to more serious forms characterized
by coma.

The most frequent cause of SAH is aneurysm
rupture, followed, in order of frequency by the
rupture of brainstem or cerebral arteriovenous
malformations, trauma, blood clotting disorders
and, lastly, acute haemorrhagic necrosis of the
pituitary gland (5).
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Fig. 1.76 - Right temporal-occipital haemorrhage in subacute
phase with arteriovenous malformation. Coronal PD-depend-
ent scan: the haemorrhagic lesion is very clear, as is the malfor-
mation nidus with its characteristic signal void.



Semeiology and variations based on time

MR semeiology of SAH is made all the more
complex by the continuous alterations being
undergone by the blood with relationship to
the biological parameters of the subarachnoid
space (pH, pO2, glucose concentration). The

variation of these parameters follows different
rules that are less easily codified than those that
characterize intraparenchymal blood collec-
tions (3, 4). For this reason, MRI generally
finds little place in the evaluation of acute
phase SAH, given CT’s greater sensitivity and
rapidity, and its ease of access 24 hours a day.
The interpretation of MR images in patients
with non-traumatic SAH is doubtlessly more
straightforward in the subacute and chronic
phases, and its contribution grows with the
passing of time since the “acute” moment of
the bleed as the diagnostic efficiency of CT
dwindles. In reality however, even during the
acute phase a well-planned and executed MR
examination can also allow a demonstration of
the characteristic signs of SAH.

Variations in the relaxation parameters that
distinguish the evolutional phases of haemor-
rhagic collections are linked to the structural
and functional variations of erythrocytes and
the consequent conditions of haemoglobin oxi-
dation and oxygenation. 

In the subarachnoid space, erythrocyte and
haemoglobin alterations follow different dy-
namics than those observed in intraparenchy-
mal haemorrhages, in part due to the different
biochemical-metabolic microenvironment. This
makes it somewhat difficult to pinpoint the tem-
poral limits of the phases of evolution of SAH.

In the hyperacute phase, there is no length-
ening of proton density relaxation times in
comparison to the surrounding CSF, but rather
a slight shortening of T1 relaxation times due
to the increase in protein content; this subtle
change is often not detected due to the long re-
laxation times of the CSF, which mask the the-
oretical effects of the fresh blood, and conse-
quently the T1-weighted MR images are usual-
ly interpreted as being negative. 

In the acute phase it is difficult to perceive
the reduction of T2 relaxation times character-
istic to parenchymal blood collections, given
that the CSF environment is an open system in
which the focal variations of pO2 are slowed
(relatively higher levels of pO2 are maintained
as compared to the cerebral parenchyma).
And, as noted in the preceding paragraph, it is
difficult to evaluate small variations in relax-
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Fig. 1.77 - Small left frontal intraparenchymal haemorrhage.
Sagittal T1-dependent scan (a) TOF MRA (b). The image con-
cerning the haematoma is obvious on the MRA reconstruction:
this would prevent the visualization of any small arteriovenous
malformation present.
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ation times in the environment of the CSF, and
as a result the T2-weighted MRI tends to be
negative.

During the acute phase it is sometimes
possible to find some linear hyperintensity on
T1-weighted images in an intrafissural loca-
tion. Such observations, which indicate SAH,
are interpreted to be clotting of the ex-
travasated blood within the subarachnoid
space. Contact with the CSF is a sufficient
stimulus to cause clotting of the blood pres-
ent in the subarachnoid spaces. If we then
add the fact that the retraction of the clot
causes dramatic variations in red blood cell
concentration and fibrin structure, we can
then explain how it is possible even in an
acute phase to visualize SAH in some in-
stances. Clotting is therefore the key to visu-
alizing blood in the early phases of SAH when
using conventional MR sequences. The limit
of this semeiological element lies in the tem-
poral, quantitative and topographic variabili-
ty of clotting processes, the percentage of
blood in the CSF, the functionality of the clot-
ting mechanisms, the site of the bleed and the
biochemical composition of the CSF microen-
vironment.

In the subacute phase, a reduction in T1 re-
laxation (hyperintensity on T2-weighted im-
ages) caused by the presence of methaemoglo-
bin is clearly visible. In the subarachnoid space,
the reduction in glucose concentration, re-
quired for methaemoglobinization and erythro-
cyte lysis, also takes place at a slower pace than
that observed in parenchymal blood collec-
tions. This phase represents the period in
which MRI reaches its peak sensitivity for
SAH; this is made all the more important if we
consider that in this period, the CT density of
the extravasated blood tends to decrease, thus
consonantly reducing the sensitivity of this
technique.

In recent years, we have started to exam-
ine SAH with MRI using FLAIR (fluid-at-
tenuated inversion recovery) sequences (10,
11). FLAIR images are obtained using an in-
version recovery (IR) sequence that has long
TI (time to inversion) and TE (time to echo).
These sequences suppress the CSF signal, and

they produce images that are very heavily T2-
weighted. This makes FLAIR particularly
useful in identifying lesions on the surface of
the hemispheres (and overlying subarachnoid
spaces), within the basal subarachnoid cis-
terns, around the brainstem and at the grey-
white matter junction. On the basis of these
characteristics it is usually possible to detect
SAH. SAH presents as high signal areas on
FLAIR images and any associated intraven-
tricular haemorrhage is also clearly visible.
FLAIR is also useful in detecting acute SAH
in the posterior fossa, which is difficult to
study using CT due to the presence of scat-
ter artefacts. FLAIR images have been shown
to visualize SAH up to 45 days beyond the
acute episode. 

In the same manner as that mentioned in the
preceding section on intraparenchymal collec-
tions, MRI can play an important role in the
early recognition of the vascular pathology re-
sponsible for the SAH.

Closing comments

Given the numerous variables linked to
MRI, CT remains the examination of choice
in acute phase SAH diagnosis (12). However,
in the subacute and chronic phases, the de-
creasing sensitivity of CT corresponds with
increasing sensitivity of MRI for haemoglobin
breakdown products; in particular, chronic
leptomeningeal haemosiderin deposits can be
recognized even years after bleeding (superfi-
cial siderosis). 

And, MRI can play an important role in the
early recognition of the vascular pathology re-
sponsible for the bleed. The continuous
progress made in MR angiography has recently
led to a greater diagnostic reliability. In certain
cases, MR angiographic examinations are cur-
rently being proposed as the only presurgical
vascular evaluation in aneurysms responsible
for SAH. However, more experience and fur-
ther technical progress in MRI are required be-
fore it becomes a routine procedure in order to
prove the validity and efficacy of the method in
this area of diagnosis. 
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INTRODUCTION

Some 80% of all cerebrovascular accidents
are caused by cerebral ischaemia and the re-
maining 20% by cerebral haemorrhage (3).
Most cases of ischaemia are brought on by
thromboembolic complications within the
large extracranial supraaortic vessels (only 20%
are caused by cardiac embolism), and 90% of
them affect the internal carotid, middle cere-
bral or vertebral arteries (with a ratio of 10:5:2).

Consequential neurological deficits can be
complete with possibilities of death, partial
with permanent disability (25%) or transitory.
In this last case, the risk of a second ischaemic
episode is very high, however the probability of
death or disability can be considerably reduced
by antiaggregation treatment.

In ischaemic cerebrovascular events, ultra-
sound is highly sensitive and specific with re-
gard to both pathogenetic mechanism and
site, findings that can be easily documented
using this method. In contrast to cerebral
haemorrhage, where ultrasound is not diag-
nostic, it is fundamental to patients with tran-
sient neurological deficit in determining the
strategy of primary and secondary prevention
of subsequent ischaemic cerebrovascular acci-
dents (2, 4, 6, 8).

PATHOPHYSIOLOGY

Vascular brain function impairment pres-
ents clinically with a wide spectrum of signs
and symptoms and is usually characterized by
a relatively close correlation between the
clinical observations and the ultrasound find-
ings of the extracranial carotid vascular sys-
tem.

Symptomatology of cerebral insufficiency
can be divided into four stages:
– Stage I: stenosis or compensated occlusion;

the patient is asymptomatic.
– Stage II: stenosis or not completely compen-

sated occlusion; the patient is symptomatic
with a transient cerebrovascular insufficien-
cy (TIA, RIND).

– Stage III: multiple stenoses or total progres-
sive occlusion; the patient is symptomatic
with a progressive stroke syndrome.

– Stage IV: multiple stenoses or complete oc-
clusion; the patient is symptomatic with a
complete stroke.
Ultrasound examinations are usually able to

establish the type and site of the extracranial
vascular lesion responsible for the neurological
picture; that is, ischaemia caused by thrombo-
sis or embolism and whether the latter origi-
nates from an atherosclerotic plaque or the
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heart (in this last case an echocardiographic ex-
amination must be performed).

Clinical and medical imaging correlations can
be either positive (cerebral neurological sympto-
matology corresponds to a vascular lesion demon-
strated by ultrasound) or negative (no symptoms
with a positive ultrasound examination). This
clinical presence of signs and symptoms is in part
based upon the presence or absence of antero-
grade cerebral blood flow and the competency of
the collateral vascular pathways (which in turn
depend on such variables as systemic blood pres-
sure, pCO2, pO2 and packed cell volume).

The importance of the collateral vascular
circuits lies in the fact that they underlie a num-
ber of different types of symptoms, even in the
presence of morphologically similar obstruct-
ing lesions. These circuits usually develop pro-
gressively, and for this reason sudden vascular
occlusions cause more serious consequences
than gradually developing ones.

The most important anastomotic network is
the vascular circle of Willis. The posterior ver-
tebrobasilar vascular circuit compensates for
deficits in the two anterior carotid circuits by
means of the posterior communicating arteries
and vice versa. The anterior communicating ar-
tery on the other hand, connects the anterior
circulation via this anastomosis between the
two cerebral hemispheres. 

In certain cases, due to vascular variations in
the circle of Willis, the collateral circulation of
this network will not be complete due to devel-
opmental atresia of one or more of the commu-
nicating arteries. This anatomical variation con-
stitutes an unfavourable prognostic factor in
cases of acquired cerebrovascular occlusion.

Other pertinent collateral circuits include:
– the orbital branches of the external carotid

artery anastomosing with the ophthalmic ar-
tery which in turn anastomoses with the in-
ternal carotid artery;

– the branches of the external carotid artery
such as the muscular branches of the occipital
artery, anastomosing with muscular branches
of the vertebral artery;

– the anastomotic branches between the sub-
clavian artery and the external carotid artery
on the side of unilateral internal carotid oc-

clusion and the patent internal carotid artery
on the contralateral side;

– the leptomeningeal anastomoses between
the terminal branches of the principal cere-
bral arteries (flowing from patent vessels
through their respective leptomeningeal
connections in a retrograde direction into
the occluded vascular network);

– the anastomosis of vessels of the dura mater
connecting branches of the external carotid
artery with the internal carotid arteries and
the vertebral arteries;

– the intraparenchymal anastomoses between
vessels within the basal ganglia; and

– the anastomoses between the anterior and
posterior choroidal arteries.
The formation of an efficient collateral net-

work is naturally negatively influenced by an-
terograde cerebral vascular flow sustained by
adequate systemic arterial pressure as well as by
some degree of patency in the remaining vascu-
lar circuit.

The haemodynamic rule is that cerebral flow
remains constant so long as mean arterial pres-
sure is above 60-70 mm Hg. For lower arterial
pressure values the blood flow drops, in part
because the cerebral vascular bed loses its self-
regulation capacity. In chronic hypertensive
subjects, the threshold values below which
cerebral flow starts to drop are higher than
those in normotensive subjects.

In the regulation of cerebral flow, important
roles are also played by pCO2 (e.g., flow in-
creases with hypercapnia), pO2 (e.g., its reduc-
tion causes a drop in arterial oxygen saturation
that results in an increase in cerebral flow and
the extraction of oxygen from the blood). It is
also inversely proportionate to packed cell vol-
ume, as a high packed cell volume reduces the
brain’s oxygen needs and the cerebral flow reg-
ulates itself as a consequence. 

TECHNIQUES

Ultrasound examinations of the vascular sys-
tem can be divided into two techniques:
– B-Mode echotomography: gives a picture of

the vessel and its walls; high frequency trans-
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ducers (7.5-10 MHz) and high definition are
used.

– Doppler-effect echotomography: dedicated
to the analysis of endovascular haemody-
namic phenomena.
This second group can be subdivided into

equipment with continuous emission of the ul-
trasound band (CW or Continuous Wave) and
pulsating emission (PW or Pulsed Wave). CW
is a technique in which the transducer func-
tions simultaneously as an emitting and receiv-
ing probe and PW is a technique in which the
transducer functions alternatively as an emit-
ting and receiving probe with a pulse repetition
frequency (PRF) that can be regulated by the
operator.

CW equipment has the property that while it
easily identifies all vessels on the pathway of the
ultrasound emitted by the exploring probe, it
cannot separate the signals from the various ves-
sels, unless by means of technical intervention
(e.g., when an artery and a vein superimpose up-
on one another, the compression pressure exert-
ed by the probe operator with the intrument in-
terrupts the venous flow and permits the isola-
tion of the arterial Doppler signal); moreover,
with CW is not possible to discriminate the
depth from which the reflected signals originate.

PW appliances include:
– Echo-Doppler (Duplex): in such appliances,

the positioning of the sample volume takes
place using the echotomography image as a
guide. The transducers of these electronic
probes (convex, linear, sectorial) act in the
same way as do normal transducers used in
B-mode ultrasound on all lines of vision with
the exception of one which functions alter-
natively as an emitter and a receiver. In this,
at a depth chosen by the operator, the sam-
ple volume is positioned (within the vessel to
be examined) and velocitometric analysis is
performed (spectral analysis). This takes
place in real time and appears on the moni-
tor by means of a system of Cartesian axes in
which the time variable is on the abscissa,
whereas the various frequencies (speeds) ap-
pear on the ordinate. What is visualized is
the number of red blood cells that flow at
any speed, corresponding to the width of the

Doppler signal. The flow moving towards
the transducer is shown by the position of
the spectrum above the base line, whereas
the flow moving away from the transducer is
written below the base line.

– Echo-Colour-Doppler (ECD): This is a fur-
ther innovative development of Duplex
techniques. With this type of appliance, flow
information is obtained from numerous
sample volumes positioned throughout all or
part of the area explored, along each line of
vision of the image (not on one line alone).
The Doppler signals gathered are subse-
quently correlated by the computer with the
colour code that will indicate the flow direc-
tion on red and blue chromatic scales: con-
ventionally approaching flow is coded in red
and the flow moving away is coded in blue.
By selecting a precise line of vision and sam-
ple volume one can obtain the flow spec-
trum simultaneously.

– Power-Doppler (PD): This represents the lat-
est development of the Colour-Doppler; it
shows the width of the signal given by the
density of the blood cells in movement irre-
spective of the angle of incidence of the ul-
trasound band and flow direction (Fig. 1.84).
A further, innovative aid to ECD and PD in-

vestigations are the recently introduced ultra-
sound contrast media (e.g., galactose mi-
crobubble suspension administered endove-
nously), which have the property of enhancing
the echo-reflectivity of the surrounding blood.
They are currently frequently used in the eval-
uation of the intracranial vessels (transcranial
ECD and PD) with the possibility of perform-
ing three-dimensional reconstructions of the in-
tracranial vasculature using lastest generation
appliances (5).

Ultrasound exploration of blood vessels can
be either direct or indirect. In direct explo-
rations, the probe is placed over the vessel to be
explored and the information received con-
cerns that vessel. The vessels that can be exam-
ined in the neck are the common carotid, ex-
ternal carotid, internal carotid, subclavian and
vertebral arteries, where it is possible to detect
obstructions, stenoses, ectasias and alterations
such as kinking and coiling.
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Information obtained from indirect explo-
rations does not only concern the vessel ex-
plored with the probe, but also haemodynamic
variations that take place up- and downstream
of it. Indirectly, using compression manoeu-
vres, it is possible to evaluate the condition of
the circle of Willis and of the intracranial seg-
ment of the internal carotid artery. In particu-
lar, it is also possible to explore, for example,
the condition of the anterior communicating

artery (probe on the extracranial internal
carotid with simultaneous compression of the
contralateral common carotid artery) and the
posterior communicating artery (probe on the
distal vertebral artery with compression of the
ipsilateral common carotid artery).

Using special indices (such as CR: carotid ra-
tio; PPI: Perfusion Pressure Index; RI; resist-
ance index, etc) it is also possible to obtain
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Fig. 1.78 - 65 year-old male patient with hemiplegia of the left
side with acute onset. Fibroatheromasic plaque at the origin of
the right internal carotid artery (a) with reduction in the vessel
diameter of more than 50% (b - short axis).

Fig. 1.79 - 79 year-old man with hypertension, diabetes and fib-
rillation. Severely atheromasic common carotids with plaques
bulging into the lumen and marked wall alterations (a-b).

a

a

b

b



functional information on the degree of steno-
sis, the state of resistance of the cerebral vascu-
lar bed and the degree of elasticity of the
carotid tree as a whole.

In Doppler diagnosis of cerebrovascular
emergencies, particular attention is paid to the
diastolic speed (velocity) of the common
carotid artery, analysed comparatively on the

two sides. In fact, a slight asymmetry of systolic
velocity can be a normal expression of a differ-
ence in calibre of the two common carotid ar-
teries. However, asymmetry of the diastolic ve-
locity is always pathological and it alone is suf-
ficient to diagnose an obstruction of the inter-
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Fig. 1.79 - (cont.) Fibroatheromasic plaque with irregular sur-
faces in the right carotid bulb and the right internal carotid
along the entire extracranial stretch explored with max. reduc-
tion in the vessel diameter greater than 65% (c - long axis, d -
short axis).

Fig. 1.80 - 70 year-old male hypertensive patient, with dizziness
following fall. Cerebral CT: left hemisphere ischaemic lacunae.
Ulcerated fibrocalcific plaque on the rear wall of the left
carotid bifurcation.

Fig. 1.81 - 45 year-old male patient with left-side hemiplegia.
Thrombosis of the right internal carotid artery.

c

d



nal carotid artery. Low diastolic velocity of the
two common carotids can be an indirect sign of
an aortic insufficiency or an expression of the
arteriocapillary resistance downstream due to
either a reduced parietal compliance (such as is
observed in diabetic patients or in cases of ath-
erosclerosis) or to global vascular compression
(such as in cerebral oedema).

CLINICAL APPLICATIONS

Although the ECD technique was principal-
ly developed in the previous decade, when
faced with a cerebrovascular emergency it is a
good rule to begin the exploration using a CW
Doppler and complete it with a pulsed Doppler,
including in some cases use of the B-mode tech-
nique (2, 4, 6, 8).

A CW Doppler examination gives an accu-
rate functional vascular analysis of haemody-
namically significant stenosing lesions (stenosis
equal to or greater than 70%) and of the occlu-
sions of the supraaortic and the endorbital vas-
cular structures. The reliability of this method
is very high, with a sensitivity of approximately
92% and specificity of approximately 82%. 

One particular application of the pulsed
Doppler technique is the transcranial Doppler
(including transcranial ECD and PD, Fig.
1.85) (1), with which it is often possible to
penetrate the bony barrier of the skull to ex-
plore the large arteries of the circle of Willis.
This is done by using compression manoeu-
vres to evaluate the intra- and extracranial col-
lateral circuits. It can also register severe in-
tracranial vascular spasm even when it is
asymptomatic and can follow the course of
arterial narrowing with serial recordings; in
this manner, invasive selective angiography
may be avoided and surgery can be under-
taken in the critical phase of high flow ve-
locity. Bilateral recordings of the flow veloc-
ity in the anterior, middle and posterior cere-
bral arteries can also aid in the comprehen-
sion of flow modes in the collateral arteries
and in stenoses and occlusions of the intra-
and extracranial carotid arteries.

With a simple echotomography or one
combined with a pulsed or Colour Doppler,
the examination is more localized and is re-
stricted to the extracranial vessels (7). This si-
multaneously allows the collection of func-
tional blood velocity data as well as informa-
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Fig. 1.82 - 68 year-old female patient with left side hemiparesis
and dizziness. Kinking of the left internal carotid artery with
velocitometric acceleration findings both in the internal carotid
artery and downstream (left supraorbital artery).

Fig. 1.83 - 78 year-old female patient, hypertensive, diabetic
with left side hemiparesis with a duration of a few seconds.
Coiling of the right internal carotid artery.



tion on the morphology of the vessel wall. It
can identify both the surface of flat, non-
haemodynamically significant atheromatous
plaques (Fig. 1.78), and complicated plaques
(haemorrhagic, ulcerated, calcified) (Figs.
1.79, 1.80), which are usually stenosing and
associated with occlusive and preocclusive
thrombus formation (Fig. 1.81). In this last
case, PD has a higher sensitivity, specificity
and diagnostic accuracy than does ECD, as it
is able to detect the presence of a still accessi-
ble lumen, even with an extremely slowed
flow that cannot be detected by ECD (Fig.
1.86). ECD therefore provides detailed evalu-

ations of the morphological alterations of the
wall due to small and complicated plaques,
and, on the basis of the alterations in echogenic-
ity, it contributes to the definition of their
atheromatous, fibrous and/or calcific nature
(in particular, cholesterine deposits and haem-
orrhagic lesions of vessel walls are hypere-
choic due to their low density, whereas fibro-
calcific plaques are much more reflective). It
also makes it possible to directly visualize any
anomalies of the extracranial vessels, such as
kinking or coiling (Figs. 1.82, 1.83).

ECD permits a correct diagnosis of lesions
in 96% of cases and consequently has greater
sensitivity than conventional selective angiogra-
phy in identifying moderately stenotic lesions
and in understanding their nature. It also en-
ables the recognition of subintimal haemor-
rhages that are not shown on angiography as
well as small ulcerated plaques that sometimes
are also difficult to visualize.

CONCLUSIONS

From a certain sense, ED is to a vasculo-
pathic patient what the electrocardiogram is to
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Fig. 1.84 - Power Doppler of the carotid bifurcation.

Fig. 1.86 - Pseudo-occlusion of the internal carotid artery. The
Power Doppler is able to show a slight flow at an extremely re-
duced speed.

Fig. 1.85 - Transcranial Echo-Colour-Doppler. Intracranial cir-
culation viewed through the temporal window.



the cardiopathic patient, that is, it is the first
examination to be performed upon the onset of
ischemic signs and symptoms. When faced with
a cerebrovascular emergency, once CT has dis-
tinguished between haemorrhage and is-
chaemia, ED is a reliable choice of primary im-
aging modalities for determining the type and
site of extracranial vascular stenotic lesions and
for guiding subsequent therapy.

The three ultrasonographic techniques (CW,
ECD and PD) are complementary to one an-
other and very useful, in part due to their non-
invasive nature. They are not however consid-
ered a substitute for angiography, which at
present remains essential for the definitive
study of the intracranial blood vessels, especial-
ly a focused therapeutic approach where in-
travascular treatment is an option.
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INTRODUCTION

The development of neuroimaging tech-
niques has in part been driven by the need to
discover and perfect methods for more rapid
and accurate diagnosis of suspected cere-
brovascular pathology. As a result, in recent
years diagnostic and therapeutic protocols have
changed by virtue of theses recent innovations.
In addition, progress in the understanding of
cerebral ischaemic pathology has clearified
many of the physiopathological mechanisms as-
sociated with ischaemic tissue damage, which
in turn have made it possible to develop more
specific and effective treatment options. The
neuroradiological diagnostic techniques avail-
able in clinical practice today permit a non-in-
vasive and definitive diagnostic evaluation as
early as the hyperacute phase of ischaemic
stroke, in order to properly select those pa-
tients that may best be amenable to treatment
with thrombolytic agents (24).

In the neuroimaging diagnostic field, MRI
plays a priority role given its many applications
and higher sensitivity (82%) as compared to
CT (60%) in the early detection of tissue
changes caused by an ischaemic event (15).
That said, CT still plays a fundamental diag-
nostic and screening role in hyperacute stroke

patients given that it is more sensitive that MRI
in demonstrating the presence of haemorrhag-
ic foci.

With the perfusion, diffusion, spectroscopy
and MR angiographic techniques, MRI repre-
sents an important arsenal for studying is-
chaemic stroke (within the first six hours) and
the tissue changes caused by an occlusive
thromboembolic event. The rational integra-
tion of the various MRI methods available per-
mits a non-invasive, rapidly acquired diagnostic
analysis of the patient presenting with signs of
cerebral ischaemia, especially when it is aimed
at optimally selecting patients for a specific
treatment such as thrombolysis (24, 26).

MR angiography (MRA) in particular has
won itself a well-defined role in diagnostic
protocols evaluating cerebral ischaemia not
only as a screening method, but also as an al-
ternative to selective digital subtractive an-
giography (DSA) of the brachiocephalic and
cerebral vessels. At present MRA constitutes
an indispensable diagnostic method, which
when integrated with basic MRI is the means
of choice for studying the cerebral vessels with
the aim of locating the site of vascular stenoses
and occlusions as well as their effects upon the
underlying brain tissue. Collectively the vari-
ous MRI techniques are currently able to ac-
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quire high quality images of the intra- and ex-
tracranial cerebral blood vessels that not only
supply qualitative data, but also yield informa-
tion on the relative velocity and direction of
the blood flow.

TECHNIQUES

The techniques used are unenhanced time of
flight (TOF) and phase contrast (PC) 2D and
3D (two and three dimensional) MR angiogra-
phy and contrast enhanced MR angiography
(CE-MRA).

Time of flight (TOF)

The techniques based on the principles of
TOF MR angiography are widespread and are
easily performed at the same time as the basic
MR scan. They are based on “inflow” phenom-
ena capable of creating good flow-related con-
trast enhancement between the signal of sta-
tionary tissues and that of blood protons (i.e.,
blood) in movement. On entering the imaging
volume under examination, the protons have
not yet been subject to spatially selective ra-
diofrequency pulses and they produce a much
higher signal than that given by stationary pro-
tons within the imaging volume, which are par-
tially saturated by previous radiofrequency
(RF) pulses.

The degree of increase in flow signal de-
pends on many parameters that are partly spe-
cific to the tissues examined (T1 relaxation
time) and partly dependent on the acquisition
parameters used (TR, TE, flip angle, etc.), the
type of flow (velocity, turbulence, etc.) and on
the geometry of the acquisition volume in com-
parison with the direction of the blood flow (1).

The 3D TOF technique is especially useful
in studying the arterial circulation, whereas the
2D technique, which has a lower spatial defini-
tion than 3D, is particularly useful in studying
slow (venous) flow. TOF techniques can be
supplemented by techniques able to improve
the suppression of stationary background tissue
signal, thus increasing the relative contrast of

the flow signal using an additional “off reso-
nance” RF pulse that acts on the stationary pro-
tons, saturating them selectively in comparison
to those in movement that do not react to this
pulse (Magnetization Transfer Contrast: MTC)
(4, 6). Other possibilities of accomplishing this
are to reduce intravoxel dephasing and satura-
tion of the spins with the tilted optimized non
saturation excitation (TONE) and multiple
overlapping thin slab acquisition (MOTSA)
techniques. In the TONE method, the flip an-
gle is gradually increased as the flow proceeds
towards the centre of the acquisition volume in
order to compensate for the reduction in longi-
tudinal magnetization of the spins in move-
ment, whereas the MOTSA technique uses an
acquisition of multiple volumes that interleave
with one another (7, 16-18).

TOF techniques have limitations that are
mainly characterized by two situations: the first
source of error is caused by the presence in the
acquisition volume of stationary tissues that can
appear hyperintense (e.g., gadolinium enhance-
ment, meta-haemoglobin, fat and oily sub-
arachnoid contrast media) and that can there-
fore be wrongly interpreted as blood flow sig-
nal; the second source of error considers the
possibility that vascular structures may appear
isointense and therefore not emit blood flow
signal using certain acquisition parameters.
This latter situation can depend on a series of
technical factors (e.g., TE, TR, flip angle, direc-
tion of blood flow, thickness of the acquisition
layer and acquisition volume). For example, the
inadvertent use of a high TE value can be one
of the main causes of a lack of vascular signal;
fortunately, many MR systems only allow a vari-
ation in TE values within narrow limits.

It should also be stressed that in 3D-TOF ac-
quisitions, the anatomical structure of interest
must be correctly positioned within the acquisi-
tion volume, in other words in the lower third of
the slab (where the inflow effect is highest).

Phase Contrast (PC)

This technique capitalizes upon the phase
effects that occur when protons move along the
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direction of a magnetic field gradient. PC MR
angiography techniques allow the quantifica-
tion of flow velocity and volume as well as the
direction of the blood flow. In general, this
method entails long acquisition times with wide
fields of view, and it is therefore the technique
of choice in the study of arteriovenous fistulas
and AVM’s. In fact, PC and TOF MR angiog-
raphy are complementary and provide for a
more accurate diagnosis when combined.

Contrast Enhancement (CE)

Dynamic MR angiographic techniques use
the intravascular phase of a bolus of paramag-
netic contrast medium (e.g., gadolinium) inject-
ed intravenously, in association with the acqui-
sition of ultrafast sequences dependent on T1
relaxation times (9, 19, 22). The use of intra-
venous contrast medium causes a significant re-
duction in the T1 relaxation time of the blood
with a considerable increase in the intensity of
the blood flow signal as well as the relative con-
trast between blood and the stationary tissues.
It goes without saying that in order for the con-
trast medium to have a maximum effect, it re-
quires an optimal choice of the time interval be-
tween the intravenous injection of the contrast
medium bolus and image acquisition. 

The main drawback of this technique is an
increase in stationary tissue signal and the si-
multaneous opacification of the veins. However,
this limitation can be reduced by the use of very
short scanning times (e.g., a partial K space
technique as in “key-hole” sequences) and by
rapidly administering the contrast medium as a
bolus during data acquisition in order to ac-
quire the images when the contrast medium
reaches its greatest intravascular concentration.

MR ANGIOGRAPHY 
OF THE SUPRAAORTIC VESSELS

Technique

In recent years MRA has enabled an accurate
and non-invasive diagnostic analysis of the

supraaortic vessels, which together with Doppler
ultrasound studies in the presurgical phase has
limited the use of invasive conventional DSA to
selected cases. 

Although PC MR angiography can be uti-
lized to examine the supraaortic vessels, TOF
techniques are more commonly employed. Gen-
erally speaking, for studies of the carotid bifur-
cation a transverse acquisition plane with a 3D-
TOF technique is used to reduce the saturation
effects, however, this technique has certain lim-
itations due to its long acquisition times and
consequently the associated motion artefacts
(14). The proposal made by Prince in 1994 (19)
was therefore accepted with enthusiasm; the
proposal involved using contrast-enhanced 3D
MR angiography to capture the passage of a bo-
lus of paramagnetic contrast material through
the inaging volume in order to study the
supraaortic vessels. This led to the perfection of
a technique capable of examining the extracra-
nial vessels including the aortic arch, the origins
of the supraaortic vessels and the neck vessels
(13, 23). In particular, extremely fast volumet-
ric acquisitions are used directly in the coronal
plane during the injection of the contrast medi-
um bolus, over acquisition times of approxi-
mately 15-30 seconds. In this technique, given
that the signal is produced mainly by the ad-
ministered contrast agent, it is mandatory to syn-
chronize the image acquisition with the injec-
tion of the contrast agent in order to obtain
maximum arterial filling during the central por-
tion of acquisition. The advantage of this
method lies in the speed of the examination and
in the possibility of now covering the entire
length of the brachiochephalic vessels from their
origins through their proximal intracranial seg-
ments (Figs. 1.87, 1.88).

Clinical applications

The cervical carotid and vertebral arteries
were the first vascular segments for the applica-
tion of MR angiography. Numerous studies of
MRA show its high sensitivity in detecting
carotid stenoses, 92-100%, with a specificity of
64-100% (2, 5, 14).
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Slow and turbulent flow can cause a signal
drop-out within the vessel under study, with a
consequent overestimation of the degree of
stenosis. This represents an important limita-
tion in the use of standard 2D- and 3D-TOF
MR angiographic techniques.

The recent introduction of CE 3D-TOF
MRA has resolved certain problems concerning
the correct estimation of the degree of vascular
stenosis and the evaluation of the origins of the
supraaortic vessels (Fig. 1.89). Recent studies
have shown the CE 3D-TOF technique to be
more accurate than standard 2D- and 3D-TOF
acquisitions (14, 23).

Stenotic-occlusive atheromatous pathology
The 3D-TOF MR angiographic technique is

currently considered the best available method
for defining the morphology of stenotic-occlu-
sive lesions of the carotid and vertebral arteries.

To avoid problems with the progressive satura-
tion of the spins when using 2D- and 3D-TOF
techniques, one should preferably use an acqui-
sition plane perpendicular to the longitudinal
axis of the vessel being examined; consequent-
ly, both the carotid and the vertebral arteries
must be examined in the axial plane (Fig. 1.90).
The 3D-TOF technique can also be used with a
bolus injection of a contrast agent (gadolini-
um), using rapid volumetric acquisitions in the
coronal plane (Fig. 1.91). The disadvantage of
this technique is in its slightly invasive nature
(linked to the intravascular administration of
gadolinium) and in its limited spatial resolution
as compared to the traditional 3D-TOF method
utilizing a transverse plane acquisition.

For stenoses greater than 70%, a signal drop-
out at the stenotic segment is described in both
the 2D- and 3D-TOF MR angiographic tech-
niques. In cases of preocclusive high grade
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Figs. 1.87-1.88 - Dynamic MRA scan of the epiaortic vessels acquired in the coronal plane with high definition ultrafast T1 sequences
(AT: 28 seconds); note the excellent demarcation from the emergence of the epiaortic vessels.



stenosis, the 2D-TOF technique may prove
more effective than the 3D because its sensitivi-
ty to slow flow makes it possible to identify
residual flow distal to the narrowing, whereas
the 3D technique can give an erroneous picture
of occlusion with a complete absence of distal
flow signal.

Vascular dissections
Stenotic-occlusive pathology of the internal

carotid artery and the vertebrobasilar vessels is
being increasingly seen as cases presenting as
neurological and neuroradiological emergen-
cies. With regard to ischaemic strokes, particu-
lar attention must be paid to the role of dissec-

tion of the cervical arteries. These dissections
are often under recognized as they typically af-
fect young patients who commonly lack the
usual vascular risk factors (2%).

Increased diagnostic suspicion is often sug-
gested by the appearance of headache, stiff
neck, neck pain, Horner’s syndrome and dizzi-
ness in the dissection of the vertebral artery.
Carotid and vertebral dissections can be diag-
nosed with relative ease using simple MR and
MRA acquisitions (Fig. 1.92) (20). Levy et al
(12) reported a sensitivity and specificity of
95% and 98%, respectively, for the detection
of cervical internal carotid dissection.

Both T1- and T2-weighted spin echo (SE)
images and the single partitions of 3D-TOF
MRA permit the detection of the character-
istic findings of vascular dissection, includ-
ing the presence of a flow void in the resid-
ual lumen and haemoglobin hyperintensity
within the subintimal haematoma. An alter-
native to the TOF method is a combination
of PC MRA and a comparative T1-weighted
SE study with suppression of the fat signal
for the effective visualization of the intramu-
ral thrombus.

With regard to dissections of the vertebral
artery, although MR angiography is less sensitive
than that of the internal carotid artery, it is felt
to be preferable to invasive selective conven-
tional DSA as the double lumen caused by the
subintimal dissection can cause the detachment
of emboli in patients undergoing catheteriza-
tion.

MR angiography plays an important role in
the follow-up of these lesions, which usually
successfully heal after treatment with anticoag-
ulants.

INTRACRANIAL VESSELS

Technique

The most frequently used technique for
studying the intracranial vessels is 3D-TOF
MRA. The acquisition volume is oriented trans-
versally and covers the vessels of the circle of
Willis and the proximal segments of the major
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Fig. 1.89 - Dynamic CE MRA: presents a serrated stenosis of
the right subclavian artery and a stenosis on the bifurcation of
the right carotid artery.
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Fig. 1.90 - Dynamic MRA: a) panoramic study of the epiaortic
vessels; b) selective reconstruction of the left carotid bifurca-
tion, which appears normal; c) selective reconstruction of the
right carotid bifurcation in which one can observe the pres-
ence of an atheromasic plaque at the beginning of the right in-
ternal carotid artery. d) comparative study of the right carotid
bifurcation with 3D-TOF technique and axial acquisitions:
note a reduction in flow signal by the plaque; echo-Doppler
finding: soft stenosing plaque at the origin of the right internal
carotid artery.
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cerebral arteries; in order to obtain good spatial
and contrast resolution, the thickness of the in-
dividual scans must be relatively small (0.8 - 1.5
mm). Optimal intravascular contrast is ob-
tained using the variable flip angle technique

(TONE) coupled with transverse magnetiza-
tion transfer (MTC) overlay for better suppres-
sion of the perivascular stationary tissue signal
(4, 16). For the separate study of the arterial
and venous systems, it is necessary to correctly
position prespatial saturation bands proximal
to the flow signal to be eliminated.

In general, contrast agents are not used for
studying the cerebral vessels, with the excep-
tion of certain cases where the intracranial
pathology demands that intravascular contrast
material be specifically used for the study of
slow vascular flow.

CLINICAL APPLICATIONS

Stenotic-occlusive pathology
In recent years the development and clini-

cal application of MRI in the study of is-
chaemic stroke patients has provided much in-
formation on cerebral perfusion (perfusion
MR), metabolic integrity (spectroscopy MR),
variations in cerebral diffusion coefficients
(DWI) and information on the morphology of
the intra- and extracranial vessels using MR
angiography (2, 25).

In cases of ischaemic stroke, MR angiography
plays a potentially important role. In the hypera-
cute phase of cerebral ischaemia, integrating the
morphological and metabolic imaging informa-
tion in cases of vascular stenosis or occlusion
provides all the data required to make specific
therapeutic choices (Figs. 1.93, 1.94).

MR angiography provides a good represen-
tation of the first and second order vessels of
the circle of Willis, but has limitations in the
study of smaller vessels (Figs. 1.95, 1.96, 1.97,
1.98). In addition to spatial definition, limita-
tions include an accurate estimation of the de-
gree of high grade stenoses and the accurate
distinction between high grade stenoses and
frank occlusions (8, 11).

The carotid siphon can benefit from an MR
angiographic evaluation, although care must be
taken to avoid errors in overestimation of the
pathological changes due to the reduction in
flow signal as a result of turbulence. Another
problem is posed in some cases by the flow tur-
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Fig. 1.91 - Dynamic MRA scan of the epiaortic vessels: a) steno-
sis on the bifurcation of the right carotid artery and occlusion
at the start of the left internal carotid artery; b) the specific
study using the 3D-TOF technique better demarcates the pres-
ence and entity of the stenosis at the start of the right external
carotid artery.
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bulence present at vascular bifurcations, which
can erroneously be interpreted as stenoses. The
administration of contrast media (gadolinium)
has been used to resolve these problems of par-
tial signal loss. 

Collateral pathways to the circle of Willis
can be evaluated using the 3D-TOF technique
by means of an appropriate arrangement of the
selective prespatial saturation pulse; an alterna-
tive is the PC method that provides informa-
tion on the direction of blood flow (25).

Occlusive venous pathology
With suspected venous thrombosis, MR

venography is the diagnostic examination of
choice. This technique is used together with the
conventional SE MR scan, which permits the
detection of associated parenchymal abnormal-
ities (e.g., venous infarction) as well as the ab-
normal signal of vascular thrombosis or the ab-
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Fig. 1.91 - (cont.) – c) Another case, medium grade stenosis on
the right carotid bifurcation and serrated stenosis with presence
of plaque at the beginning of the left internal carotid artery; d and
e) selective reconstruction of the carotid bifurcations. 
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Fig. 1.92 - Dissection of the left vertebral artery. a) Basic SE T2
MR scan: left cerebellum ischaemic lesion; b and c) MRA: ab-
sence of signal in the last stretch of the left vertebral artery; 
d) single base partition: presence of hypointense parietal
thrombus, in acute phase, at the vertebral artery; e) check-up
MRA (15 days later): partial recanalization of the vessel.
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Fig. 1.92 - (cont.) f) Comparison with DSA.
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Fig. 1.93 - Hyperacute phase ischaemia. a) Basic SE T2 MRI:
negative finding; b) DW MR image; ischaemic lesion in left insu-
lar-parietal location; c) MRA of the vessels of the circle of Willis:
occlusion of the bifurcation of the left Sylvian artery.



sence of normal signal void within the dural ve-
nous sinuses. Toward this same aim, T2-weight-
ed SE images acquired perpendicular to the
dural venous sinuses are recommended for a
more accurate supplemental study. 

In MR angiography, the high signal of the
thrombus can give false negative results; in
such cases a comparative study using T1- and
T2-weighted SE images and the application of
presaturation bands, as well as use of the PC tech-
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Fig. 1.94 - Hyperacute phase ischaemia. a) and b) TSE-HASTE images, a blurred swelling caused by the oedema of the cortex in a
right parasagittal frontal position with small hyperintensities near the signal; c and d) DW images: widespread ischaemic focus in the
territory of the right anterior cerebral artery. 
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nique are in combination typically able to dis-
pel diagnostic doubts (17). 

Aneurysms
In the acute stage of subarachnoid haemor-

rhage, the examination of choice is CT, 
followed by invasive conventional selective
DSA to reveal the presence of one or more
aneurysms and to visualize the anatomy of the
individual aneurysms; MRI and MRA have sec-
ondary roles during this acute phase.

MRA is the examination technique of choice
for screening patients with family histories of

such potentially heritable pathology as the
aneurysms associated with polycystic kidney
disease, or in cases where there is a relatively
high association of aneurysms such as aortic
coarctation (21). Studies performed thus far
show that MRA is able to detect 3-4 mm
aneurysms with approximately 86-90% sensi-
tivity, and with 100% specificity (3, 10) (Fig.
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Fig. 1.94 - (cont.) e and f) MRA of the vessels of the circle of
Willis: occlusion at the start of the right anterior cerebral artery
and serrated stenosis in segment M2 of the right Sylvian artery.

Fig. 1.95 - Left insular-temporal-parietal ischaemic lesion: a) ba-
sic SE T2 MRI; b) 3D-TOF MRA of the vessels of the circle of
Willis; occlusion in segment M2 of the left Sylvian artery.
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1.99). Smaller aneurysms are often not visible
due to MR angiography’s limited spatial resolu-
tion and because of the irregular flow dynamics
within small aneurysms. And, when studying
giant aneurysms the slow and turbulent flow
can reduce the intraluminal signal and cause an

underestimation of the dimensions of the lu-
men of the aneurysm. 

3D-TOF MRA has recently been used in
studying aneurysms treated with Guglielmi’s
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Fig. 1.96 - Left temporooccipital ischaemia: a) basic SE T2 MRI;
b) MRA of the vessels of the circle of Willis: occlusion in the P1
segment of the left posterior cerebral artery.

Fig. 1.97 - Right parietal ischaemia: a) basic SE T2 MRI; b) 3D-
TOF MRA of the vessels of the circle of Willis: absence of flow
signal in the right carotid siphon with partial revascularization
of the right Sylvian artery through the circle vessels.
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Fig. 1.97 (cont.) - c) MRA of neck vessels: occlusion at the be-
ginning of the right internal carotid artery.

Fig. 1.98 - a) Basic SE T2 MRI; blurred signal hyperintensity in
right occipital location; b) SE T1 image after gadolinium: non-
homogeneous contrast enhancement due to blood-brain barri-
er damage caused by the presence of an acute ischaemic area;
c) MRA of the vessels of the circle of Willis: stenosis in the
proximal segment of the right posterior cerebral artery. 
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detachable embolization coils. This has shown
a good correspondence between MRA and se-
lective DSA with regard to the evaluation of
aneurysms occluded with coils. It has in fact
been possible to evaluate any residual
aneurysm neck and flow within the residual
aneurysmatic sack if present. However, to be
fair, certain vascular details are obviously less
easy to evaluate in the single MRA partitions. 

Arteriovenous malformations
Generally speaking, MRA used in combina-

tion with MRI is sufficient for the detection of
most cerebral arteriovenous malformations.
The TOF MRA technique gives good documen-
tation of the major arterial feeding arteries (Fig.
1.100). Venous drainage and the central nidus
are better studied using PC MRA. The use of in-
travenous gadolinium improves visualization of
the venous vascular components of AVM’s. 

MRA also permits in-depth studies of the
nidus, its dimensions and its relationship with
the surrounding neural tissue, which are im-
portant elements for treatment planning. This
technique is also useful during follow-up after
therapy; invasive selective DSA is nevertheless
required in order to obtain precise images of
the exact anatomical architecture and the dy-
namic aspects of the AVM. 

CONCLUSIONS

MRA is an important non-invasive method
for studying the brachiocephalic and cerebral
blood vessels. Its main application in neuro-
radiological emergencies is for the evaluation
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Fig. 1.99 - 3D TOF MRA of the vessels of the circle of Willis:
presence of an aneurysm on the anterior communicating artery.

b

a

Fig. 1.100 - AVM: a) basic SE T2 MRI: numerous serpigenous
images with signal void in the left temporoparietal region; b) 3D
TOF MRA: presence of a large AVM, supplied by branches orig-
inating from the Sylvian artery and left posterior cerebral artery.



of cerebral circulation in suspected cases of
ischaemic stroke or thrombosis of the dural
venous sinuses. In such cases, MRA can be
performed together with conventional MRI
aimed at obtaining a rapid and complete di-
agnostic analysis of the problem, thereby al-
lowing optimal specific treatment choices to
be made. It is also widely used to screen for
cerebral aneurysms in high risk groups, and
more recently to monitor aneurysms follow-
ing treatment with Gugielmi’s detachable em-
bolization coils.

It is important to underline the importance
of having access to high performance MRI sys-
tems that allow the rapid execution of both the
static conventional imaging as well as the an-
giographic acquisitions.
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INTRODUCTION

The relatively recent advent of sophisticated
imaging techniques such as CT and MR has dra-
matically reduced the demand for conventional
invasive selective cerebral angiography in radio-
logical diagnosis. Despite the fact that conven-
tional angiography is now considered comple-
mentary to other techniques in neurological
emergencies, it has been shown not to be com-
pletely replaceable because there are certain
questions that angiography alone can answer. 

In recent years, there has been a return to the
use of angiography based on the improvement in
the technique’s safety, speed and sophistication
(e.g., hard- and software improvements, atrau-
matic catheterization materials, and new low os-
molarity contrast agents), and on the progres-
sively increasing experience of vascular interven-
tional radiology treatment techniques (8). This
last factor has led to angiography being consid-
ered as having a dual purpose: an instrument
used in both diagnosis and therapy.

CLINICAL INDICATIONS

The clinical indications for emergency an-
giography are cerebral ischaemia and haem-

orrhage, as well as some forms of cranial trau-
ma and thrombotic pathology of the venous
structures. The initial diagnostic evaluation is
nevertheless left to non-invasive methods
such as CT, MR and Doppler ultrasound,
which are now able to satisfy the most urgent
diagnostic requirements. Generally speaking,
angiography is presently used in those cases
in which non-invasive techniques have ex-
hausted their usefulness, and, above all, when
treatment using endovascular techniques is
being considered.

Cerebral ischaemia

In cerebral ischaemia, depending on whether
it manifests itself as TIA or frank infarction, an-
giography is not routinely used except in specif-
ic cases during certain time periods following
the ischaemic ictus.

a) Transient ischaemic attacks: TIA’s do not
usually constitute an angiographic emergency;
patients with TIA’s are typically subjected to an-
giography only after a certain period of time
during which the clinical evolution and the less
invasive diagnostic techniques (e.g., ultrasound)
have indicated the presence of a vascular lesion
that might be amenable to surgery. Although in-
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frequently encountered, angiographic examina-
tions can be mandatory in patients suffering
from repeated ischaemic attacks and having a
non-invasive imaging diagnosis of subtotal oc-
clusion of one of the cervicocranial vessels; in
such cases urgent surgery or angioplasty may be
able to prevent total vascular thrombosis.

b) Cerebral infarction: Angiography is rarely
used today in cases of frank cerebral infarction,
and is in any case usually delayed until partial
functional clinical recovery is observed.

Trends recently have pointed towards utiliz-
ing very early angiographic examinations, with-
in hours following the acute ischaemic event,
when the clinical syndrome can be attributed to
an arterial occlusion that may be susceptible to
treatment using transcatheter fibrinolysis. This
is one of the more recent innovations of inter-
ventional neuroradiology, although its real clin-
ical efficacy merits further investigation (2).

Cerebral haemorrhage

Angiography plays a more important role in
cases of cerebral haemorrhage.

a) Parenchymal haemorrhages do not usually
require angiographic analysis when the origin
of the haemorrhage is thought to be sponta-
neous (i.e., elderly patient with hypertension).
However, when clinical and anatomical condi-
tions favour a different aetiology for the haem-
orrhage (e.g., relatively young patient, nor-
motensive, atypical position, etc.), angiography
becomes mandatory and should be performed
urgently, especially when the haemorrhage de-
mands emergency surgery.

b) In cases of epidural/subdural haemor-
rages emergency angiography has varying diag-
nostic importance. It is unusual for posttrau-
matic epidural/subdural haemorrages to gain
diagnostic benefit from angiography. Angiogra-
phy can only be justified when associated le-
sions of the cerebral vessels are suspected (e.g.,
dissection or rupture of a vessel wall, posttrau-
matic aneurysms, arteriovenous malforma-
tions/fistulae).

c) Angiography has a different importance
in the case of subarachnoid haemorrhage. With

its often abrupt onset and typical clinical pic-
ture, subarachnoid haemorrhage is the most
frequently encountered of the potential neuro-
logical angiographic emergencies.

Thrombosis of the cerebral veins 
and dural venous sinuses

This type of pathology, now somewhat rare,
can require emergency angiography when in-
tracranial hypertension dominates the clinical
picture. In such cases, angiography is used to
confirm the clinicoradiological suspicions.
However, while the cranial dural venous sinus-
es are more critically assessed angiographically,
digital subtraction angiography (DSA) is only
capable of providing indirect information on
the thrombosis of cortical venous structures
(e.g., slow arterial and venous circulation, areas
of paucity of venous vessels, presence of collat-
eral venous circulation).

TECHNIQUES

Angiography performed in emergency con-
ditions is relatively difficult and requires a cer-
tain degree of experience as it is almost always
performed in less than ideal circumstances.
This difficulty is due both to the patient’s state
of consciousness and ability to cooperate as
well as to the gravity of the clinical picture,
which requires the utmost rapidity of angio-
graphic examination execution and immediate
interpretation. The use of conventional angiog-
raphy has been much improved by the advent
of modern DSA appliances with high spatial
definition (1024 x 1024 matrix). DSA allows,
above all, reduced examination times, while the
marked simplification of the radiographic tech-
nique has made it possible to limit the total
amount of contrast medium required for each
individual injection. In addition, the use of low
concentration, low osmolarity, non-ionic con-
trast agents has reduced the potential contrast
agent toxicity risk. In short, DSA has evolved
into the a much simpler imaging modality with
less risk to the patient. 
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The only drawback of DSA is its sensitivity
to even the slightest patient motion; this re-
quires complete patient immobilization, which
is typically only possible with deep sedation or
general anaesthesia. If there are no specific con-
traindications, such as underlying cerebral
haemorrhage, minimal heparinization can be
undertaken. With these exceptions, no other
particular patient preparation is usually re-
quired.

Patient vital functions and neurological sta-
tus should be monitored constantly during the
examination, and the patient should be kept
under observation for 12-24 hours after the
procedure. In the absence of contraindica-
tions, the angiogram is performed through
transfemoral access. Other routes of access
(e.g., axillary, common carotid arteries) have a
higher risk of local complications. Preliminary
arch aortography used to explore the large
supra-aortic arterial branches is preferable in
general and specifically indispensable for iden-
tifying vacular variations and ostial/proximal
atherosclerotic lesions. In order to study the
aortic arch and its branches, the left anterior
oblique projection is used with an angulation
of 15-20 degrees; generally speaking, 20-25 ml
of contrast medium are required with a flow
rate of 10-15 ml/sec delivered over 1-2 sec-
onds (total contrast volume: 25-50 ml). Stud-
ies of the carotid bifurcation require both
oblique projections in order to project the in-
ternal carotid free from the external carotid
artery, as well as to study the walls and lumen
of the vascular structures circumferentially.
Although panoramic imaging of the cranial
vasculature can be useful as a preliminary ap-
proach to locating major lesions and to
analyse overall haemodynamic balance of flow
between the cerebral hemispheres, selective
catheterization of the cerebral vessels is almost
always essential. Each arterial injection exam-
ined requires at least the two orthogonal pro-
jections during DSA; in many cases oblique
projection imaging also needs to be performed
in order to properly define the pathology.
Each individual injection usually requires not
more than 6-9 ml of contrast medium deliv-
ered at a rate of 6 ml per second (more in

cases of arteriovenous malformation or large
arteriovenous fistula). In latest generation an-
giographic appliances, the examination is fa-
cilitated by improvements such as rotational
angiography or even 3D angiography (20). 

APPLICATIONS

We will examine the dual diagnostic and
therapeutic role of angiography in ischaemic
and haemorrhagic pathology, and omit trauma
and thrombotic pathology of the venous struc-
tures, which are more rarely observed at emer-
gency diagnostic cerebral angiography.

Diagnostic role

In cases of ischaemia and haemorrhage, an-
giography is usually principally responsible for
identifying the vascular lesion(s) responsible
for the clinical syndrome and for definitively
determining the plan for therapy. 

a) Cerebral ischaemia: Regardless of whether
it involves transient ischaemic attacks or frank
infarction, the principle role of DSA is simply
to identify the vascular lesion(s) responsible for
the ischaemia. Further goals include the analy-
sis of the degree of the stenotic/occlusive
pathology and an estimation of its haemody-
namic significance, exclusion of the presence of
other lesions that could affect treatment and
provision of a complete picture of cerebral
haemodynamics. Another important factor is
the characterization of such lesions: whether
they are atherosclerotic, dysplastic (e.g., fibro-
muscular dysplasia) or related to trauma (e.g.,
arterial dissection); and whether there are asso-
ciated complications (e.g., intraluminal throm-
bus, ulceration of atherosclerotic plaques) (Fig.
1.101). In actual fact, today there are a number
of examination techniques available (Echo-
Colour-Doppler, MR angiography, CT angiog-
raphy and SPECT), which alongside angiogra-
phy contribute to this global evaluation and fi-
nally to the formulation of treatment choices. 

b) Cerebral Haemorrhage: In the presence
of haemorrhages, cerebral angiography plays a
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Fig. 1.101 - (a-e) Cerebral ischaemia. (a-c) selective catheterism of the common carotid artery. In (a) plaque at the start of the inter-
nal carotid artery, with “rose thorn” image due to ulcer (arrow); kinking in the precranial stretch (small arrows); in b) irregular plaque
(ulcerated). (d-e) Ultrasound of the carotid bifurcation. In (d) marked intimal thickening with flat plaques (arrowhead); in (e) coarse
sclerocalcific plaque (arrow).
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more complex role. Nevertheless, in cases of in-
traparenchymal haemorrhage, when performed
correctly using proper techniques, angiography
is able to identify or exclude the existence of
associated underlying aneurysms or vascular
malformations.

With AVM’s, utmost attention must be paid
to determining the arterial feeders, venous
drainage and other singular anatomical and
haemodynamic characteristics of the malforma-
tion (Fig. 1.102). This information is essential
for treatment planning and for optimally choos-
ing between surgery and transcatheter embolic
therapy.

The recent interest in intraoperative angiog-
raphy made possible by the new portable and
manageable DSA appliances have allowed to
conduct angiographic examinations directly on
the operating table. This approach could prove
invaluable in immediate preoperative, intraop-
erative and postoperative evaluations of vascu-
lar malformations in patients with intra-
parenchymal haemorrhage. 

In the presence of subarachnoid haemor-
rhage the use of angiography is even more im-
portant and is essential in most cases to de-
termine the optimal surgical approach. An-
giography is the most suitable method for di-
rectly demonstrating the cause of the bleed
(e.g., aneurysm or malformation) in such cas-
es. At present, MR angiography and CT an-
giography can identify large and many of the
smaller aneurysms; however, in patients with
subarachnoid haemorrhage, negative MR an-
giography does not rule out the presence of
an underlying aneurysm or vascular malfor-
mation. Therefore, although invasive selective
angiography is not completely devoid of risks,
at the present time it remains the most sensi-
tive angiographic technique. Selecting the
time at which to perform the examination is
particularly difficult, and is much dependent
upon the presence or absence of arterial va-
sospasm and the timing of surgery. Perform-
ing angiography in the period during which
vasospasm is most likely to be present (3-10
days after the bleed) can lead to a masking of
the presence of the aneurysm sack due to non-
filling. The decision as to whether to perform

angiography either in the early phase (day
one) following subarachnoid haemorrhage or
later (two weeks) depends upon the decision
of the surgical team and the patient’s clinical
condition. This examination requires experi-
ence and diligence, paying particular attention
to detail. It should also be pointed out that in
certain situations, despite the utmost care in
angiographic examination execution and in-
terpretation, the study can be negative due to
partial or total thrombotic occlusion of the
aneurysmal lumen or to the persistence of the
arterial vasospasm (18). Angiography permits
an evaluation of the size of the aneurysm, its
shape and its neck (Fig. 1.103). Angiography
is also required to evaluate the entire cerebral
arterial system both to search for other possi-
ble aneurysms as well as to perform a com-
plete presurgical haemodynamic assessment.
To this end, it can be useful to perform cross-
compression of the contralateral cervical
carotid artery during carotid injections in or-
der to study the cross-filling, and therefore the
collateral circulatory capacity, of the elements
of the circle of Willis.

Therapeutic role

The interest and utility of interventional radi-
ology is increasing in the neuroradiological field,
especially in certain emergency situations where
it can provide support for or even replacement
of traditional therapeutic approaches. 

Cerebral ischaemia: In cerebral ischaemia,
the principal therapeutic use of angiography is
selective intraarterial fibrinolysis and percuta-
neous angioplasty.

a) For some years now, selective intraarter-
ial fibrinolysis has been used in treating acute
ischaemia of the lower extremities as well as
other regions of the body (e.g., renal, mesen-
teric, coronary ischaemia). This has occurred
primarily because of the introduction of new,
efficient fibrinolytic drugs that are easy to han-
dle and have low incidence of untoward side
effects. Its use in the treatment of cerebral is-
chaemia, which in industrialized countries ac-
counts for the third largest cause of death and
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is the most common cause of lifetime disabil-
ity, is now available in many centres world-
wide.

Treatment must be begun within 6-8 hours
from onset of the ischaemic ictus, once an-
giography has demonstrated the obstructive
nature of the ischaemia. A microcatheter is in-
troduced via the transfemoral route into the
occluded artery; the distal tip of the catheter
is positioned in contact with the thrombus
and injecting from 200,000 to 1,000,000
Urokinase; 1/3 of the total amount of the dose
is administered as a bolus, and the remainder
as a continuous infusion over the subsequent
1-2 hours. The main hindrance to the wider
use of this technique is the extreme sensitivi-
ty of the cerebral tissue to anoxia, which
leaves a very small time margin between on-
set and the start of treatment, and the poten-
tial risk of peripheral non-cerebral and cere-

bral haemorrhagic complications (Fig. 1.104).
The procedure requires a high degree of spe-
cific physician experience and a high level of
organization of the medical and paramedical
team involved. It is therefore typically only
performed in highly specialized centres and in
selected patients. However, statistics reveal
encouraging figures for this technique. By re-
specting rigid patient selection criteria, re-
canalization of the occluded vessel varies from
44% to 100% of cases, and partial or total re-
gression of the clinical picture is observed in
31% - 100% of cases (3, 7, 22).

b) Until recently, percutaneous angioplasty,
has found fertile ground in areas of the body
outside the brachiocephalic region. The con-
tinuous technical evolution of the materials
used (e.g., small calibre PTA catheters, thin-
ner guide wires and flexible stents), the expe-
rience gained in other body regions and the
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Fig. 1.102 - (a-c) Intraparenchymal haemorrhage. a) CT: volu-
minous intraparenchymal haematoma in right temporoparietal
position of recent onset, with intraventricular expansion. (b-c)
Selective catheterism of the right internal carotid artery, early
and late arteriographic phase of same case: arteriovenous mal-
formation (arrow) sustained by branches of the middle cerebral
artery and the rear choroid arteries, with venous drain through
ascending superficial veins (arrowheads).a

b c



perfection of medical support have made it
possible to extend PTA to the supraaortic ves-
sels, albeit with application and selection cri-
teria that are yet to be universally accepted. It
may be that PTA is not absolutely required in
hyperacute emergency situations, however, it

may be useful to perform this therapeutic pro-
cedure in a timely manner subacutely in pa-
tients with rapidly worsening transient is-
chaemic syndromes, when preceding angiog-
raphy demonstrates the presence of a severe
stenosis that is felt to be responsible for the
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Fig. 1.103 - (a-d) Subarachnoid haemorrhage. a) CT: subarachnoid blood expansion, at the occipital region of the cortical sulci (ar-
rows). b) selective catheterism of the left vertebral artery (same case): small aneurysm of the left posterior cerebral artery, near to the
start of the temporooccipital artery (arrow). c) selective catheterism of the left internal carotid artery: small sac-shaped aneurysm of
the anterior communicating artery (arrow). d) selective catheterism of the left internal carotid artery: aneurysm of the anterior com-
municating artery (arrowhead); spasm of the anterior cerebral artery (arrow).
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clinical picture; in such cases one may logical-
ly predict the vessel’s rapid evolution to com-
plete occlusion and perhaps resulting frank
cerebral infarction. In some specialized cen-
tres, PTA of the supraaortic vascular branch-
es is performed at the origins of the supraaor-
tic vessels (Fig. 1.105) and within the vertebral
arteries, the extracranial and sometimes even
the intracranial segments of the internal
carotid arteries (Fig. 1.106), and the first or-
der branches of the major cerebral arteries. Al-
though experience in this field is still some-
what limited, it is widely held that PTA rep-
resents a valid alternative to thromboen-
darterectomy, at least in patients who are at
high surgical risk or who present with stenoses
that are difficult to access surgically; however,
it may well become more widely used as more
sophisticated materials and instruments are
made available.

Recent statistics have shown that PTA en-
ables the recovery of vascular patency in more
than 90% of cases; in the remaining 10% a
modest residual stenosis remains. The frequen-
cy of intra- or postangiographic complications
is relatively low (minor infarction: 1.6%, major
infarction: 0.9%), as is the procedural death
rate (0.4%) (1, 5, 6, 10-12, 19).

It should also be pointed out that emer-
gency PTA can sometimes be performed on
patients with subarachnoid haemorrhage
caused by cerebral aneurysm rupture, where
the clinical picture is dominated by the is-
chaemia caused by the vasospasm. It has been
found that the arterial spasm responds well to
dilation. Such patients are first treated with in-
traarterial papaverine (150-300 mg in 100 cm3

of physiological solution injected over 30 min-
utes) using a microcatheter that is introduced
into the cerebral artery as far as the vascular
spasm to be treated. In cases where papaver-
ine treatment is unsuccessful, PTA is used first
(Fig. 1.107) (4, 13, 14, 17).

In cases of subarachnoid haemorrhage, PTA’s
largest contribution to interventional radiology is
in the percutaneous treatment of cerebral
aneurysms using Guglielmi detachable coils
(GDC). This widely used treatment is the most
recent and perhaps the most fascinating and
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Fig. 1.104 - (a, b) Intraarterial fibrinolysis. a) selective catheter-
ism of the left vertebral artery: acute thromboembolic occlu-
sion of stretch V3, with impossibility of viewing the basilar
stem and the posterior circulation (arrow tips). b) check-up af-
ter fibrinolytic treatment: complete recanalization of the verte-
bral artery with opacification of the basilar stem and posterior
circle (arrowheads)

a

b



promising interventional radiological technique
in the neurological field. Through femoral arteri-
al access, selective vascular catheterization into
the specific vessel off of which the aneurysm orig-
inates is performed; using a microcatheter to se-
lectively enter the lumen of the aneurysm, GDC’s
are introduced into the sack until a preferably
complete occlusion is obtained. The technique’s
degree of invasiveness, if compared to surgical

clipping, is far lower and the procedure is far eas-
ier for patients in any condition to tolerate. How-
ever, patients to be subjected to this treatment
must be carefully chosen. The best results are ob-
tained for small diameter aneurysms with narrow
necks (90% success rate with low mortality and
morbidity rates) (Fig. 1.108).

Obviously, this kind of procedure achieves
the best results when practiced under ideal
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Fig. 1.105 - (a-d) Angioplasty of the left subclavian artery. (a-c) Aortogra-
phy in early and late stages: suboccluding stenoses at the start of the left
subclavian artery (arrow); in a and b, non-opaque homolateral vertebral ar-
tery; c) late opacification, against the stream of the homolateral vertebral
artery (theft) (arrows). d) Check-up after angioplasty (same case): complete
dilation of the stenotic tract (arrow); swift opacification of the homolateral
vertebral artery (arrows).

a b c

d



conditions; however, it can still be used in
emergency situations. According to Moret, of
124 cases presenting with subarachnoid haem-
orrhage related to ruptured aneurysms, 21 were
treated in emergency conditions (17%), with a
global success rate of coil embolization of 79%
(9, 15, 16, 21).

CONCLUSIONS

In short, cerebral angiography offers a
wide range of practical opportunities for use
in the field of neurological emergency, and
the role of this technique applied to various
clinical situations is extremely varied. How-
ever, it should be pointed out how the role of
angiography has changed in recent years both
with regard to use in emergency and routine
clinical conditions, thanks mainly to the in-
vention of new imaging techniques. Angio-
graphic semeiotics itself has also changed,
and unfortunately a portion of its refined se-
meiological knowledge has gradually been
forgotten. At the same time, the angiograph-
ic radiologist’s role has also changed. From a
certain point of view his or her task has be-

come increasingly straightforward due to the
technical advances made in angiographic ap-
pliances, and the sophistication of the instru-
ments used have made angiographic examina-
tions safer and more patient tolerable. In ad-
dition, newer imaging techniques have great-
ly simplified angiography’s diagnostic role. 

However, from other points of view, the ra-
diologist’s task has become more complex, due
in part to the vast range of imaging techniques
currently available. The imaging specialist’s ap-
proach to any type of pathology has now be-
come multidisciplinary, which makes obtaining
sufficient expertise and experience with all the
various diagnostic techniques and then choos-
ing the optimal diagnostic-therapeutic pathway
somewhat taxing.

However, the powerful development of in-
terventional radiology has also made the ra-
diologist’s task more delicate by requiring a
thorough knowledge of both routine and
emergency clinical problems, a continuous
upgrading of his knowledge of appliances
and instruments that are themselves under-
going constant evolution, and familiarity with
the use of a vast number of pharmacological
preparations.
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Fig. 1.106 - (a, b) Angioplasty of the internal carotid artery. Selective catheterism of the right internal carotid artery. 33 year-old pa-
tient with history of cerebral ischaemia. a) Segmentary stenosis at the passage between the extra- and intracranial tract, probably of a
fibrodysplasic nature (arrow). b) Check-up after angioplasty (same case): complete resolution of stenosis.

a b
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Fig. 1.107 - (a, b) Angioplasty of the middle cerebral artery. a) Selective angiography of the right internal carotid artery: serrated spasm
post SAH of the M1 stretch of the middle cerebral artery (arrow) in patient operated for an aneurysm on the posterior communicat-
ing artery. b) Check-up after papaverine + PTA: complete resolution of the spasm with patent vessel of a good calibre (arrow tip).

Fig. 1.108 - (a, b) Aneurysm embolization with Gugliemi’s detachable coils. a) Selective angiography of the left vertebral artery: 1 cm
aneurysm of the apex of the basilar artery (arrow). b) Check-up after embolization: complete occlusion of the aneurysmatic sack with
well-compacted spirals (arrow tips).

a b

a b
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Overall, trauma represents the most fre-
quent cause of death and permanent disability,
with an annual incidence of 0.2-0.3% and with
peak incidence in the 15-24 year age band (1).
In the United States alone, approximately 2
million head injuries occur annually, of which
some 10% are fatal. Approximately 5-10% of
survivors experience neurological deficits of
varying degrees (1, 4, 5). The most common
causes of trauma are road accidents, firearm in-
juries, falls and assaults.

The brain lesions resulting from cranial
trauma are usually classified as being either
primary or secondary, according to how di-
rectly they correlate to the traumatic event (4,
20, 22, 29). Primary lesions include fractures
of the skull, extraaxial haemorrhages (e.g.,
epidural haematoma, subdural haematoma and
subarachnoid haemorrhage) and intraaxial le-
sions (e.g., diffuse axonal injury [DAI], corti-
cal contusion, deep grey matter injury and in-
traventricular haemorrhage). Secondary lesions
are constituted by pathological processes that
occur due to the brain’s response to the pri-
mary trauma and are generally more clinically
devastating than primary ones. Secondary brain
lesions include internal cerebral herniation, dif-
fuse cerebral oedema, infarction and secondary
haemorrhage (4, 20, 22, 29). Yet other lesions
are the result of sequelae of severe cranial trau-

ma; these changes are represented by pneu-
mocephalus, CSF fistulae, leptomeningeal
cysts, lesions of the cranial nerves, diabetes in-
sipidus secondary to pituitary axis injury, cor-
tical atrophy and encephalomalacia (9).

In recent decades, considerable progress has
been made in the diagnosis and management of
cranial trauma patients. The application of
Computed Tomography (CT) has resulted in a
revolution in head injury diagnosis, making it
possible to detect cases suitable for surgical
treatment in a rapid, non-invasive manner (6, 7,
11, 12, 14). Its near-universal availability in hos-
pitals, the speed with which examinations can
be conducted, the general absence of con-
traindications to emergency patient scanning,
and its sensitivity in diagnosing haemorrhagic
collections make CT the imaging technique of
choice for the initial assessment of patients with
acute head injuries (4, 22, 32, 33). Further ad-
vantages offered by this technique are found in
its high spatial resolution allowing the possibil-
ity of documenting even the thinnest fractures
and those located in critical positions such as
the base of the skull or the temporal bone, and
in identifying small splinters of metal or tiny
fragments of bone displaced into the cranial
cavity (24, 31). The drawbacks of CT include
its limited sensitivity in studying small traumat-
ic lesions in the inferior posterior fossa or else-
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where adjacent to the base of the skull, these
limitations being principally due to bone arte-
facts generated by the technique. CT also has a
relatively low sensitivity in the identification of
small non-haemorrhagic lesions of the cerebral
cortex, white matter and brainstem (4, 10, 20,
21, 23). However, these limitations do not pre-
vent CT from identifying the nature, size and
site of the most clinically significant acute
phase traumatic brain lesions and from decid-
ing whether or not surgical intervention is re-
quired (4, 22, 32, 33).

Magnetic Resonance Imaging (MRI) plays a
limited role in the acute phase of cranial trau-
ma, given its higher cost, relatively limited
availability, longer examination times, lower
sensitivity in recognising fractures, patient con-
traindications (internal electronic pacemakers,
etc.) and the practical difficulty of effectively
monitoring patients with severe clinical condi-
tions requiring external support devices (4, 8).
MR is also limited by problems encountered in
recognising acute phase haemorrhages (e.g.,
oxy- and deoxyhaemoglobin within hyperacute
haemorrhages) and small bone fragments dislo-
cated into the skull. The use of MR in emer-
gency situations also entails certain intrinsic
risks, for example those linked to the difficulty
in ascertaining the presence of electronic pace-
makers in unconscious trauma patients.

Technological progress has to some extent
reduced the drawbacks associated with long
examination times and the difficulties in using
instruments to monitor the patient’s vital pa-
rameters during the MR examination. The use
of fast scanning sequences (e.g., fast spin-echo,
gradient-echo, echo-planar) has considerably
reduced the amount of time required to per-
form MR studies, to the point where it is now
possible to perform a basic MR scan in less
than ten minutes. This scan protocol may in-
clude a T1-weighted spin-echo sequence, a T2-
weighted fast spin-echo sequence and a T2*-
weighted gradient-echo sequence, the latter be-
ing particularly sensitive to haemorrhagic ex-
travasations. It must also be pointed out that
considerable progress has been made in the de-
velopment of new non-ferromagnetic alloys
employed in the manufacture of electronic

medical instruments used for vital parameter
monitoring and life support, so that they are
now compatible with MRI (4, 8).

MRI has greatest diagnostic sensitivity in
many of the very cases in which CT encounters
some of its greatest limitations. Given its
greater sensitivity in the diagnosis of diffuse
axonal injury (DAI), small cortical contusions
and primary and secondary traumatic brain-
stem lesions, MRI is also used as a complement
to other imaging methods in the acute phase of
trauma, especially in patients with clinical
signs and symptoms but with minor or absent
CT findings (4, 20, 21). MR examinations are
also suitable in subacute and chronic phase
cranial trauma for the purpose of evaluating
secondary lesions and other sequelae.

In the area of cranial trauma diagnosis, digi-
tal angiography currently plays only a marginal
role and is principally utilized for cases in
which traumatic vascular lesions are suspected
(e.g., vascular dissections, lacerations, occlu-
sions, pseudo-aneurysms and arteriovenous fis-
tulae).

NEURORADIOLOGICAL PROTOCOLS

Although any diagnostic approach must be
tailored to suit the requirements of each pa-
tient, some general guidelines can be identified
to aid in the establishment of which technique
is most suitable. Defining an efficient and effi-
cacious diagnostic protocol requires compro-
mising between the choice of a technique guar-
anteeing high diagnostic sensitivity and the lim-
itations imposed on the number and complexi-
ty of the diagnostic examinations that can be
performed.

Although CT is the examination technique
of choice in cranial trauma, not all authors
agree on the necessity of performing CT in
asymptomatic patients with previous minor
cranial traumatic incidents, the need for com-
plementing CT examinations with MR scans in
patients with intermediate or serious head in-
juries and the real contribution of traditional
skull x-rays in patients with head injuries of any
degree.
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The choice of a specific imaging technique
to be employed must be preceded by a defini-
tive clinical evaluation of the patient. The most
commonly used method for evaluating head in-
jury patients is the Glasgow Coma Scale (GCS),
based on a progressive score attributed to the
patient’s ability to open his/her eyes, perform
movements and verbally respond to external
stimuli (13, 22, 28) (Tab. 2.1). The degree of
severity of the trauma is classified in three cate-
gories according to the GCS score: mild trauma
for a GCS score of 13-15; moderate trauma for
a GCS score of 12-8 and severe trauma for GCS
scores lower than 8.

Patients with mild head trauma (GCS 13-15)
usually complain of headaches and transient
mental confusion or disorientation (30) and, by
definition, they do not exhibit persistent prob-
lems with consciousness (30). Some authors
hold that it is sufficient to keep patients with
such mild degrees of cranial trauma under ob-
servation, and furthermore that they do not re-
quire imaging studies (18). On the contrary,
others believe that mild head injuries warrant at
a minimum a CT examination, because despite
the paucity of symptoms, traumatic brain le-
sions may be observed (19, 27). In a recent sur-
vey conducted on 1,170 mild cranial trauma pa-
tients (GCS = 15), CT demonstrated the pres-
ence of brain lesions in 3.3% of cases, of which
18 in number were intracranial bleeds; in 1.8%
the CT examination altered the treatment pro-
gramme, and in four cases surgery was per-
formed (19). The same authors also stressed the
prognostic value of a negative CT examination:
in the same patient sample, none of the patients
with negative CT scans experienced clinical de-
terioration. The authors therefore believe that
it is not necessary to keep asymptomatic mild
head trauma patients under observation in the
setting of negative CT findings (19). Patients
with mild trauma can reveal skull fractures, 
as well as extraaxial and intraparenchymal
haematomas, lesions that are usually clearly
documented on CT images. Although MR is
slightly more sensitive than CT in demonstrat-
ing extraaxial haematomas, those that are not
detected by CT are small and generally do not
require surgery (4). The diagnostic sensitivity of

MR is clearly superior to that of CT in cases of
small, non-haemorrhagic lesions (e.g., DAI,
bland cortical contusions), but the recognition
of this type of lesion in minor head trauma pa-
tients does not alter the therapeutic manage-
ment nor the clinical outcome (18, 30).

Patients with moderate (GCS = 8-12) and
severe (GCS< 8) head trauma share a number
of clinical and therapeutic characteristics, and
for the sake of simplicity they will be consid-
ered as a single group (4). It should be point-
ed out that before commencing any diagnos-
tic examination, the stabilization of the pa-
tient’s respiratory and circulatory systems
must be ascertained, ensuring the freedom of
the airways (with intubation, if necessary), cer-
vical spine stabilization (in case of underlying
fracture/subluxation), respiratory function
(face mask with high flow O2; controlled ven-
tilation if the patient is intubated) as well as
their haemodynamic condition (e.g., identifi-
cation and treatment of serious internal and
external haemorrhaging; volemic restoration
with isotonic solutions or plasma expanders).
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Tab. 2.1 - Glasgow Coma Scale (GSGS)

Best Eye Response
• Eyes open spontaneously
• Eye opening to verbal command
• Eye opening to pain
• No opening of eyes

Best Motor Response
• Obeys commands
• Localising pain
• Withdrawal from pain
• Flexion to pain
• Extension to pain
• No motor response

Best verbal Response
• Oriented
• Confused
• In appropriate words
• Incomprehensible sounds
• No verbal response

Mild cranial trauma GCS = 13 - 15
Moderate cranial trauma GCS = 9 - 12
Severe cranial Trauma GCS = 1 - 8



Once the patient’s clinical stability has been
ascertained, the neurological examination may
commence with the evaluation of the GCS,
pupillary analysis and the evaluation of later-
alizing signs, as well as with a general clinical
examination for the identification of any oth-
er non-cranial traumatic lesions. Patients with
moderate and severe head injuries usually suf-
fer from disorders of consciousness, often as-
sociated with focal neurological deficits. In
such cases, the fundamental question to be
answered is whether the patient has an in-
tracranial haematoma that requires surgery; at
present CT is the only technique that is able
to exclude this type of lesion rapidly and with
sufficient reliability.

Once the need for emergency surgery has
been eliminated, certain authors recommend
performing an MR examination during the
first two weeks of the traumatic event in pa-
tients with moderate to severe head injuries.
MR has a far greater sensitivity than CT in
diagnosing DAI, small cortical contusions
(especially when non-haemorrhagic) and
brainstem lesions, conditions that usually
demonstrate minor or completely negative
CT findings that may contrast considerably
with the impaired clinical picture. In such
cases, MR permits a more accurate evalua-
tion than does CT with regard to the extent
of the involvement of the encephalon and the
brainstem, thus offering important informa-
tion on possible clinical evolution and out-
come (3, 5).

It should be remembered that although
clinical indicators such as the GCS are useful
instruments in establishing the patient’s clini-
cal condition, they do not provide significant
information on the actual lesion(s) underlying
the signs and symptoms, the prognosis or the
patient’s clinical evolution. Low GCS scores
can be obtained from a number of different
brain injuries that ultimately are responsible
for vastly different clinical evolutions. Prior to
the advent of MRI, diagnostic studies had lit-
tle impact on prognosis; for example, many au-
thors have highlighted the poor prognostic val-
ue of CT findings (2, 3, 12). CT’s poor sensi-
tivity in documenting non-haemorrhagic le-

sions of the brain is believed to be partly re-
sponsible for the poor correlation between CT
findings and clinical evolution, which appear
to be much better correlated with MRI find-
ings (3).

In particular, the number of DAI lesions
would appear to be inversely correlated with
the GCS score in the long term; whereas 80%
of patients without DAI recover well, only
27% of those with more than 10 lesions have
a good prognosis (3). Conversely, the number
of cortical contusions and the presence of iso-
lated subdural or epidural haematomas do not
appear to be statistically correlated with clini-
cal evolution, unless associated with significant
mass effect (e.g., transtentorial cerebral herni-
ation and brainstem compression) (3). Signs of
brainstem compression and intrinsic brainstem
lesions typically suggest a very severe progno-
sis, especially when observed in combination.

It should be pointed out that most au-
thors agree that it is not necessary to per-
form skull x-rays for the purpose of diag-
nosing fractures (15, 17, 20, 25, 26). The
presence or absence of fractures is often not
indicative of the gravity of the underlying in-
jury of the brain. Skull fractures can in fact
be isolated and are not necessarily associat-
ed with intracranial haematomas; converse-
ly, the absence of fractures does not exclude
the possibility of serious brain damage: in
25-30% of patients with moderate and se-
vere trauma and brain lesions, the skull is
not fractured (16). Fractures shown on x-
rays do not therefore necessarily indicate
brain damage, nor is the absence of such
fractures reassuring with regard to the pa-
tient’s normality (15, 17). In short, the diag-
nosis of fractures is not as important as is
the identification of depressed fractures, in-
tracranial dislocation of bone fragments,
fractures in critical positions such as the
temporal bone and base of the skull (which
can be associated with fluid fistulae and vas-
cular lacerations or fistulae) and associated
intracranial lesions (especially intra- and ex-
traaxial haematomas). In all such cases, CT
offers diagnostic potential that is far superi-
or to conventional x-ray examinations.
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INTRODUCTION

Trauma constitutes the most frequent cause
of death and permanent disability in the west-
ern world (3, 20). For example, each year in the
United States of America alone, some 2 million
incidents of head injury occur (9), representing
the most frequent cause of death among chil-
dren and young adults (3, 20). Annual mortali-
ty from head injuries is estimated to be 25 per
100,000 population and is four times higher in
males than females (2, 4). In the United States,
20-50% of head injuries are the result of road
traffic accidents, 20-40% of firearm injuries,
and assault or falls in the remainder (2, 4). Falls
are particularly dangerous in children under
ten years of age and the elderly, representing
approximately 75% of all head injuries in the
preschool population (2, 4).

Head injuries can be classified as open or
closed, depending on whether or not the dura
mater is intact (11, 12, 26). Closed cranial trau-
mas are the more frequent of the two types and
produce violent accelerations of the brain tis-
sue, which are responsible for tissue contusion
and vascular laceration at both the site of the di-
rect trauma as well as on the opposite side.
Among other injuries, skull fractures, extracere-
bral intracranial haemorrhages and parenchy-
mal lesions are typically observed alone or in

varying combinations. Open head trauma in-
cludes lesions of the skull such as depressed
fractures associated with interruptions of the
dura mater, and intracranial lesions secondary
to the action of penetrating foreign bodies or
dislocated calvarial fracture fragments. 

Brain lesions can also be divided into primary
and secondary categories according to how
closely they are linked to the traumatic event (3,
20, 22, 26). Primary lesions include skull frac-
tures, extraaxial haemorrhages (e.g., epidural
and subdural haematomas and subarachnoid
haemorrhages) and intraaxial lesions (e.g., dif-
fuse axonal injury [DAI]), cortical and deep grey
matter contusion [bland or haemorrhagic], and
intraventricular haemorrhage) (Tab. 2.2). Sec-
ondary lesions are caused by pathological
processes that arise from the brain’s response to
the trauma, as a complication of the primary
traumatic brain lesions or as neurological in-
volvement associated with systemic extracranial
trauma (Tab. 2.3). In general, the secondary
types of trauma are more clinically devastating
than are the primary brain injuries. They are
generally caused by compression of the brain,
cranial nerves and blood vessels against the bony
cranial structures and the non-expandable dural
margins. Secondary brain injuries include cere-
bral herniations, diffuse cerebral oedema, infarc-
tion and secondary haemorrhages (3, 20, 22, 26).
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In the study of acute head injuries, CT cur-
rently represents the diagnostic methodology
of choice (3, 7, 20, 22, 28). Its ability in dis-
tinguishing between minor differences in tis-
sue density, its high spatial definition, capaci-
ty to demonstrate even very subtle or critical-
ly positioned (e.g., base of the skull, temporal
bone) fractures, fast scanning times and com-
patibility with life support devices all con-
tribute to making CT the most suitable tech-
nique in acute phase head injury evaluation (3,
7, 20, 22, 29).

TECHNIQUES

Despite the speed with which CT must be
performed in emergency conditions, head in-
juries warrant the observance of certain techni-
cal and methodological parameters that ensure
diagnostic efficiency and the reproducibility of
the results in the event of serial evaluations (14,
22, 29).

Caution is required when positioning the pa-
tient on the CT bed, taking care that any tubes
and electrode cables are sufficiently long to en-
able suitable scan table indexing during the
scan. Particular care must be observed in posi-
tioning the patient’s head in the supine posi-
tion: the chin must be extended in order to pre-
vent breathing difficulties. And, to prevent a
potential cervical spinal cord injury resulting
from a suspected or occult unstable spinal col-
umn fracture-dislocation, immobilization of the
head and cervical spine should be undertaken.

The CT examination begins with a projection
digital scanogram that includes the cervical
spine. This serves to define the scanning limits
for an evaluation of skull vertex fractures, gross
subluxations and fractures of the cervical spinal
column, gross soft tissue alterations and for the
recognition of any radioopaque foreign bodies.
The CT scan gantry should be oriented along
the orbitomeatal plane, or alternatively along the
so-called horizontal “German plane” parallel to
the hard palate, and should be directed in such
a way as to avoid if possible sectioning through
any metal foreign bodies (e.g., dental fillings,
etc.) that might be likely to cause beam-harden-
ing artefacts (5, 7, 22, 29). The examination con-
tinues with contiguous 5 mm-thick axial slices
through the structures of the posterior fossa and
then concludes with a stacked series of 10 mm-
thick axial slices through the cranial vertex to
cover the supratentorial structures (5, 7, 22, 29).

For small lesions or in order to visualize frac-
tures at the base of the skull, the acquisition of
2-3 mm sections is recommended. Coronal
scans may be required at a later point beyond
the emergency period in order to identify or ex-
clude fractures at the base of the skull, the bony
orbit and the petrous bone, and for visualization
of parenchymal or bony lesions adjacent to the
vertex. It should also be pointed out that coro-
nal scans require optimal patient cooperation
and should only be performed when it is ab-
solutely certain that there are no fractures/insta-
bility of the cervical spine or at the atlanto-oc-
cipital junction.

When an otorrhagia or acute paralysis of the
facial nerve suggests a fracture of the temporal
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Tab. 2.2 - Primary traumatic cranioencephalic lesions.

1) Fractures

2) Intraaxial lesions
a) diffuse axonal injury (damage)
b) cortical contusion
c) intraparenchymal haematoma
d) intraventricular haemorrhage
e) lesions of the deep grey matter
f) brainstem lesions

3) Extraaxial lesions
a) epidural haematoma
b) subdural haematoma
c) subarachnoid haematoma
d) subdural hygroma
e) vascular lesions

Tab. 2.3 - Secondary traumatic cranioencephalic lesions

1) Cerebral herniation
2) Diffuse cerebral oedema
3) Posttraumatic ischaemia
4) Posttraumatic infarction



bone, the examination must be completed with
a detailed study of the petrous bone using thin
slices (1-2 mm), a reduced field of view (FOV)
and utilizing bone reconstruction algorithms
(14, 24, 29).

Generally speaking the examination should
be filmed/reviewed using window and level val-
ues that permit an optimal viewing of the cere-
bral parenchyma (e.g., 100 H.U. window and
40-50 H.U. level), and those that also enable vi-
sualization of the bony structures (e.g., 2000-
3000 H.U. window and 500-700 H.U. level). In
certain cases, especially for the visualization of
thin epidural or subdural haemorrhages, it is
advisable to film the examination with window
values equal to 200-350 H.U. and level values
equal to 40-80 H.U. in order to distinguish the
mildly hyperdense blood collection from the
adjacent bony hyperdensity (9, 15, 22, 28).

The intravenous administration of iodine con-
trast medium does not significantly improve the
diagnostic sensitivity of the examination in cases
of cranial trauma; in fact, it can conceal intracra-
nial haemorrhage, causing minor blood collec-
tions to be overlooked. The administration of
contrast agents is also usually avoided as it can
produce renal injury or even potentially worsen
brain function in patients with traumatic cerebral
lesions. However, the utilization of contrast media
can be useful in certain limited cases when better
definition of the dural venous sinuses is desired,
better visualization of chronic isodense subdural
haematomas is necessary, and above all, in order
to document simultaneous underlying pathology
such as neoplasia or AVM’s. Of course, intravas-
cular contrast media are required for performing
CT angiography in cases where there is a suspi-
cion of posttraumatic intracranial vascular pathol-
ogy (e.g., vascular lacerations, arteriovenous fistu-
lae and posttraumatic pseudo-aneurysms). In all
of these cases, MR may be more sensitive and is
sometimes preferable to CT.

Modern CT appliances with spiral (helical)
scanning capability greatly reduce the time re-
quired for scanning, these units acquiring the
entire scan volume in just a few seconds; when
acquired in sufficiently thin sections (e.g., 1-2
mm) these scans can then subsequently be re-
constructed in different spatial planes (1, 10,

22, 24). Helical scans are most useful in cases
where scanning time must be reduced to a min-
imum, such as in children or in non-coopera-
tive patients. It can also be very helpful when
there is a suspicion of lesions of the orbit or the
facial skeleton in which it is possible to quickly
obtain high resolution two- or three-dimen-
sional reconstructions (1, 10, 24).

It is useful, however, to stress that spiral CT
examinations can sometimes produce images
that simulate non-existent pathology, such as
minor subdural haematomas, in part due to the
partial volume averaging effects along the z-ax-
is of scanning. This kind of artefact appears
principally along sloping surfaces such as the
skull-brain interface over the frontoparietal
convexity (1, 10, 22).

Another type of artefact associated with spi-
ral CT that can simulate a chronic subdural
haematoma is the so-called “stairstep” artefact
that produces images with hypodense peripher-
al areas, especially at the skull vertex (1, 10, 22).
Such problems can be partly or completely re-
solved by reducing the collimation, the recon-
struction interval, the scan bed’s index speed
and/or the tube rotation speed (22). Recent re-
search shows that traditional, non-helical CT is
superior to spiral CT with regard to the sig-
nal/noise ratio, in visualizing the interface be-
tween white and grey matter and in observing
low contrast, small, complex structures (e.g.,
the internal capsule) (1).

In summary, the use of spiral CT in cases of
cranial trauma should be restricted to those
cases in which scanning time must be as brief as
possible, instances in which a three-dimension-
al study of the bony structures is required or
when CT angiography of intracranial circula-
tion is necessary.

SEMEIOTICS

PRIMARY TRAUMATIC LESIONS

Skull fractures

Skull fractures associated with cranial trau-
ma are common and are discovered in approx-
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imately 60% of all cases (20). The presence of
a fracture is not necessarily significant with re-
gard to the clinical severity of the trauma, nor
does the absence of a fracture exclude the pos-
sibility of severe brain damage; records show
that in 25-35% of patients with severe trauma
and underlying brain injury, no fracture is
present. For this reason, many practitioners
feel that x-rays aimed at diagnosing skull frac-
tures are superfluous with reference to patient
care (16, 20, 25). In addition to the parietal,
frontal and occipital areas, skull fractures can
affect the vertex or base of the skull. And, de-
pending on the intensity of the force applied,
they can be classified as linear fractures usual-
ly caused by lesser forces (Fig. 2.1), and com-
minuted and depressed fractures typically
caused by greater forces (Fig. 2.2) (16, 17, 22,
25, 29). Fractures of the skull base can be
caused by superficial or penetrating trauma,
the caudal extension of a fracture of the cal-
varia, or alternatively, the upward transmission
of traumatic forces along the vertebral column.
Although CT is sensitive in detecting these
types of lesions, thin, linear fractures and those
oblique/parallel to the plane of section can go
unnoticed (16, 17, 25). However, the practical
importance of fracture recognition is second-
ary, as efforts are principally concentrated on
the search for associated intracranial lesions.
Linear fractures are often associated with
epidural and subdural haematomas, whereas
depressed fractures are more frequently associ-
ated with focal parenchymal lesions adjacent to
the bony lesions (20).

In more severe cases, such as in open head
injuries that are often consequences of knife
or firearm wounds, fractures may be associat-
ed with a laceration of the dura mater and a
penetration of bone fragments, air or foreign
bodies into the cranial cavity (3, 20, 27). In the
study of such open head injuries, CT permits
the accurate localization of foreign bodies or
bone fragments in large part due to their rela-
tive high density (Fig. 2.3). CT also provides a
detailed picture of the spatial characteristics
of depressed fractures (Fig. 2.4) and at the
same time, documents any related cerebral le-
sions.

Lesions of the dura mater at the base of the
skull, associated with fractures of the adjacent
bone, can be complicated by a CSF fistula for-
mation, with consequent oto- and/or rhinor-
rhea (Fig. 2.5). In such cases, the site of the fis-
tula can be suggested by means of a detailed
study of the bone using high resolution CT.
This study should be performed employing ax-
ial slices to study fractures of the posterior wall
of the frontal sinuses and the petrous bone,
and coronal acquisitions to study ethmoid frac-
tures and also to supplement the evaluation of
petrous fractures.

In addition, fractures of the paranasal sinus-
es, the mastoid cells or the middle ear may re-
sult in the introduction of air into the sub-
arachnoid spaces or the cerebral ventricles
(pneumocephalus) (8, 27). These conditions
can occasionally behave as space-occupying le-
sions (e.g., pneumatocele formation) when a
valve mechanism is formed at the dural lacera-
tion resulting in a considerable increase in the
volume of intracranial air, and therefore will re-
quire treatment (Fig. 2.6).

Intraaxial lesions

Diffuse axonal injury

Diffuse axonal injury (DAI) is one of the
most common primary brain lesions associated
with severe trauma and accounts for approxi-
mately 48% of all traumatic intraaxial injuries
(3). DAI typically results from abrupt accelera-
tions or decelerations or when violent rotation-
al forces obtain causing a differential inertia be-
tween grey and white matter, between the cere-
bral hemispheric connecting structures or with-
in the diencephalon and brainstem with conse-
quential axonal stretching, twisting and tearing
(3, 20). Clinically, DAI is characterized by a loss
of consciousness beginning immediately at the
time of the trauma which can evolve into a co-
ma that is often irreversible (3, 13, 22). DAI is
the most severe of all primary brain lesions, be-
ing ahead in degree of severity of that of corti-
cal contusions, intraparenchymal haematomas
and extraaxial haemorrhages. Pathoanatomically,
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ball-shaped deformations of the damaged axons
can be observed; the lesions are not usually
haemorrhagic, although in 20% of cases they
can be associated with small haemorrhages re-
sulting from the rupture of penetrating arterial
vessels (3). DAI usually occurs in one of three
typical positions: the cerebral hemispheric
white matter, the corpus callosum and the dor-
solateral aspect of the midbrain. More precisely,
in approximately two thirds of cases the lesions

are located at the subcortical grey-white matter
junction in the frontotemporal region, 20% are
located in the corpus callosum (especially the
body and the splenium), and less frequently the
alterations affect the dorsolateral side of the
brainstem tegmen, the internal capsule, the thal-
amus and the caudate nucleus (20). During the
early phases of a traumatic injury, the CT pic-
ture is often normal despite the fact that the
clinical status is that of a seriously compromised
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Fig. 2.1 - (a-d) Recent head injury. Irregular hypodense cortical-subcortical areas are observed bilaterally in the frontal lobes; hyper-
dense haemorrhagic material is noted in the occipital horns of the lateral ventricles (a-b). Also seen is a frontal bone fracture line (c).
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patient; research indicates that alterations can
only be documented by imaging in 20-50% of
patients with DAI (3, 20, 24). The alterations
that can be documented by CT consist of small
haemorrhages and hypodense lesions that affect
the corpus callosum and the grey-white matter
junction of the cerebral hemispheres (Fig. 2.7).
Small haemorrhages also occur in the internal
capsule, in the periventricular grey matter and
in the dorsolateral quadrants of the brainstem,
the latter being a somewhat vulnerable area in
patients subjected to angular accelerations-de-
celerations. Although MRI also underestimates
the real extent of axonal damage in DAI relative
to the pathoanatomical findings, it is currently
the most sensitive imaging technique available
(3, 20, 21).

Cortical contusion

Cortical contusion is the second most fre-
quent form of parenchymal lesion following
DAI and represents approximately 45% of
all intraaxial primary traumatic injuries (3,
20). Unlike DAI, cortical contusion is less
frequently associated with loss of conscious-
ness and occurs following a violent traumatic
shaking injury of the cerebral tissue (3, 13). It
can occur secondary to linear accelerations of
the cerebrum that produce the typical coup
and countercoup parenchymal contusions, or
alternatively after angular accelerations that
produce cortical contusions resulting from
collisions of the brain against the inner sur-
face of the skull. As the grey matter is far
more vascularized than the white matter, cor-
tical contusions tend to be more frequently
haemorrhagic than do those lesions associat-
ed with DAI (7, 29). Pathoanatomically, these
contusions are characterized by isolated or
multiple foci of focal or linear microhaemor-
rhages of the cortical gyri. The lesions may be
associated with focal oedema resulting from
alterations of the permeability of the regional
capillaries and the walls of involved glial
cells. Petechial lesions, which are often com-
bined with overlying bony skull fractures,
tend to expand into more widespread haem-
orrhagic foci that often manifest 24-48 hours
after the trauma (3, 20, 29). Because the le-
sions are caused by the impact of the cerebral
parenchyma against the surrounding bony
structures, most contusions are located in
characteristic locations. In approximately
half of all cases, the lesions are situated with-
in the temporal lobes (especially in the
poles), over the lower surface of the frontal
lobes and in the cortex surrounding the Syl-
vian fissure (Fig. 2.8).

The CT appearance of cortical contusions
varies in part with the manner in which the le-
sions evolve over time. At the onset, the CT
picture can be negative because the lesions are
initially isodense, and therefore are impossible
to distinguish from the surrounding healthy
parenchyma. In other cases, early stage contu-
sions appear as small hypodense areas often in-
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Fig. 2.2 - (a, b) Demonstrated is a depressed fracture of the
right parietal bone.
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termingled with small hyperdense haemorrhag-
ic foci.

In serial CT scans performed 24-48 hours
following the trauma, the lesions become more
obvious due to the increase in oedema and the
resulting enlarging mass effect. The trauma
may also be responsible for frank damage to the
intracerebral vessels with consequent progres-

sive haemorrhagic extravasation (7, 29). There-
fore, it is important that repeat CT scans be
performed within the first 24 hours of the ini-
tial trauma to reassess the condition of the
brain for possible intervention. 

In such cases the CT shows areas of mixed
density due to a combination of hyperdense
haemorrhagic foci often in combination with
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Fig. 2.3 - (a-d) Open head injury caused by firearm, examined using a soft tissue (a, b) and bone (c, d) algorithm. One can clearly ob-
serve the bullet entrance hole (b, d) in a left paramedian parieto-occipital location, the bullet’s pathway that ends against the fractured
parietal bone (a-c), various metal and bone fragments which appear hyperdense a right parietal subdural haematoma, midline shift to
the left and obliteration of the cortical sulci (a, b).
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confluent hypodense non-haemorrhagic areas
(Fig. 2.8 a, b). The haemorrhagic component
gradually resolves and disappears completely
within 2-4 weeks (Fig. 2.8 c, d), whereas the
oedematous areas may persist for longer peri-
ods before complete recovery; alternatively, ir-
regular areas of hypodensity may remain indi-
cating residual encephalomalacia (Fig. 2.8 e, f),
and in some cases parenchymal cavitation oc-
curs (3, 20).

Traumatic intraparenchymal haematoma

Intraparenchymal haematomas are usually
caused by combined torsion and compression
forces applied to the intraparenchymal vessels,
causing them to rupture; less frequently they are
a consequence of direct vascular damage in-
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Fig. 2.4 - (a, b) Open head-facial injury caused by road traffic
accident. Multiple fractures of the left orbital, ethmoidal and
frontal bones are noted, with fluid within the ethmoid air cells
and frontal sinus (a, b).

Fig. 2.5 - Fracture of the left petrous bone, with fluid within the
mastoid air cells (arrows).

a

b

Fig. 2.6 - Frontal head injury caused by road traffic accident
with fractures of the walls of the right frontal sinus and the for-
mation of an air-fluid level.



curred from penetrating injuries. These haem-
orrhages vary in dimension from a few mm to
several cm and occur in 2-16% of all head injury
patients (3). Haematomas can occur acutely,
typically due to primary vessel rupture, or may
appear sometime after the trauma, as a result of
the confluence of multiple small laceration-con-
tusion foci; CT scans performed in such cases
immediately after the traumatic incident may be
completely negative. Unlike patients with DAI

or cortical contusion, trauma patients with sin-
gle intraparenchymal haematomas may not lose
consciousness; in 30-50% of cases these pa-
tients remain lucid for the entire duration of
the clinical outcome (3, 15). Signs and symp-
toms in parenchymal haematomas and their
clinical evolution are similar to those observed
in extraaxial haematoma patients, with the ex-
ception of large or temporal lobe haemorrhages
that have an unpredictable outcome; even
when small, these haematomas can cause brain-
stem damage due to associated transtentorial
herniation (3, 7, 29).

Intraparenchymal haematomas usually oc-
cur in the same or nearly the same position in
which the primary trauma was applied to the
cranium as a typically well-circumscribed hy-
perdensity with or without a rim of perilesional
oedema, depending upon the time of the CT
acquisition relative to the traumatic incident
(acute: no perilesional oedema; subacute: per-
ilesional oedema; Fig. 2.9). These haematomas
are frequently observed within the frontal and
temporal lobes. Up to 60% of cases are asso-
ciated with extradural haematomas, either epi-
or subdural in location. If the haematoma de-
velops in a periventricular position, it can rup-
ture into the cerebral ventricles. Larger haem-
orrhages result in considerable mass effect and
have the added risk of downward transtento-
rial internal herniation of cerebral and brain-
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Fig. 2.7 - (a-c) Diffuse axonal injury (damage). Multiple hyper-
dense foci are observed with haemorrhage and compression of
the white-grey matter junction bilaterally (arrow heads).
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stem tissue through the tentorial incisura, or
even the possibility of herniation of the cere-
bellar tonsils through the foramen magnum
later in the process of haemorrhagic expan-
sion. Clinically it is not always easy to distin-
guish intraparenchymal haemorrhage from
DAI or parenchymal contusion; this differen-
tial diagnostic difficulty probably accounts for
the marked variability in the clinical evolution
statistics as reported in the literature (3). The
prognosis for isolated intraparenchymal haema-
tomas is fairly good, but worsens considerably
with increasing degrees of mass effect or when
it is associated with DAI or haemorrhages in-
to the basal ganglia.

Intraventricular haemorrhage

Traumatic intraventricular haemorrhage is
somewhat uncommon and is only present in 1-
5% of closed head injuries; it is usually a con-
sequence of particularly severe trauma and
tends to be associated with DAI and traumatic
lesions of the deep grey matter and brainstem.
The clinical prognosis is generally poor (3, 13,
20, 22). CT shows hyperdense intraventricular
collections, which may or may not have associ-
ated fluid-fluid levels. Intraventricular haemor-

rhages are occasionally seen in combination
with choroid plexus haematomas, haematomas
of the deep grey or white matter and subarach-
noid haemorrhage (Fig. 2.22c).

Traumatic lesions of the deep grey structures
and the brainstem

This type of lesion is caused by stretching
and torsional forces that cause the rupture of
small perforating vessels, or by the direct im-
pact of the dorsolateral surface of the brain-
stem against the tentorial incisura. These le-
sions are less frequently observed than those

mentioned in the preceding sections and repre-
sent approximately 5-10% of primary traumat-
ic pathology (3, 20, 22). They are associated
with severe clinical states, and usually have un-
favourable prognoses. Depending upon the
clinical severity, CT can be entirely negative or
may show relatively minor findings, including
small haemorrhages in the areas of the brain-
stem surrounding the cerebral aqueduct and in
the basal grey nuclei. As compared to CT, on
MRI these types of lesions appear relatively
more clearly.
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Tab. 2.4 - Comparison between subdural and epidural haematomas

EPIDURAL HAEMATOMA SUBDURAL HAEMATOMA

Incidence 1-4% of trauma cases; 10-20% of all trauma cases;
10% of fatal trauma cases 30% of fatal trauma cases

Aetiology Associated fractures in 85-95% of cases; Tearing of the cortical veins of the pons
Laceration of middle meningeal 

artery/dural venous sinus in 70-80% of cases.

Site Between skull and dura mater; Between dura mater and arachnoid mater;
Crosses the dura mater Crosses the cranial sutures but not the dura mater;

but not the cranial sutures; 95% are supratentorial;
95% are supratentorial 5% are bilateral

5% are subtentorial;
5% bilateral

CT findings Biconvex (lens) shape; Acute: 60% hyperdense;
Shifts the white-grey matter interface; 40% mixed (hyper-/hypodense)

66% are hyperdense; Subacute: isodense;
33% are mixed (hyper-/hypodense) Chronic: hypodense

Crescent shape;



Extraaxial traumatic lesions

Epidural haematomas 

Overall, epidural haematomas are present in
1-4% of head injury cases, and in 10% of fatal
cranial head injuries. These injuries are quite
rare in patients over 60 years of age, because of
the increased adherence of the parietal dura
mater to the overlying inner table of the skull
(Tab. 2.4). 

Epidural haematoma patients may present
with few or minor signs and symptoms. In al-
most 50% of all cases there is a typical interval
of mental lucidity between the traumatic event
and the onset of severe neurological deteriora-
tion or coma (3, 13). In 10-30% of cases, the
imaging findings may first appear and even
progress over the first 24-48 hours following
the traumatic incident (20, 22). 

Epidural haematomas are situated between
the dura mater and the internal bony table of the
skull, and they are almost always associated with
skull fractures (Fig. 2.10). On occasion,
parenchymal countercoup lesions may be ob-
served on the side of the cranium opposite to the
primary traumatic blow (3, 20, 22). These
haematomas are often secondary to lacerations
of the middle meningeal artery (when in the tem-
poroparietal region), or more rarely, tears of the
cranial veins such as the diploic and meningeal
veins, and the dural venous sinuses. In this latter
case, the epidural haematoma straddles the mid-
line when the sagittal venous sinus is involved
(direct coronal acquisitions or scans reconstruct-
ed in the coronal plane may be required for pre-
cise demonstration); alternatively, the epidural
haemorrhage may extend between the supra-
and infratentorial compartments, if the lateral
dural venous sinuses are involved. Arterially fed
epidural haematomas are typically observed in
the acute phase because they grow under arteri-
al blood pressure, thus compressing the brain
and resulting in early downward internal cere-
bral herniation coupled with rapid clinical dete-
rioration and eventual coma (7, 29). Venous
epidural haematomas are usually small by com-
parison as the accumulation of blood takes place
under relatively low venous pressure. Larger ve-

nous epidural haematomas are typically seen
when resulting from the rupture of one of the
larger dural venous sinuses. The CT density of
the extraaxial blood collection depends in part
upon the phase in which the haematoma is im-
aged. In the acute phase, epidural haematomas
appear as homogeneously hyperdense lesions,
with a biconvex or lens shape; the varying mass
effect can be observed in the contralaterally dis-
placed ventricular and extraventricular CSF
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Fig. 2.8 - (a-f) Temporal evolution of contusive haemorrhagic
focus. (a-b) CT examination a few hours following trauma: ir-
regular haemorrhagic foci are seen in both frontal lobes and in
right temporal-parietal region with the obliteration of the ipsi-
lateral Sylvian fissure cistern. 
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spaces (Figs. 2.10 and 2.11). Rarely epidural
haematomas can have an isodense appearance
immediately subsequent to the traumatic inci-
dent, if imaging is undertaken before the fresh
blood clots (another cause may be a very anaemic
patient).

In certain cases of venous epidural haema-
toma, CT examinations conducted immediately
after the trauma may reveal little, whereas the
haematoma appears only 2-3 days later. This delay

in the appearance of the haemorrhage is due to
the fact that in venous epidural haematomas the
injured veins bleed relatively slowly; alternatively,
a delay in epidural haemorrhage from a trauma-
tized arterial source may occur because blood can
only flow into the epidural space after resolution
of the trauma-induced arterial spasm. The
haematoma can also be dampened by the mass ef-
fect of overlying brain contusion. In the case of
persistent bleeding within an extraaxial blood col-
lection, the haematoma can appear of mixed den-
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Fig. 2.8 (cont.) - (c-d) Follow up after 3 weeks: The hyperdense haemorrhage has been almost completely resolved, whereas the hypo-
dense component is still clearly visible; a subdural hygroma has accumulated on the left side. (e-f) Follow up after 6 weeks: There is par-
tial resolution of the hypodense component, a residual of which persists in a right frontal region; the hygroma on the left side remains.
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sity due to the presence of non-clotted new blood
alternating with older clotted haemorrhage (7,
29). In subacute forms, as in the case of bleeding
caused by the rupture of the dural venous sinus-
es, the density of the clotted haemorrhage varies
in part according to the resorption of the solid
blood constituents (Fig. 2.12).

Acute epidural haematomas represent the
most urgent of all cases of cranial trauma. They
require swift treatment before irreversible
parenchymal damage occurs, caused by the
compression of brain structures, especially the
brainstem. Although rare (5% of extraaxial
haematomas), extradural haematomas in the
posterior fossa are potentially the most worri-
some and tend to demonstrate the most rapid
compromise of patient vital functions. As an
additional factor, the compression of the aque-
duct of Sylvius may cause acute obstructive hy-
drocephalus resulting in progressive supraten-
torial mass effect and accelerated downward
transtentorial internal cerebral herniation. 

Subdural haematoma

Subdural haematomas (SDH’s) are one of
the most life threatening events that can occur
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Tab. 2.5 - Post-traumatic sequelae of head injuries

1) - Cortical atrophy
2) - Encephalomalacia
3) - Pneumocephalus
4) - Leptomeningeal cyst formation
5) - Cranial nerve lesions
6) - Diabetes insipidus (pituitary injury)
7) - Hydrocephalus (communicating or obstructive)

Fig. 2.9 - An acute post-traumatic intraparenchymal haematoma
in observed in the right temporal-occipital area.

Fig. 2.10 - (a-b) A large epidural haematoma is seen in left tem-
poral-parietal region (a) associated with an overlying skull frac-
ture (b).

a

b



following head injuries, having a 50-85% mor-
tality rate (20) (Tab. 2.5). They occur in 10-
20% of all cases of cranial trauma and are fre-
quent in the elderly with underlying brain atro-
phy and large intracranial subarachnoid spaces,
and in physically abused children who have

been subjected to strong shaking (i.e., “shaken
baby syndrome”) (3, 6, 20, 23). In elderly pa-
tients they may arise in the absence of a trau-
matic episode (18, 19). If the haematoma is iso-
lated and small, symptomatology may be absent
or minor (e.g., headache). However, the SDH is
often associated with DAI and/or severe mass
effect, and patients therefore tend to be clini-
cally compromised, with low Glasgow Coma
Scores; in up to 50% of cases, patients appear
flaccid or even decerebrate (13). 

SDH is a collection of blood in the subdural
space between the external surface of the lep-
tomeninges and the dura mater secondary to the
laceration of veins (in particular the veins in-
volved are those that join the cerebral cortical
veins and veins of the pons with the dural si-
nuses), or in the more severe forms, secondary
to or associated with underlying cortical lacera-
tion. SDH’s can occur at any age, but are most
frequently observed in patients aged 60-80 years
because of the greater mobility of the brain
within the skull secondary to senile atrophy and
therefore the greater ease with which veins rup-
ture upon acute traumatic stretching of the at-
tached cortical venous structures (18, 19).
SDH’s are more frequent than are epidural
haematomas and are relatively more often asso-
ciated with contusion-type injuries rather than
skull fractures. This relationship is useful in pre-
dicting patient prognosis and in part explains
why the overall intracranial mass effect is larger
than are the actual dimensions of the SDH. Dis-
tinctions are made between the acute (i.e., with-
in 3 days from the trauma), subacute (i.e., with-
in 3 months) and chronic (i.e., more than 3
months) forms of SDH. In the acute phase, sub-
dural haematoma appears as a hyperdense, sick-
le-shaped extraaxial lesion (Fig. 2.13); in some
cases there may be a medial beak at the level of
the pterion, where it penetrates the anterior and
lateral aspects of the Sylvian fissure between the
opercula of the frontal and the temporal lobes.
Atypical configurations may be encountered in
very large SDH’s (Fig. 2.14a) or in the presence
of fibrous bands traversing the subdural space
resulting from previous trauma or inflamma-
tion; these cases of SDH can take the form of a
biconvex lens or a multilocular appearance. 
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Fig. 2.11 - Axial CT shows an epidural haematoma with bicon-
vex lens shape, in right parietal region with compression of the
cerebral parenchyma and midline shift.

Fig. 2.12 - Axial CT reveals a small right frontal subacute
epidural haematoma with mixed hypodense and hyperdense
component, concomitant extracranial haematoma.



Subsequently, due to the effect of the me-
tabolism of the protein content of haemoglo-
bin, SDH’s initially become isodense (e.g., be-
tween the 7th and 21st day following the trau-
matic incident) (Fig. 2.15), and then evolve in-
to a generally hypodense lesion (Figs. 2.16,
2.17) relative to the density of the underlying
brain tissue. In practice, an SDH can also be

isodense or hypodense outside of this predicted
phase density pattern if the patient is anaemic,
or if the systemic blood is diluted with iatro-
genically administered fluid; conversely, chron-
ic SDH’s can show progressive hyperdensity
due to interim haemorrhage(s) which can be
asymptomatic and unprovoked by recurrent
trauma (i.e., spontaneous) (Fig. 2.16). In cer-
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Fig. 2.13 - Axial CT demonstrates an acute subdural haematoma
along the left hemisphere convexity with right shift of the mid-
line structures and compression of the left lateral ventricle. [a),
b) axial CT].

Fig. 2.14 - Bilateral subdural haematomas. There is a biloculat-
ed acute-subacute subdural haematoma on the right side (a), a
heterogeneous appearance of the two haematomas with fluid-
fluid levels (b), and presence of haemorrhagic components of
different ages. The left sided subacute subdural haematoma is
almost isodense as compared to the underlying brain and is
therefore somewhat difficult to visualise. [a), b) axial CT].

a
a

b
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tain cases in the subacute or chronic phases, a
blood-fluid level can be observed following
blood clot liquefaction, perhaps contributed to
by haemorrhagic sedimentation (hypodensity
superiorly and iso- or hyperdensity inferiorly)
(Fig. 2.14b). In some cases, haemorrhagic
events are followed by blood clot organization,
which gives the crescent image a layered curvi-
linear appearance, with the older, hypodense
collections on the medial and lateral margins
and the more recent haematomas showing 
a relatively denser core; complex, crescent-
shaped layers of varying density, representing
haematomas and membranes of different ages,
may subsequently occur.

In rare cases SDH’s can reabsorb sponta-
neously, although some increase in volume and
become chronic in duration. The eventual evolu-
tion depends in part upon the hyperosmolarity of
liquefied blood products, as well as on whether
or not new bleeds have occurred over the inter-
im. The sites of SDH’s are usually supratentorial
and especially over the convexity; due to the lack
of barrier to progression at this level, the ex-
travasated blood easily extends along the entire
hemicranium. If the SDH is situated at the ver-
tex, it can go unnoticed on axial slices, and there-

fore coronal scans are required in appropriate
cases (Fig. 2.18). If unilateral, SDH’s are accom-
panied by a contralateral shift of the midline
structures and the lateral cerebral ventricles (Fig.
2.19); if bilateral, these extraaxial haemorrhages
cause compression of the ventricles that assume a
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Fig. 2.15 - Subdural haematoma. Axial CT shows a subacute
right frontal subdural haematoma is noted that is isodense and
associated with obliteration of the cortical sulci, displacement
of the corticomedullary junction away from the overlying skull,
leftward shift of the midline structures and compression of the
adjacent lateral ventricle. 

Fig. 2.16 - Subdural haematoma. Axial CT reveals and unusual
appearing left frontoparietal subdural haematoma with a hy-
perdense acute haemorrhagic component layering posteriorly.
The left lateral ventricle is compressed by the haematoma and
the contralateral lateral ventricle is dilated. [a), b) axial CT].
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thinner, elongated and parallel appearance (Fig.
2.20). In both instances, the characteristic finding
is the disappearance of the underlying cortical
sulci and the displacement of the superficial
brain parenchyma away from the bony inner
table of the skull. For the demonstration of these
SDH’s, especially when the haemorrhage is iso-
dense, it is important to identify the correspon-
ding cortico-medullary junction and the digita-
tions of the white matter that penetrate into the
gyral folds. The centrum semiovale usually has a

convex lateral margin; however, in the presence
of an SDH this margin becomes flattened, con-
cave or irregularly distorted. If the cortico-
medullary junction is not visible, a bolus injection
of contrast medium administered during the scan
may be useful in identifying the cortical surface
and delineating the border of an isodense SDH.
This image enhancement method can document
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Fig. 2.17 - Bilateral subdural haematomas. Axial CT shows bi-
lateral hypodense subdural haematomas. [a), b) axial CT].

Fig. 2.18 - Subdural haematomas. Axial and coronal CT shows
small, chronic subdural haematoma over the convexity of the
brain is observed which is better seen on coronal scans. [a) ax-
ial CT; b) coronal CT].
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a thin line of enhancement at the brain surface
(perhaps due to compression ischaemia), a focal
traumatic rupture of the blood-brain barrier, vi-
sualization of a membrane related to the prior
haemorrhage or prominent enhancement of di-
lated cortical veins.

SDH’s do not cross the midline because the
subdural spaces on the two sides of the crani-
um do not communicate. These haematomas
are occasionally observed beneath the tempo-
ral lobe within the middle cranial fossa and un-
der the occipital lobes extending along the ten-
torium cerebelli, and are often difficult to see
with axial slices alone. In these instances, sup-
plemental coronal slices are helpful for visuali-
zation.
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Fig. 2.19 - Subdural haematoma. The axial CT shows a right
frontoparietal subdural haematoma with associated mass effect
upon the adjacent cerebral parenchyma, which causes a subfal-
cian herniation of the cingulate gyrus and the compressed right
lateral ventricle. The left lateral ventricle is dilated due to a CSF
obstruction at the level of the left foramen of Monro.

Fig. 2.21 - Subarachnoid haemorrhage. Hyperdensity is noted
within the cortical sulci over the left cerebral hemisphere. Small
haemorrhagic cortical contusions are also seen, the largest of
which can be observed in the right temporal region (arrow-
head). [a), b) axial CT].

Fig. 2.20 - Bilateral subdural haematomas. The CT study shows
lateral ventricles that are thinned, elongated and parallel to one
another. The left sided subdural haematoma is almost isodense
as compared to the underlying brain.
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Subarachnoid haemorrhage (SAH)

SAH’s typically occur after severe cranial
trauma and are usually associated with haemor-
rhagic parenchymal contusions (Figs. 2.21 and
2.22) (3, 29). Traumatic SAH’s are usually some-
what insignificant from a clinical point of view,
being linked pathologically to the rupture of
small cortical vessels that traverse the subarach-
noid space. These haemorrhages are seen as hy-

perdense collections of blood in the sulci, fis-
sures and cisternal spaces, especially around the
Sylvian fissure and the interpeduncular cistern
(Figs. 2.21 and 2.22) (20, 22). 

The site of the SAH is often somewhat dis-
tant from that of the trauma because the blood
tends to diffuse within the subarachnoid
spaces. In some cases the blood can reach the
ventricular system, due to retrograde flow
through the foramina of Luschka and Ma-

a
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Fig. 2.22 - Posttraumatic intraventricular haemorrhage, pneumocephalus, and cerebral oedema. Bilateral eyelid haematomas are seen
associated with subcutaneous emphysema (a). Intracranially are observed subarachnoid (b) and intraventricular haemorrhage (a), air
bubbles in the CSF spaces (c) and the widespread oedema within the right cerebral hemisphere (d). [a)-d) axial CT].



gendie. The ability of CT to detect SAH is di-
rectly related to the quantity of extravasated
blood as well as to the time from the traumatic
incident; the SAH can be negative if the CT
scan is performed some days after the event.
SAH’s can sometimes be falsely simulated in
certain particularly severe cases of diffuse cere-
bral oedema, in which the brain appears rela-
tively hypodense in comparison to the underly-
ing dura mater and neural tissue (20).

Subdural hygroma

A subdural hygroma is an extraaxial collec-
tion of CSF caused by the extravasation of this
fluid from the subarachnoid space through a
traumatic tear in the arachnoid mater (Fig.
2.23). The acute form is particularly frequent in
children and less so in adults (6, 23). Subacute

and chronic forms can be seen following sur-
gery performed to treat severe head injuries. In
such cases, the hypodense subdural collection
is either located in the region of the operation
or alternatively on the opposite side due to an
ex vacuo mechanism following the evacuation
of a contralateral haematoma. The differential
diagnosis includes chronic, hypodense SDH.

Traumatic vascular lesions

Traumatic cerebrovascular lesions are
somewhat rare, but are probably less infre-
quent than reported in the medical literature
(3, 9, 20). In certain cases these lesions can
be asymptomatic or have a clinical onset
sometime after the initial traumatic incident
and can therefore be overlooked on routine
imaging studies in patients having undergone
trauma. In other cases the presence of other
craniocerebral lesions related to trauma can
conceal the presence of related underlying
vascular lesions, as both clinical symptoms
and imaging findings may be attributed 
to other dominant traumatic parenchymal
pathology such as DAI, intraparenchymal
haematomas or extraaxial haematomas. CT is
a most useful technique for identifying pa-
tients with an increased risk of vascular le-
sions such as those with fractures at the base
of the skull extending into the bony internal
carotid canal, the sphenoid bone, and the
petrous pyramid of the temporal bone and
the basiocciput. Of course, it should be
pointed out that the presence of fractures in
such sites does not necessarily indicate the
presence of associated vascular lesions (7, 29). 

The internal carotid artery, which is the most
frequently affected vessel in cranial trauma, can
undergo dissection due to the forced extension
and torsion of the neck or due to the direct lac-
eration of the arterial wall by a skull base frac-
ture; this is especially true with trauma to the
region directly adjacent to the anterior clinoid
processes and the bony internal carotid canal
(9). In certain cases the adventitia of the carotid
artery wall can remain intact and thereby de-
velop a pseudo-aneurysm (3, 9, 20). Other pos-
sible cerebrovascular lesions related to the trau-
ma include dissections, lacerations and frank
vessel occlusions, which may or may not be as-
sociated with perivascular haematomas.

Another pathological entity connected with
brain trauma is the formation of arteriovenous
fistulae. The most typical site is a fistula be-
tween the internal carotid artery siphon and the
cavernous venous sinus, usually a consequence
of the fracture of the central skull base. In such
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Fig. 2.23 - Posttraumatic subdural hygroma. The axial CT
shows a left sided frontal posttraumatic subdural hygroma.



cases, one suggestive indirect sign on imaging is
the CT finding of an enlarged, arterialized su-
perior ophthalmic vein.

CT is very accurate in demonstrating frac-
tures of the base of the skull, whereas greater
diagnostic sensitivity in demonstrating traumat-
ic vascular lesions can be obtained with MR or

MR angiography examinations (3, 20). In se-
lected cases where such traumatic cerebrovas-
cular lesions are suspected on the basis of non-
invasive imaging studies and clinical informa-
tion, selective cerebral angiography is required
to clearly define the diagnosis and to suggest
optimal treatment options.

SECONDARY LESIONS

Internal cerebral herniation

Bony and dural structures grossly subdivide
the cranial cavity into functional supra- and in-
fratentorial compartments. Internal cerebral
herniations are a mechanical shift of the cere-
bral parenchyma, cerebrospinal fluid and the
attached blood vessels from one compartment
to another. These alterations are the most com-
mon secondary effects of expanding intracra-
nial processes. Based on the site and direction
of the shift, they can be divided into subfalcian,
transtentorial (ascending and descending),
cerebellar tonsillar and transphenoid (ascend-
ing and descending) in type. Patients with in-
ternal cerebral herniations are usually in com-
promised clinical states that only permit the use
of axial CT acquisitions, which are not the most
suitable for viewing craniocaudal shifts of the
cerebral parenchyma. Therefore, due attention
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Fig. 2.24 - Posttraumatic cerebral swelling. The CT demon-
strated diffuse posttraumatic cerebral swelling is seen with
obliteration of the basal subarachnoid cisterns and superficial
cortical sulci, compression of the 3rd ventricle and reduction in
size of the lateral ventricles. The midline structures are not
shifted, and there are no focal haemorrhages are present. [a),
b), c) axial CT].
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must be paid to gleaning the indirect signs of
internal cerebral herniation (3, 20). 

Subfalcian and descending transtentorial
herniations are the most common subtypes. A
subfalcian herniation is defined by a shift of the
cingulate gyrus across the midline, traversing
below the free margin of the falx cerebri. As the
shift progresses, the compressed ipsilateral
cerebral ventricle becomes thinner, while the
contralateral ventricle dilates as a consequence
of CSF obstruction at the level of the foramen
of Monro (Fig. 2.19). In addition, distal
branches of the anterior cerebral artery are also
shifted towards or across the midline, and, in
the most severe cases these vessels can be com-
pressed against the free edge of the falx cerebri;
this in turn may result in secondary ischaemia
or infarction due to pressure-occlusion of the
pericallosal or callosomarginal arteries. 

Descending transtentorial herniations consist
of a medial and caudal shift of the uncus and the
parahippocampal gyrus of the temporal lobe
beyond the free margin of the tentorium cere-
belli. This results in an asymmetric appearance
of the peripontine cisterns and the cerebello-
pontine angle, which are widened on the side of
the mass lesion due to a contralateral shift of the
brainstem; the contralateral cisterns are conso-
nantly narrowed by both the lateral shift as well
as the downward herniation of cerebral tissue.
The anterior choroid, posterior communicating
and posterior cerebral arteries are also dis-
placed medially and downward and can be
compressed against the free edge of the tentori-
um cerebelli with resulting ischaemia or infarc-
tion of the occipital lobe if severe. In rare cases,
compression of the perforating vessels emerging
from the arterial circle of Willis can cause is-
chaemia and infarction in the basal cerebral nu-
clei. Other possible complications of transtento-
rial herniations include periaqueductal brain-
stem necrosis, brainstem haemorrhage (i.e.,
Duret haemorrhages) and direct contusion of
the cerebral peduncle(s) due to traumatic im-
pact against the free edge of the tentorium cere-
belli (i.e., Kernohan’s notch) (20).

Ascending transtentorial herniations are
more rare, and are defined by the cranial shift
of the cerebellar vermis and parts of the superi-

or-medial aspects of the cerebellar hemispheres
through the tentorium incisura. This in turn re-
sults in compression of the superior cerebellar
and superior vermian cistern and the upper
fourth ventricle. If severe, hydrocephalus may
develop due to the compression of the aque-
duct of Sylvius. 

Tonsillar herniations are usually caused by
an increase in mass effect within the posterior
fossa, which causes a downward displacement
of the cerebellar tonsils through the foramen
magnum. It is estimated that up to half of all
descending transtentorial herniations and ap-
proximately two-thirds of ascending transten-
torial herniations are associated with tonsillar
herniations at some point in the evolution of
the herniative process.

Descending transphenoid herniations are
produced by a posterior and downward (cau-
dal) shift of the frontal lobe beyond the margin
of the greater wing of the ipsilateral sphenoid
bone, with backward displacement and com-
pression of the Sylvian fissure, the middle cere-
bral artery and the temporal lobe on the same
side. Conversely, in ascending transphenoid
herniations, the frontal lobe is pushed upwards
and anteriorly, to extend above the margin of
the greater wing of the sphenoid.

Posttraumatic diffuse cerebral oedema

Diffuse cerebral oedema with generalized
swelling of the brain occurs in up to 10-20%
of all severe head injuries; this is encountered
more commonly in children and can be either
unilateral or bilateral (Figs. 2.24, 2.25). Uni-
lateral diffuse cerebral oedema is associated
with ipsilateral subdural haematoma forma-
tion in 85% of cases and with epidural
haematoma in 9% of cases; it is an isolated
finding in only 4-5% of cranial trauma pa-
tients (3, 20). Despite the fact that it can de-
velop in just a few hours in the most serious
cases, it usually evolves over a period of 24-
48 hours. Posttraumatic diffuse cerebral oede-
ma is caused by an increase in the water con-
tent of the brain and/or an increase in in-
travascular blood volume, both of which can
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be precipitated by a number of factors. This
is a severe clinical condition and is fatal in ap-
proximately 50% of cases (20). The CT pic-
ture is characterized by a generalized obliter-
ation of the cerebral cortical sulci and the in-
tracranial subarachnoid spaces of the suprasel-
lar and perimesencephalic cisterns (e.g., am-
biens and quadrigeminal), and the cerebral
ventricles appear thinned and compressed.

The brain appears diffusely hypodense, with
a loss of the distinction of the grey-white 

matter interface. The cerebellum is generally
spared and can appear relatively hyperdense as
compared to the cerebral parenchyma which is
isodense. In the later stages of evolution in se-
vere cases, diffuse cerebral oedema is often ac-
companied by transtentorial internal cerebral
herniation (3, 20, 22).

Posttraumatic cerebral ischaemia and infarction

The herniation of brain parenchyma across
the falx cerebri and through the tentorium
cerebelli is the most common cause of post-
traumatic infarction. The occipital lobe is the
territory most frequently affected by ischaemic
events, which are usually associated with herni-
ation of the temporal lobe through the tentori-
al incisura, with consequent compression-oc-
clusion of one or both of the posterior cerebral
arteries (3, 20). The second most common area
of infarction associated with cranial trauma is
the vascular territory of the anterior cerebral
branches contralateral to the traumatic mass le-
sion, to include the pericallosal and callosomar-
ginal arteries, consequent to subfalcian hernia-
tion of the cingulate gyrus. More rarely, infarcts
may occur in the basal ganglia due to the com-
pression of the choroid, lenticulostriate and
thalamoperforating arteries against the struc-
tures at the base of the skull (7, 29).

Another category of important secondary
manifestations of brain injuries is that of post-
traumatic haemorrhages related to direct injury
of larger arteries and veins. The caudal shift of
the upper portion of the stem in transtentorial
herniations can cause a compression of the per-
forating vessels in the interpeduncular cistern.
This in turn causes small haemorrhagic foci,
which can be confluent, in the tegmen (i.e.,
Duret haemorrhage), which must not be con-
fused with the rarer primary haemorrhagic con-
tusion lesions in the dorsolateral portion(s) of
the midbrain resulting from collision of the
brainstem with the free edge of the tentorium
cerebelli. As an additional factor in descending
transtentorial herniations, the impact of the
cerebral peduncle contralateral to the traumat-
ic mass lesion(s) against the free edge of the
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Fig. 2.25 - Posttraumatic cerebral oedema. The CT reveals
posttraumatic cerebral oedema is observed associated with dif-
fuse hypodensity of the white matter and obliteration of the
Sylvian and perimesencephalic cisterns, a reduction in the size
of the ventricular system and small intraparenchymal right
haemorrhages in the right frontal region. 
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tentorium cerebelli may cause oedema, is-
chaemia and/or haemorrhagic necrosis of this
structure which results in focal atrophy that
may take the gross form of a notch (i.e., Ker-
nohan’s notch). Clinically this may result in
hemiparesis ipsilateral to the side of the pri-
mary traumatic effects; this is known by the
term “false localizing sign” because it occurs in
the peduncle contralateral to the supratentorial
traumatic mass effect (20).

POSTTRAUMATIC SEQUELAE

The most common sequelae of severe cranial
trauma include cortical atrophy, encephaloma-
lacia, pneumocephalus, CSF leaks (i.e., fistu-
lae), leptomeningeal cysts, cranial nerve lesions
and diabetes insipidus (Tab. 2.8).

Encephalomalacia is characterized by foci of
cerebral parenchyma loss in the area of the con-
tusion and by diffuse cortical atrophy (3, 20).
Encephalomalacic foci appear on CT as hypo-
dense areas, often associated with varying de-
grees of dilation of the adjacent cerebral ventri-
cles and overlying cortical sulci.

Skull base fractures with interruption of the
dura resulting in direct communication of the
cranium with the paranasal sinuses, can lead to
intracranial air collection(s) (i.e., pneumo-
cephalus). This is easily detected using CT be-
cause of the extremely low attenuation coeffi-
cient of air (Figs. 2.3, 2.22) (8). Air limited to
the epidural space tends to remain localized
and does not vary in position with the place-
ment of the head; conversely, air localized to
the subdural space tends to move its principal
focus with head movements (20). Subarachnoid
air is typically multifocal, non-confluent, has a
“bubble-like” appearance and is often localized
within the cerebral sulci. Posttraumatic intra-
ventricular air occurs in association with frac-
tures at the base of the skull with lacerations of
the dura mater. Intravascular air is only rarely
observed and is usually detected only in cases
of fatal trauma.

CSF leaks are a consequence of fractures of
the base of the skull in 80% of cases (20). Typ-
ically they are frontally positioned with CSF

draining via a fistula into the ethmoid or the
sphenoid paranasal sinus, and in 20% of cases
they are complicated by meningitis, which if
untreated can in turn lead to the formation of
cerebral abscess or extraaxial empyema (20).
Clinical onset of a posttraumatic CSF leak usu-
ally occurs within a week of the initial trauma,
but can develop as late as several years after the
event. High resolution coronal acquisition CT
is the examination of choice to identify the as-
sociated skull base fracture, although the visu-
alization of the fistula is often difficult or im-
possible to achieve. Positive contrast CT or MR
cisternography may be required to prove the
presence and pinpoint the location of the fistu-
la preoperatively.

Cranial fractures can later cause lepto-
meningeal cysts. These cysts are typically limit-
ed to children, occurring months to years after
the cranial trauma. They are associated with
underlying meningeal lacerations and theoreti-
cally result from an interposition of meningeal
tissue within the space of the fracture line of
the overlying calvaria at the time of the trau-
matic event. Sometimes known as an “expand-
ing posttraumatic fracture”, CSF pulsations
have been hypothesized to be the mechanism of
cyst accumulation as well as fracture expansion.

Diabetes insipidus is an infrequent sequela
of cranial trauma, most commonly seen in in-
fants as a result of birth trauma. Diabetes in-
sipidus can be a direct result of either descend-
ing transtentorial herniation causing hypothala-
mic infarction or pituitary stalk transection oc-
curring at the time of the traumatic event.

Posttraumatic paralysis of one or more of
the cranial nerves, especially the second, third,
fourth and sixth nerves and the second division
of the fifth cranial nerve, are typically due to
cranial base fractures that involve the cav-
ernous venous sinus and the apex of the orbit.
The third cranial nerve can also be affected in-
dividually by transtentorial herniation of the
temporal lobe, whereas the fourth cranial nerve
can be injured by compression against the free
margin of the tentorium cerebelli during vio-
lent shaking movements of the head.

One final sequela to cranial trauma is hydro-
cephalus, usually secondary to intraventricular
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haemorrhage or traumatic adherence of the
meninges over the cerebral convexity, the basal
cisterns or the aqueduct of Sylvius. This is
caused by an inflammatory meningeal reaction
to the effects of the trauma and the presence of
blood products with consequent defective CSF
resorption.

CONCLUSIONS

The advent of CT and its progressive tech-
nological improvement have revolutionized the
diagnosis and clinical management of acute cra-
nial trauma patients, resulting in early accurate
analysis and swift evidence-based treatment of
potentially fatal head injuries. Unenhanced CT
is the examination technique of choice in these
cases as it is quickly accomplished, readily
available and does not require ancillary studies
using other imaging technologies in most cases.

The spiral (helical) CT technique is princi-
pally useful in those cases in which the exami-
nation must be performed within an extremely
limited time frame and in cases in which three-
dimensional acquisition is necessary for multi-
planar reconstruction of fractures of the orbit
and the facial skeleton or CT angiographic
studies of the intracranial vessels. Otherwise,
standard CT acquisitions are preferred for their
accuracy and absence of artefacts.

The use of IV contrast media is restricted to
those rare cases in which a CT angiographic ex-
amination is needed when posttraumatic vascu-
lar pathology is suspected. Intrathecal positive
contrast cisternography coupled with either CT
or MRI may be required to analyse the pres-
ence and focus of a CSF fistula preoperatively.

One important limitation of the use of CT is
the difficulty in detecting small parenchymal le-
sions located in the posterior fossa or at base of
the skull, principally because of beam harden-
ing artefacts typically present. However, this
problem is of little practical significance clini-
cally in the acute stage of trauma, as such
pathology seldom requires surgical interven-
tion.

It should be noted that MRI is more sensi-
tive than is CT in detecting small cortical con-

tusion lesions at the grey-white matter inter-
face, DAI, extracerebral haematomas (especial-
ly when hypodense) and primary and second-
ary brainstem lesions. However, these changes
are relatively minor and do not usually demand
operative therapy in the emergency time frame.
On the other hand, MRI can be a useful com-
plement in the acute phase of cranial trauma in
patients with significant clinical findings but no
or few CT observations. And finally, MRI is the
technique of choice in the evaluation of the
subacute and chronic phases of symptomatic
head injury.
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INTRODUCTION

Trauma is the most common cause of death
among children and infants, of which head in-
juries account for some 60%. The mortality and
morbidity rates concerning primary lesions and
posttraumatic sequelae in patients with head in-
juries have been considerably reduced by the
advent of computed tomography (CT), which is
still the examination technique of choice in the
acute phase, thanks to the rapidity with which it
can be performed, the ready availability of the
imaging equipment and the absence of con-
traindications (6, 25, 29). The drawback of this
technique is the difficulty encountered in de-
tecting smaller lesions, which are often located
at the grey-white matter junction or in the vicin-
ity of bone (e.g., temporal and frontal lobe
poles, posterior fossa). In certain cases, the pa-
tient’s clinical condition can be quite in contrast
with the information yielded on their respective
CT examinations (4, 7). 

Due to its greater sensitivity in detecting
these types of lesions, magnetic resonance im-
aging (MRI) can be used as a complement to or
even a substitute for CT in some instances (5,
10, 14, 16, 18, 19, 24, 26). This said, perform-
ing an MR examination in the acute phase of
trauma can prove somewhat difficult and en-
tails a number of risks. These drawbacks,

which will be discussed briefly below, make
MR a technique of secondary importance in the
overall imaging evaluation of head injuries (12).

DRAWBACKS 

Intrinsic limits

The intrinsic limits of the MR technique con-
sist in the absolute contraindication of examining
subjects having ferromagnetic foreign bodies or
electronic device implants (e.g., cardiac pace-
makers). This problem becomes important in
polytrauma patients, who may have acquired
metal splinters from the traumatic event itself,
and even more so in subjects with disorders of
consciousness in whom it is not possible to re-
construct an accurate medical history with regard
to previous surgical or prosthetic implant proce-
dures (22, 9). It is therefore necessary if possible
to determine the compatibility of any metallic
foreign materials that are known or suspected to
be present before exposure of the patient to the
strong magnetic fields inherent in MRI.

Semeiological limits

The semeiological limits of MRI during the
acute phase of cranial trauma include its lower
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sensitivity as compared to CT in identifying
bony fractures of the skull, especially small
ones, and acute intracranial bleeds (1, 30).
Whereas in CT the densitometric value of the
blood is due primarily to the quantity of the
haemoglobin protein component, in MRI the
intensity of the signal depends in large part on

the magnetic properties of the iron contained
in blood, or rather, on the electronic configura-
tion that the hemoglobin iron assumes during
evolution of the haemoglobin breakdown
process (2). Therefore, although CT is clearly
able to detect a hyperacute phase haemorrhage
as an obvious area of hyperdensity due to the
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Fig. 2.26 - Hyperacute mesencephalic haemorrhage. CT (a) shows the haemorrhage as a hyperdense area in comparison with the sur-
rounding brain tissue. The MRI examination conducted in the acute phase  shows the haemorrhage to be isointense on T1-weighted
sequences (b) and hyperintense on T2-dependent, FLAIR and turbo spin echo (TSE) (c, d) sequences because blood cannot be dis-
tinguished from oedema in this phase on the basis of MRI (i.e., oxyhaemoglobin). 
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high concentration of haemoglobin, MRI in
this same phase has characteristically poor sen-
sitivity, as the blood (oxyhaemoglobin) has not
yet undergone metabolic transformation to a
paramagnetic species (Fig. 2.26).

It is only in the acute period, after approxi-
mately 12 hours after the event responsible for
the bleed, that the first of a series of haemoglo-
bin breakdown products starts to form in
amounts that will alter the MR signal. This new
species, deoxyhaemoglobin, causes a shorten-
ing of T2 time, and, to a greater extent T2*,
thus creating local inhomogeneities in the mag-
netic field generated by the MR unit. On the
other hand, red blood cell lysis and the block-
age of the respiratory chain in haemorrhages
cause an increase in the quantity of free water
and therefore an increase in T2 and proton
density signal, with consequent balancing of
the T2 shortening, effect and a possible con-
cealment of the hypointensity linked to the
presence of intracellular deoxyhaemoglobin.
As the magnetic susceptibility effect and there-
fore T2* shortening is directly proportionate to
the square of the intensity of the static magnet-
ic field, by using high field MR appliances and
sequences particularly sensitive to T2* (e.g.,
gradient echo sequences, echo-planar sampling
techniques) it is possible to resolve the problem
and achieve dominant T2 shortening effects on
imaging (i.e., focal reduction of the MR signal
within subacute haemorrhages).

Another limitation posed by MRI is the fact
that it requires relatively longer examination
times than does CT. Time is critical in the diag-
nostic management of critical cranial trauma
patients. In addition, these patients frequently
are unable to consciously cooperate for the
long examination times inherent in MRI, there-
by often resulting in motion artefacts. Recent
progress in technology has largely made it pos-
sible to overcome such limits with the use of
high field equipment having ultrafast acquisi-
tion sequences, that allows to obtain single slice
images in less than one second (9, 20) (Fig.
2.27b).

However, it should be remembered that in
acute head injury patients the fundamental
question to be answered is whether emergency
surgery is required. In almost all cases this
question is answered by CT, which is efficient
in depicting significant haematomas or frac-
tures of surgical interest. MRI is doubtlessly
more sensitive in identifying subtle haemor-
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Fig. 2.26 (cont.) - An MRI examination conducted three days
later shows an area of hyperintense signal on T1-weighted se-
quences (e) and hypointense signal on T2-weighted sequences
as a result of haemoglobin breakdown products (i.e., deoxy-
haemoglobin). [a), b), c) axial CT; d), f) axial T2-weighted
MRI; e) axial T1-weighted MRI].
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rhagic collections and small intraaxial lesions
related to the traumatic incident, but such find-
ings have no relevance with regard to emer-
gency treatment (17, 23, 27). In any case, these
minor imaging findings can be detected using
MRI once the immediate life-threatening prob-
lems have been addressed and the patient has
stabilized.

SEMEIOTICS

Primary intraaxial traumatic lesions

Contusions and laceration-contusions repre-
sent approximately 45% of all head injuries.
They occur as a consequence of the impact of
brain tissue against the inner table of the skull
or dural insertion of the cranium. This trauma
tends to cause related lesions in the poles of the
frontal and temporal lobes and within the
brainstem (22, 25). MRI is generally more sen-
sitive in detecting these types of lesions than is
CT due to the proximity of the traumatic alter-
ation to the bony structures (i.e., CT beam
hardening effects obscure this pathology) (15).
A distinction must be made between simple
non-haemorrhagic contusions and haemor-
rhagic or laceration-contusions.

Simple (non-haemorrhagic) contusions are ar-
eas of tissue characterized by the presence of
oedema in the acute phase and by necrotic-en-
cephalomalacic evolution in the chronic phase.
MR is estimated to be up to 50% more sensi-
tive than is CT in identifying simple contusions,
which appear as hyperintense on T2-weighted
sequences, typically affecting the surface layers
of the cortical gyri. The sensitivity of MR is fur-
ther increased by the use of FLAIR sequences;
T1-weighted sequences by comparison are of
little benefit in the acute phase in simple con-
tusions (Fig. 2.28).

Laceration-contusions (haemorrhagic contu-
sions) differ from simple contusions by the pres-
ence of a haemorrhagic zone within the contu-
sion. In this type of lesion, CT can have greater
specificity than MR, which is often not able to
differentiate between haemorrhagic and non-
haemorrhagic lesions (Figs. 2.26, 2.29, 2.30). As
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Fig. 2.27 - Multiple contusive and lacerative haemorrhagic cere-
bral foci in the acute phase. The T2-weighted sequence (a) shows
multiple areas of signal hyperintensity within which haemor-
rhagic components cannot be distinguished. The long scan time
often results in motion artefacts. The echo-planar sequence (b),
which is more sensitive to T2*-weighted tissue, enables the iden-
tification of areas of hypointense signal caused by the presence of
subacute haemorrhage (deoxyhaemoglobin). Motion artefacts
can also be reduced by obtaining the acquisition in approxi-
mately 500 msec. [a) T2-weighted MRI; T2*-weighted MRI].
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mentioned previously, the use of high field ap-
pliances with sequences sensitive to T2* in-
crease MR’s specificity, thereby enabling the
identification of haemoglobin breakdown prod-
ucts within the haemorrhagic focus (Fig. 2.27). 

Axonal injury is caused by axonal shear le-
sions that occur with linear or torsional inertial
forces, which are common in instances of high
speed trauma. They have preferential sites in
specific areas of the brain that are particularly
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Fig. 2.28 - Cerebral contusions. T2 fast spin echo (FSE) and FLAIR sequences demonstrate that the latter prove more sensitive in
identifying contusive foci, even of very small dimensions. The superior identification of the subdural haematoma with FLAIR se-
quences is also noted. [a), c), d) T2-weighted MRI; b) FLAIR MRI].
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sensitive to these kinds of force in trauma
events, including: the white grey-white matter
interface, the border between the superficial

mantle and the deep grey matter structures
(junctional lesions), the midline commissures
(especially the corpus callosum: commissural
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Fig. 2.29 - Hyperacute cerebral haemorrhage. CT and T2-
weighted MRI images show that in the hyperacute phase only
CT is capable of showing the haemorrhagic component of the
right temporal-insular shear-contusive focus. [a) axial CT; b)
axial T2-weighted MRI].

Fig. 2.30 - Contusion-shearing injury. T2-weighted MRI se-
quences highlight multiple grey-white matter junction axonal
(a) callosal commissure lesions (b, c), lesions in the basal gan-
glia (c, d) and brainstem lesions (e). However CT alone is able
to demonstrate the presence of any haemorrhagic component
(f). [a)-e) axial T2-weighted MRI; f) axial CT].
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lesions) and the brainstem (7, 13). These le-
sions are usually ovoid in shape with their lon-
gitudinal axis directed parallel to the direction
of nerve fibre bundles, and having dimensions

ranging from a few millimetres to 2 cm; these
lesions are usually not haemorrhagic.

Junctional lesions are believed to be the most
frequently observed type of traumatic cerebral

2.3 MRI IN HEAD INJURIES 169

Fig. 2.30 (cont.).
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injury and are usually located in the poles of the
frontal and temporal lobes. Neuropathological-
ly, the lesion is characterized by the transection
of the nerve cell’s axon, with subsequent Wal-
lerian degeneration of the distal axon process
and associated swelling of the nerve cell body.
Junctional lesions only affect the grey-white
matter interface in the basal ganglia in 4.5% of
cases and usually have a focus in the thalamus;
in these cases at least 50% of lesions are haem-
orrhagic, in part because of the rich vascular-
ization of such tissue. The explanation for this
preferential injury site lies in the difference be-
tween the relative kinetic energy of white mat-
ter versus grey matter, partly due to their dif-
ferent specific weights. Therefore, in the case of
abrupt acceleration-deceleration, the two sub-
components come to a stop at different times,
thus resulting in linear tears at their interface.
MR is up to three times more sensitive than is
CT in identifying such junctional lesions, typi-
cally demonstrating focal hyperintense areas on
T2-weighted sequences having an ovoid shape
and located at the border area between white
and grey matter (Fig. 2.30). The sensitivity of
MR can be further enhanced by the use of
FLAIR sequences, which typically make it pos-
sible to visualize even the smallest lesions (Fig.
2.31). Once again, the use of high field magnets
and T2*-dependent sequences makes it possi-
ble to detect haemorrhagic components when
present (Fig. 2.32). However, it must be re-
membered that although the identification of
this type of lesion is not important for reasons
of emergency treatment, it can be a significant
factor in later prognostic and legal analyses.

Commissural lesions affecting the axonal fi-
bres of the corpus callosum typically occur in
cases where the brain has been subjected to
greater degrees of trauma, often of a torsional
nature. This torsion injury results from differ-
ential forces applied to the corpus callosum
when a different rotational kinetic energy ob-
tains within one cerebral hemisphere as com-
pared to the contralateral one during accelera-
tion-deceleration trauma. The falx cerebri can
act as a contributory factor in the traumatic ef-
fects, causing mechanical compression of the
cingulate gyrus, by inducing vascular lesions via

trauma to the adjacent pericallosal artery or by
direct contusion or even a slicing of the corpus
callosum as it collides against the posterior ex-
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Fig. 2.31 - Shearing injury. The FLAIR MRI sequence (b) is
more sensitive than the T2-weighted FSE sequence (a) in iden-
tifying even very small junction lesions (reprinted by M. Gal-
lucci et al., 9)
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tent of the free edge of the callosum. The neu-
ropathological picture is always that of a tran-
section of the involved nerve fibres. The most

common sites involved in this pathological
process are the splenium and posterior body of
the corpus callosum, in large part because of
the proximity of these areas to the posterior
free margin of the falx cerebri. The MR semei-
otics are similar to those described for junc-
tional lesions (Fig. 2.30).

Brainstem lesions constitute the clinically
most serious form of axonal damage and can be
divided into primarily non-haemorrhagic neu-
ronal and primarily haemorrhagic microvascu-
lar lesions. Neuronal lesions, which are usually
more severe from a clinical point of view, most
frequently represent a transection of nerve fi-
bres of the ascending sensory pathways, or more
rarely, injuries of the fibres of the descending
motor pathways. They are generally caused fol-
lowing torsion trauma due to the same mecha-
nisms described for commissural lesions. These
lesions tend to be round morphologically. The
MR signal semeiology is typically identical to
that seen in junctional lesions. These lesions are
usually located in the dorsolateral portion of the
pons and midbrain (Fig. 2.30). Primary haem-
orrhagic microvascular brainstem trauma, or
Duret lesions, occur following the tearing of the
perforating branches of the basilar artery or the
proximal portion of the posterior cerebral ar-
tery. The most frequent location for this type of
haemorrhagic lesion is the ventral midline por-
tion of the brainstem. This type of lesion is of-
ten associated clinically with a “locked-in” syn-
drome. With regard to the MR signal character-
istics, the same comments apply as those made
above for haemorrhagic lesions.

The superior sensitivity of MR as compared
to CT in the identification of brainstem lesions
is further increased because of the obscuring
effects of the beam hardening artefacts present
on CT within the posterior fossa (Fig. 2.33). 

Primary extraaxial traumatic lesions

Primary extraaxial traumatic lesions account
for approximately 45% of all head injuries. In-
cluded in this category are subarachnoid haem-
orrhage, epi- and subdural haematomas, and
subdural hygromas.
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Fig. 2.32 - Haemorrhagic shearing injuries. Unlike FSE T2-
weighted sequences, gradient recalled echo sequences which
are more sensitive to T2* effects, are able to distinguish the
presence of a haemorrhagic components within very small grey-
white matter junction shearing injuries. [a) T2-weighted MRI;
b) T2*-weighted MRI].



Subarachnoid haemorrhage consists of local-
ized or diffuse haemorrhage within the sub-
arachnoid space. These haemorrhages rarely oc-
cur as isolated lesions but instead are more fre-
quently associated with extraaxial haematomas
or cerebral laceration-contusions (3, 4, 28). A
distinction can be made between primary and
secondary subarachnoid haemorrhage. Primary
subarachnoid haemorrhage results from the
subarachnoid rupture of small pial-cortical sur-
face vessels, from the tearing of bridging veins
traversing the subarachnoid space or from the
posttraumatic rupture of arteriovenous malfor-
mations or cerebral aneurysms. Secondary sub-
arachnoid haemorrhage, on the other hand, is
caused by the rupture of a subdural haematoma
or a cerebral laceration-contusion into the sub-
arachnoid space.

Routinely, CT is undoubtedly the examina-
tion of choice when subarachnoid haemorrhage
is suspected. However, MR is more sensitive
than CT in detecting the smaller subarachnoid
bleeds, because it is able to identify the pres-
ence of small quantities of blood in the sub-
arachnoid space if FLAIR sequences are used.
In cases of massive primary subarachnoid
haemorrhage, MR examinations performed in
the acute phase combined with MR angiogra-

phy (MRA) can potentially identify the AVM or
aneurysm responsible for the bleed. 

Subdural haematomas can be either primary,
due to the rupture of superficial bridge veins
or small, superficial cortical arteries, or sec-
ondary, when the presence of an intracerebral
haematoma with a leptomeningeal margin re-
sults in a rupture of the blood into the subdur-
al space (8). The rapid diagnosis of acute sub-
dural haematomas in head injury patients is
quite important, as surgical evacuation within
the first 4 hours reduces the death rate in such
patients by 30%. Yet again, when acute sub-
dural haematoma is suspected, CT represents
the technique of choice in head trauma pa-
tients. Subdural haematomas that are visual-
ized on MRI but not seen on CT are usually
small and of no surgical significance (Fig.
2.34). However, the discovery of small subdur-
al haematomas can be important in distin-
guishing these lesions from other types of
pathology, or alternatively in cases of legal or
forensic interest, in which case MRI is the im-
aging technique of choice because of its higher
relative sensitivity overall.

Acute subdural haematomas reveal charac-
teristic MR signal, including isodensity on T1-
weighted sequences and hyperintensity on PD
and T2-weighted sequences indicating princi-
pally oxyhaemoglobin. The presence of clots
within the subdural haematoma can be respon-
sible for an inhomogeneity in the signal, these
clots appearing hyperintense on T1 sequences
and hypointense on T2-dependent sequences
(i.e., the combined effects of clot consolidation
and deoxyhaemoglobin).

Extradural or epidural haematomas are bi-
convex haemorrhagic collections with smooth,
distinct margins, situated between the internal
table of the skull and the dura mater. These
haematomas are most commonly caused by the
rupture of the middle meningeal artery or one
of its branches, or less frequently, rupture of
the posterior meningeal artery, one of the dural
venous sinuses or the diploic vessels of the cal-
varia. Epidural haematomas are usually en-
countered at temporobasal or temporoparietal
sites, and in most cases (85-90%) are associat-
ed with fractures of the adjacent skull. With re-
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Fig. 2.33 - Shearing injury. Identified on this T2-weighted FSE
sequence is a small posttraumatic lesion of the posterior medul-
la oblongata, following attempted suicide by hanging.
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Fig. 2.34 - Haemorrhagic contusion, subdural haematoma and skull fracture. The CT examination (a, b) shows a haemorrhagic con-
tusion associated with a small subdural haematoma (small solid arrows). The MRI conducted using T1- (c) and T2- (d) weighted se-
quences more clearly shows the thin subdural haematoma located adjacent to the overlying bone (small solid arrows). CT (b) allows
more direct identification of small associated bony fractures, although fractures may also be visible on MRI (arrowheads). (reprinted
from M. Gallucci, et al., 9) [see Fig. 2.36].
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gard to the identification of extradural
haematomas, the sensitivity MRI is similar to
that of CT, but MRI is more accurate. This is
principally due to the ability of obtaining mul-
tiplanar acquisitions on MRI that inherently
have a greater probability of visualizing even

small bleeds without artefact, and the difficulty
encountered with CT in the detection of thin
hyperdense collections of blood adjacent to
bone (Fig. 2.29). However, CT does permit the
simple identification of associated bone frac-
tures when present. In any case, the thin ex-
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Fig. 2.35 - Left-sided cerebellar contusion. An MRI examination conducted in the hyperacute phase shows the presence of oedema
in a left-sided cerebellar contusion (a, b). The MRI follow up conducted 15 days later documents the partial resolution of the oede-
ma within the cerebellar contusion on the left. (a, b) (reprinted from M. Gallucci, et al., 9)
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tradural collections that may be missed on CT
but are visible on MRI do not require surgical
intervention. Once again, legal and forensic in-
terests may demand an MR examination in
spite of these observations.

A tear of the leptomeninges and inner or
meningeal layer of the cranial dural mater dur-
ing head trauma can result in the passage of
CSF into the subdural space. The resulting for-
mation of a fluid collection, that is isointense
with the fluid in all MR acquisitions, is known
as a subdural hygroma (8). Subdural hygromas
typically are not large and therefore produce
little mass effect upon the underlying cerebral
tissue, although exceptions are occasionally en-
countered.

Acute secondary traumatic lesions

These secondary complications arise at a
fairly early stage in the evolution of head trau-
ma, assume their own clinical importance and
can eventually come to dominate the patient’s
clinical condition.

Cerebral swelling of a diffuse nature occurs
in association with 10-20% of all severe head
injuries, having a greater incidence in children.
This type of brain swelling usually occurs in
connection with a primary traumatic lesion of
the cranium that in 85% of cases is a subdural
haematoma. Diffuse cerebral swelling occurs as
an isolated lesion in only 5% of cases of head
trauma. It typically appears within 4-48 hours
of the traumatic incident and represents an in-
crease in cerebral volume in part due to diffuse
vascular paralysis (i.e., loss of cerebrovascular
self-regulation) with a consequential increase in
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Fig. 2.36 - Posttraumatic right-sided cerebellar infarct. T2-
weighted MRI shows the presence of a cerebellar infarct in the
territory of the right posterior inferior artery. The frontal MRA
examination reveals a thinned, string-like incomplete MRI flow
signal within the right vertebral artery. A T1-weighted scan of
the neck, carried out 4 days after the traumatic event, shows a
dissection of the right vertebral artery with intramural hyperin-
tensity (open arrows) due to the presence of methaemoglobin.
(reprinted from M. Gallucci, et al., 9)



the cerebral blood pool. Cerebral swelling is
therefore different from cellular or cytotoxic
oedema (see below) of the cerebrum, which is
caused by an increase in free water in the intra-
cellular compartment, or vasogenic edema
which is a result of leakage of fluid from the

vascular system into the extracellular compart-
ment (21, 7, 27). The swelling can be mono-
hemispheric or bihemispheric. Monohemi-
spheric swelling tends to a more serious prog-
nosis due to the greater incidence of internal
cerebral herniation associated with this sub-
type. The overall mortality in cases of diffuse
cerebral edema is approximately 50%. CT and
MRI have similar sensitivity in diagnosing cere-
bral swelling. From a semeiological point of
view, both techniques show a compression of
the lateral ventricles and an effacement of the
cerebral sulci over the cranial convexity. In the
absence of complications or associated trau-
matic effects, no signal alteration on MRI can
be identified in these cases on T2-weighted se-
quences.

Whether focal or diffuse, as it is linked to an
increase in the amount of free water, cytotoxic
and vasogenic cerebral oedema translates on
MRI into a reduction of signal intensity on T1-
weighted images and in an increase in signal in-
tensity on PD- and T2-weighted sequences.
The gradual resolution of the oedema in the
days following the trauma can be well docu-
mented on MRI, with a parallel resolution of
the T2-dependent hyperintensity of the oede-
matous brain tissue.

Vascular lesions. Trauma can cause the lacer-
ation, compression or dissection of the large
vessels in the head and neck or of the intracra-
nial vessels, and consequentially this can result
in ischaemic or haemorrhagic lesions of the
brain (9, 11, 13). The semeiotics of these sec-
ondary ischaemic traumatic lesions is no differ-
ent than that described for primary ischaemic
lesions. In such cases, MRI has an advantage
over CT in that it is able to integrate into one
basic examination the documentation of both
the ischaemic lesion by means of MRI, as well
as the responsible abnormality of the vascular
system by means of MRA (Fig. 2.36).

Internal cerebral herniations typically occur
in association with cases of posttraumatic
haemorrhage in which the collections exert
sufficient mass effect to result in the dramatic
dislocation of brain tissue within the skull.
Herniations are usually transfalcian, transten-
torial, transphenoid or transalar in location,
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Fig. 2.37 (cont. of 2.36) - Basal ganglia cytotoxic oedema. T2-
weighted MRI shows hyperintensity within the basal ganglia
and cerebral cortex signal consistent with cytotoxic oedema in
a case of brain death. (reprinted from M. Gallucci, et al., 9).



however, internal herniations can and do occur
in the cerebellar tonsils and inferior vermis
downwardly through the foramen magnum.
The multiplanar capability of MRI and its
more clear visualization of the posterior fossa
structures routinely make it more informative
than CT for the evaluation of this type of
pathology.

Brain death. The literature contains some
experiences with the MR angiography tech-
nique that demonstrate the absence of flow in
the intracranial circle in the event of brain
death (9, 21).

Our experience, associated with a review of
the literature, identifies a number of imaging
parameters seen in cases of brain death follow-
ing cranial trauma. These findings include a
loss of the gray-white matter distinction, low
signal intensity within the cerebral cortex and
basal ganglia related to brain oedema (Fig.
2.37), absence of vascular enhancement after
IV contrast medium administration attributed
to the absence of intracerebral flow, and an ab-
sence of MR flow signal in the main intracranial
arterial structures (e.g., carotid siphons, middle
cerebral arteries). 

CONCLUSIONS

The observations in this chapter show that
MRI is generally more sensitive than is CT in
identifying the acute primary and secondary in-
juries associated with cranial trauma. However,
this is counterbalanced by the intrinsic limits of
the technique and the difficulties inherent in
the clinical management of the patient with
acute head trauma.

These limitations have recently been at least
partially overcome by technological progress
with regard to reduced MR scanning times and
the better differentiation of haemorrhagic and
non-haemorrhagic lesions on MRI in the acute
phase of head trauma. This is in turn counterbal-
anced by the insurmountable incompatibility of
many metallic life support appliances with the
magnetic fields present in and near the MRI unit.

In summary, MRI is now more widely ap-
propriately utilized in acute cases of cranial

trauma than it was even a few years ago. Nev-
ertheless, CT still remains the undisputed tech-
nique of choice for use in most acute phase
trauma patients due to the relative rapidity with
which it can be performed, the ready availabil-
ity of the equipment required and its compati-
bility with the life support systems often re-
quired by trauma patients. 
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INTRODUCTION

Head injuries in the industrialized world
constitute an important growing social and
medical problem. On the basis of the clini-
cal picture, these injuries are divided into
major and minor. Unfortunately, the severe
type accounts for a large part of all head in-
juries and most frequently affects the
younger sector of the population, otherwise
characterized by the highest life expectancy.
The improvement of diagnostic techniques,
especially Computed Tomography (CT), as
well as neurosurgical techniques, have great-
ly reduced the death rate associated with this
type of trauma, thus underlining the impor-
tance of early and accurate diagnosis in pa-
tient outcomes.

In emergencies involving facial trauma,
many conventional radiological techniques
have been replaced by spiral CT, which can be
performed more rapidly, achieved with greater
accuracy and with reduced patient discomfort,
and accomplished at lower overall cost (8). The
efficiency with which spiral CT examinations
can be performed makes it possible to examine
patients with serious facial injuries in accident
and emergency wards. This is an important as-
pect in the instance of polytrauma patients,

where several CT scans can be performed in
succession within a very brief timeframe. The
superior quality of spiral CT over alternative
techniques is also due in part to the reduction
in motion artefacts (including breathing arte-
facts), the use of safer intravascular contrast
agents and the better quality of multiplanar re-
constructions achieved from high resolution
primary spiral image sets. Spiral CT is a reliable
and rapid method of obtaining vital informa-
tion and therefore improving treatment plan-
ning in seriously ill patients; this has resulted in
a reduction in the utilization of traditional radi-
ography in examining the head and neck in cas-
es of trauma. 

TECHNIQUES

For a diagnostic approach in acute and non-
acute head trauma cases, it can be useful to di-
vide patients into three groups based upon the
severity of the clinical condition, each of which
has a different diagnostic procedure associated
with it: the patient in high grade coma with as-
sisted breathing; the non-cooperative patient in
low grade coma; and the awake and co-opera-
tive patient with or without focal neurological
deficits.
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1) Patient in high grade coma with assisted
breathing
The patient must be laid supine on the im-

aging examination table, with the head in a po-
sition that keeps the cervical spine slightly hy-
perextended without forcing. When possible,
the CT study should begin with a lateral
scanogram (Fig. 2.38a) that includes both the
facial structures as well as the cervical spine.
The cervical spine is included because severe
head injuries are often associated with traumat-
ic lesions of the spine, an area that is difficult to
evaluate clinically due to the presence of coma
(Fig. 2.38b).

It has been proposed by some practitioners
that several scanograms with different projec-
tions (anterior-posterior and right and left
45°obliques) be acquired in addition to the lat-
eral in order to exclude the possibility of find-
ing gross vertebral fracture-dislocations that
may influence patient care (10). The wide-scale
introduction of the spiral CT technique has en-
couraged this practice, where it has in part re-
placed conventional x-rays in screening investi-
gations of head and neck trauma patients. It is
important to emphasize that in some subjects
with facial injuries, associated spinal trauma
may be overlooked. A recent study conducted
on 582 consecutive patients revealed 6 cases of
cervical spine injury (approximately 1%), most
of which were clinically unsuspected at the time
of initial patient investigation (5).

In cases where the cervical spine is suspect-
ed of injury, systematic examination of the cer-
vical spine can be undertaken with spiral CT at
the same imaging session during which the fa-
cial structures are being analysed (1). In two
published reports evaluating polytrauma in-
volving the head and neck, 32 patients out of 88
(9) and 20 patients out of 58 (34%), respec-
tively, were found to have traumatic cervical
spine lesions. 

Another reason why spiral CT is being in-
creasingly used in facial injuries is because the
multiplanar and 3D reconstructions made pos-
sible with this technique are very useful in
studying the facial skeleton and skull (2-4). Spi-
ral CT also makes it possible at the same time
to demonstrate foreign bodies in more than one

plane using these multiplanar reconstructions
(6). Finally, spiral CT is important because of
its association with CT angiography.

These additional advantages offered by the
spiral technique have reinforced CT’s role in
screening facial injuries, even in the era of
MRI (7). This is especially true with regard to
the high definition analysis of complex bony
anatomy such as that found in the orbits. Spi-
ral CT is also considered a suitable technique
for the screening of facial injuries due to its
relative low cost (11). As always, however, CT
studies must not overshadow the importance
of the physical examination, in order not to
obtain results that could prove to be mislead-
ing (12).
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Fig. 2.38 - Cervical spine fracture. a) A scout view of the cervi-
cal spine. b) The CT scanogram identifies a C5 fracture.
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The preferable scan plane is the neuroocular
plane (Fig. 2.39), which usually coincides with
the plane of the hard palate or with the Frank-
furt plane. This plane can almost always be de-
termined from the lateral scanogram. It is
preferable for the following reasons:

1. Simultaneous craniofacial imaging is pos-
sible: the facial skeleton, to include the orbits,
can be scanned at the same time as the brain.
As traumatic lesions of the face are frequently
associated with concomitant injuries to the
brain, this technique avoids having to delay a
detailed study of the facial skeleton to the days
subsequent to the initial patient imaging evalu-
ation in the emergency room.

2. This plane allows for a more accurate ex-
amination of the frontobasal and cervicooccip-
ital regions, frequent sites of associated trau-
matic lesions.

The scans can begin at the vertex of the cra-
nium and proceed downwards toward the skull
base, to include the cervical-occipital junction.
Contiguous 10 mm-thick slices are utilized
making it possible to identify the presence of
intracranial lesions potentially requiring surgi-
cal intervention (e.g., extradural haematoma,
subdural haematoma, hydrocephalus). The
scan then proceeds with the study of the struc-
tures of the posterior cranial fossa and the or-
bitofacial area, using 5 mm-thick contiguous
slices.

2) The non-cooperative patient in low grade coma
This is the most frequent clinical condition

encountered in acute trauma patients. Because
patients in low grade coma are not coopera-
tive or are unable to cooperate, performing the

Fig. 2.39 - Neuro-ocular plane. a) A CT scanogram in lateral
projection with indication of the neuro-ocular plane. A-B = line
joining the orbital roof and floor. C-D = line joining the medi-
an point of A-B with the sphenoid jugum (neuro-ocular plane).
b) The line that passes through the ocular lens, optic nerve, op-
tic canal and occipital cortex in the neuro-ocular plane. c) Note
that the neuro-ocular plane virtually coincides with that of the
hard palate.
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CT examination is a challenge and may require
patient sedation or even general anaesthesia. It
therefore follows that the clinical physician
must determine whether performing the imag-
ing examination is essential for management of
the patient before proceeding. Patient condi-
tion permitting, a rapid CT examination
should be conducted with contiguous 10 mm-
thick scans, starting in the lowermost aspect of
the posterior cranial fossa and using very short
scan times. The images thus obtained, al-
though not high resolution, do make it possi-
ble to exclude large intracranial space-occu-
pying processes related to the trauma.

3) The awake and cooperative patient with or
without focal neurological deficits
This clinical category tends to be seen in pa-

tients with minor head or facial injury and se-
quelae. Once again, the use of the neuroocular
plane is preferable for the examination of the
frontal and temporal lobes as well as for the
study of the orbitofacial region. Slice thickness
can vary from 2-10 mm: 10 mm for studying the
supratentorial compartment of the cranium, 5
mm for the posterior fossa structures and 2 mm
for the orbitofacial region. 

The spiral CT technique recommended
for the study of the facial skeleton is as fol-
lows:  slice thickness: 3 mm; interval: 3 mm
(pitch of 1); reconstruction slice thickness:
1.5 mm (alternatively for lower resolution re-
constructions: 5 mm slice thickness); inter-
val: 5 mm (pitch of 1); interval layer recon-
struction: 2.5 mm.

In CT studies of the facial skeleton it is also
possible to perform a more rapid study using
low mA. This low technique yields good spatial
information at the expense of densitometric da-
ta. However, the latter is typically of little prac-
tical importance in cases of facial injury.

The CT study of the facial skeleton must
ideally include a direct coronal scan. This scan
should be performed with caution due to the
possibility of associated but unsuspected or
undiagnosed injuries of the cervical spine. Es-
pecially in acute trauma patients, it is therefore
better to use coronal reconstructions, re-
formed from the high resolution axial image

section set. The information thus obtained is
less detailed than that obtained with direct
coronal scans, but it is usually diagnostic in all
but the most subtle cases of injury to the facial
skeleton.

One must not underestimate the importance
of a complete series of reconstructions in three
dimensions, reformed from the high resolution
axial image section set. While the diagnosis of
specific trauma can be made from the axial sec-
tions, the reconstructions show the most severe
fractures and dislocations of the face in multi-
ple planes, thereby greatly assisting in surgical
planning.

Of course, in awake and cooperative pa-
tients, the imaging investigations must be guid-
ed by clinical information. Any ocular or facial
posttraumatic deformity, loss of vision, diplop-
ia, ocular reflex disorder, and/or facial anaes-
thesia or hyperaesthesia merits an imaging
study of the facial skeleton and cranium.

Most CT examinations are performed with-
out the administration of intravascular contrast
agents. Using contrast media only lengthens the
time required to perform the examination, usu-
ally without adding any information in the trau-
ma patient. Contrast is only administered in
highly selected cases, for example: in the pres-
ence of considerable mass effect without the
demonstration of a focal mass lesion; when ex-
tracerebral collections are suspected that are
isodense to the cerebral parenchyma (e.g., sub-
acute subdural haematoma); in cases of trauma
complicated by a cerebral and or meningeal in-
fectious process; or in instances of posttrau-
matic carotid-cavernous fistulae having a char-
acteristic clinical picture.

Finally, it must be emphasized that the direct
CT scans as well as the reconstructions should
be filmed and examined utilizing both bony
and soft tissue windows.

SEMEIOTICS

Traumatic craniofacial pathology can be divid-
ed into two separate but related groups: cranial
injuries, and facial injuries. In clinical practice, the
association between these two subtypes of head
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injury is quite frequent. Cranial trauma has been
dealt with previously in a separate chapter.

FACIAL INJURIES

Fractures of the facial skeleton can involve
the mandible or the maxilla. Fractures of the
latter can be divided into isolated or com-
plex subtypes. Isolated fractures involve one
facial component only and are typically
caused by low energy trauma, whereas com-
plex fractures involve more than one com-
ponent and are usually associated with high
energy trauma.

1. Fractures of the mandible
Due to its anatomical position, the mandible

is often the site of trauma caused by either di-
rect or indirect forces. Mandibular trauma can
either be isolated or associated with other head
injuries. The most widely used of the many
fracture classification systems makes a distinc-
tion between simple, compound, comminuted,
complicated, ingrained, greenstick and patho-
logical fractures.

By definition, simple fractures do not com-
municate with the external environment, un-
like compound fractures, that have an exter-
nal or open surface with the mouth and/or the
skin. Comminuted fractures have more than
one fracture line and consist of one or more
bony fragments. A fracture is termed compli-
cated when it affects nerves, vessels or the tem-
poromandibular articulation. Ingrained frac-
tures indicate that there is no dislocation of
the various fracture fragments. Greenstick
fractures are defined by a bony structure hav-
ing a frank distracted fracture on one cortical
surface, while the opposite side presents a bent
but not fractured cortex; these fractures are
most frequently encountered in children in the
subcondylar region. Lastly, a fracture is classi-
fied as pathological when it occurs in an area
that has been weakened by past abnormality
(e.g., infectious, neoplastic), or when it occurs
spontaneously or in the face of minor trauma.

Descriptions of mandibular fractures must
always focus on the substructure of the

mandible under discussion: the condyle (intra-
or extracapsular, subcondylar); the choronoid
process; the neck, the angle, or the body; the in-
cisor (parasymphyseal); the symphysis; or the
alveolar process. The direction of the fracture
and any dislocation of fragments should also be
recorded.

Traditional radiography (e.g., mandibular 
x-rays, pantomography, intraoral radiographs)
is usually sufficient for diagnosing traumatic
mandibular lesions. However, CT is suitable as
a complementary imaging technique, especially
in the study of the temporomandibular joint, as
it provides good visualization of dislocations of
the mandibular condyle and the condition of
the masticatory muscles.

CT examinations are usually performed in
the axial plane with thin slices, and supple-
mented with multiplanar reconstructions
(e.g., coronal, sagittal, oblique and three-di-
mensional). Reconstructions are necessary for
the diagnosis of fractures in the axial plane,
such as those of the glenoid cavity. As noted
in the foregoing sections, direct coronal scans
should be avoided in acute trauma patients
because of the frequent association of head
and face injuries with instability of the at-
lanto-axial articulation or traumatic cervical
spine lesions. 

2. Simple fractures of the maxilla
The most frequently encountered simple

fractures are those of the nasal bone, the or-
bito-malar-zygomatic complex and those of the
bony orbit.

Fractures of the nasal bones
Nasal fractures are the most common of

all facial fractures. Traditional radiography is
sufficient for obtaining all the information
necessary in these cases, although CT is also
sensitive in the demonstration of nasal frac-
tures, and can be useful if posttraumatic sur-
gical reconstruction is being considered (Fig.
2.40).

Fractures of the zygomatic arch
Zygoma fractures are also frequently en-

countered, due to the prominent superficial po-
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sition within the face and its relatively delicate
constitution. The fractures of this region can be
divided into isolated fractures of the zygomatic
arch or so-called “tripod” fractures.
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Fig. 2.40 - Broken nose as part of a complex facial fracture. A
2 mm axial CT image (a-b) yields a reasonable resolution re-
constructed sagittal image (c) from which the axial (d, e) and
coronal (f, g, h) images of the nasal bones are reconstructed.
This results in optimal demonstration of the fractures.
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Fractures of the zygomatic arch
The zygomatic arch is constituted by the zy-

gomatic process of the temporal bone and the
zygomatic process of the zygomatic (i.e., malar)
bone. The traumatic involvement of this struc-
ture is well documented by both standard radi-
ography as well as CT, which makes it possible

to view the depression or dislocation of fracture
fragments, the relationships of the arch to the
deep structures (e.g., masticatory muscles and
choronoid process) and to exclude the involve-
ment of the nearby structures (e.g., the glenoid
cavity of the temporal bone, orbit and maxillary
sinus).
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Fig. 2.41 - Tripod fracture of the left cheekbone, with medial and inferior displacement of the orbital-malar-zygomatic complex. Ax-
ial CT images (a, b), reconstructed coronal CT section (c) and three-dimensional reconstructions (d, e, f) show the mildly depressed,
fractured zygomatic arch and lateral orbital-maxillary sinus walls. 

a

b

c

d

e

f



Tripod fractures
These are also termed malar fractures, frac-

tures of the zygomatic-maxillary complex or
fractures of the zygomatic complex and are char-
acterized by the fracture and/or diastasis of the
zygomatic-maxillary, zygomatic-frontal and zy-
gomatic-temporal sutures or the underlying
bony components. Therefore, these fractures af-
fect the orbital structures and the maxillary sinus

(Fig. 2.41a-c). This type of fracture can be com-
posed or decomposed, with lateral, medial, pos-
terior and/or inferior dislocation of the orbito-
malar-zygomatic complex (i.e., depressed frac-
ture).

CT performed in the axial plane must be
supplemented with direct coronal acquisi-
tions or reconstructions from a high resolu-
tion axial slice set in order to see the in-
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Fig. 2.42 - Orbital study technique. 2 mm (a) or 1mm-slices (b). The optic canal (c) may be documented well with high resolution
oblique-coronal reconstructions (d, e).
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volvement of the adjacent soft tissues (e.g.,
extraocular orbital muscles, structures within
the pterygomaxillary fossa) and bony struc-
tures as well as to better define the disloca-
tion of the orbito-malar-zygomatic complex in
the three spatial planes (Fig. 2.41d-f). Among
other clinical manifestations, the involvement
of these nearby structures can cause: limita-
tion of mandibular motility due to interfer-
ence of the orbito-malar-zygomatic complex
with the choronoid process; limitation of oc-
ular motility; loss of vision with the optic
nerve at the orbital apex.

Fractures of the bony orbit
Orbital trauma can cause: visual compro-

mise due to involvement of the optic nerve;
diplopia caused by lesions to the extraocular
muscles or due to alterations of the oculomotor
nerves; cosmetic alterations (e.g., exo- and
enophthalmus). The mechanism of the orbital
trauma includes: direct trauma; extension of a
fracture of the adjacent connected bony struc-
tures; and “blow-out” fractures, which involve
the thinner orbital wall structures, in particular
the medial wall and floor.

Orbital fractures can involve a part or the
entire rim of the bony orbit. CT is without
doubt the single imaging examination that
provides the largest amount of information
on both the bony as well as the intra- and
extraorbital soft tissue components of the
orbit. A CT investigation angled to the neu-
roocular plane is preferred for studying the
optic nerve and canal and is fundamental to
imaging of the orbit as a whole. The CT slice
thickness should be 2 mm, with 1 mm sec-
tions acquired at the level of the optic canal
(Fig. 2.42); fast scanning times and low mA
can be used to obtain good spatial defini-
tion.

The CT examination must be supplement-
ed with direct or reconstructed coronal sec-
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Fig. 2.43 - Orbital floor blow-out fractures. a) neuro-ocular
plane of study; b, c) axial CT sections passing through the or-
bit show discontinuity of the right orbital floor and soft tissue
within the roof of the right maxillary sinus. c
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tions in order to visualize the orbital floor and
roof and to better document their relationship
to the extraocular muscles (Fig. 2.43), and to
exclude the entrapment of these muscles with-
in a linear fracture (esp. orbital floor blow-out
fractures). In this manner, diplopia when pres-
ent can be clinically considered to be from
other causes. CT also makes it possible to
identify intraorbital or intraocular foreign
bodies, orbital emphysema (Fig. 2.44) and in-
traorbital haematomas.

3. Complex fractures of the maxilla
This type of fracture can be divided into Le

Fort fractures and nasal-ethmoid midface frac-
tures.

Le Fort fractures
Horizontal complex facial fractures are clas-

sified according to Le Fort criteria, which are
as follows:

a. Le Fort 1: involves the lower portion of
the midline anteriorly and the posterior-later-
al wall of the maxillary sinus(es), with exten-
sion into the distal part of the pterygoid
processes.

b. Le Fort 2: involves the medial nasofrontal
region, the maxillary sinuses (with the zygomat-
ic bone spared), and the base of the pterygoid
plates posteriorly.

c.  Le Fort 3: involves the medial nasofrontal
region and the orbito-malar-zygomatic com-
plex laterally.
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Fig. 2.43 (cont.) - d) A reconstructed coronal CT section shows the soft tissue within the roof of the maxillary sinus adjacent to the
inferior rectus muscle. e), f) Direct coronal sections better show the orbital floor and the herniation of orbital material into the sub-
jacent maxillary sinus. g) A second case showing a larger orbital floor fracture on the right side with depression of bone and soft tis-
sue into the roof of the maxillary sinus.
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In clinical practice, these fracture types tend
to be more complicated, but they can always be
traced back to one of these three categories. To
make this more interesting, a Le Fort fracture
of one type may involve one side of the face on-
ly, and be associated with a different type of Le
Fort fracture on the opposite side.

Direct axial CT with multiplanar recon-
structions without doubt offers an accurate
spatial representation of bony fracture-disloca-
tions while also analyzing involvement of the
adjacent bony and soft tissue structures. 

Nasal- ethmoid midface fractures
Vertical fractures of the face are usually

complex, involving the facial midline struc-
tures from the nasal bone junction with the
planum ethmoidale through to the hard
palate. As described above, high resolution
axial CT with multiplanar reconstructions
makes it possible to clearly visualize such frac-
tures as well as any related cerebral complica-
tions (Fig. 2.45). 
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Fig. 2.44 - Posttraumatic orbital lesions. The CT examination
shows air within the left orbit (a), and an intraocular metallic
foreign body on the right side, localised accurately with CT in
the axial plane (b) as well as with CT reconstructions (b1, b2,
b3); residual intraocular air (c) following extraction of the for-
eign body using a magnet.
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INTRODUCTION

The skull and bony structures of the spine
and cranium combined with the cerebral and
spinal meninges form a relatively rigid con-
struction of protection for the brain, cere-
brospinal fluid (CSF) within the subarachnoid
space and the craniospinal arteriovenous sys-
tem. Alterations in the form of an increase in
the volume of brain parenchyma, the CSF or
the vascular components, or alterations of the
bony compartment that contains them can give
rise to a progressive increase in intracranial
pressure.

The terms intracranial hypertension (ICH)
and hydrocephalus do not define the same en-
tity, but rather refer to a variation in the con-
tainer-content relationship in the first case, and
in the second case to an accumulation of CSF
with a dilation of the cerebral ventricles; how-
ever, in the latter instance, there will also be
some degree of necessarily associated ICH.
ICH patients usually present the classic sign-
symptom triad of headache, vomiting and pap-
illary elevation (7, 9). 

The headache has particular semeiologic
characteristics, as it usually occurs upon awak-
ening and has a frontal location. It is believed
to be caused by the traction exerted on the

meningeal neural structures both within the
meninges as well as within the related vascular
structures. Not only the parietal meningovascu-
lar structures are involved, but also innervated
are the dura mater of the skull base, the walls of
the dural venous sinuses and the bridging
veins.

Vomiting is also manifested clinically in the
morning, similarly upon awakening, and before
the patient has eaten. It is not preceded by veg-
etative signs such as nausea or ptyalism (exces-
sive flow of saliva) and is almost always associ-
ated with headache. The pathogenic mecha-
nism responsible for the vomiting in cases of
ICH is still unknown, however it has been ob-
served that the headache subsides partially af-
ter the episode(s) of vomiting.

Bilateral ocular papillary elevation is caused
by hypertension of the CSF pathways, accom-
panied by an increase in the CSF pulse pressure
transmitted to the optic nerve head. This pul-
satile pressure increase is directly broadcasted
to the optic nerve trough of the optic subarach-
noid space via the meningeal sheaths that coat
the entire length of the optic nerve, thereby
causing a progressive vascular compression-
congestion of the optic nerve head and outward
physical bulging of the optic papilla into the
rear of the globe.
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Minor signs and symptoms of ICH include:
1) Diplopia: Diplopia is caused by a paresis

of the 4th cranial nerve as a consequence of the
pressure increase, which injures the fragile ab-
ducens nerve;

2) Eyesight impairment: Protracted oedema,
compression and expansion of the optic nerve
head cause regressive phenomena entailing per-
manent damage and resultant atrophy, ulti-
mately terminating in an impairment of eye-
sight. In extreme cases amaurosis occurs, a
process that is almost always irreversible.

3) Endocrinological alterations: Chronic
ICH is associated with a reduction in function
of the hypophysis, with resultant alterations in
hormone production (e.g., FSH, LH, TSH,
ACTH, GH) and changes in the gland’s re-
sponse to physiological and pharmacological
stimuli.

4) Disorder of recent memory: This nonspe-
cific sign is almost always present in patients
with long clinical histories of minor intracranial
pressure elevations. The deficit would seem to
affect the recall of recent events, rather than
memory of chronological order or long-term
memory.

There is a wide range of possible underlying
pathological conditions responsible for the
ICH, such as neoplastic, vascular, inflammatory,
toxic, metabolic, traumatic or hormonal causes.
This chapter deals with the physiopathology of
intracranial hypertension, cerebral oedema,
pseudotumor cerebri and hydrocephalus.

THE PATHOPHYSIOLOGY 
OF INTRACRANIAL HYPERTENSION

The intracranial space is divided by the ten-
torium cerebelli into the supratentorial and sub-
tentorial compartments, which communicate
with one another via the tentorial incisura. This
intracranial space is completely occupied by sol-
id or fluid components, including the brain, the
subarachnoid space and cerebrospinal fluid,
and the blood and attendant vascular walls; its
content is considered uncompressible: varia-
tions in intracranial pressure are closely de-

pendent on and correlated with variations in
these solid and fluid subcomponents.

Over a wide variety of pathological as well as
normal physiological situations (normal health,
changes of posture, some forms of illness, etc.)
the quantity of blood present in the intracranial
space does not undergo significant overall vol-
ume alterations. The blood exiting the cranium
via the outgoing venous system guarantees suf-
ficient space for the arterial blood that enters
the skull with each systolic cycle, thus consti-
tuting a self-regulating mechanism of cerebral
blood flow. This flow self-adjusts to intracranial
pressure changes in order to guarantee steady
blood flow to the brain. 

Normal intracranial pressure

In order to clearly understand normal varia-
tions in intracranial pressure (ICP), a few simple
models will be discussed as examples (10). Fig.
3.1a illustrates a patient in the lateral decubitus
position, with a spinal tap needle within the lum-
bar subarachnoid space. The plane of the needle
passes through the midsagittal plane of the spine
and skull. In the case of the cranium being open
to atmospheric pressure, the fluid pressure
measured in the spine is equal to the distance be-
tween the middle sagittal plane and the upper-
most lateral wall of the cranial meninges.

When the patient is in the vertical position
(Fig. 3.1b) the hydrostatic column of CSF ap-
proximately equals the distance between the
point in which the spinal tap is positioned and
the top of the cranial meninges if it is open to
the influence of atmospheric pressure. Howev-
er, if the skull is excluded from the direct action
of atmospheric pressure but instead is imagined
to be completely closed, there is no change in
pressure on the passage from the horizontal to
the vertical position (Fig. 3.1c), because in this
case the spinal portion of the system alone is
subject to the action of atmospheric pressure.

Fig. 3.1d illustrates a normal person in a sit-
ting position with the same lumbar subarachnoid
needle in place. One can observe how the meas-
urement of pressure reaches that expected of the
cervico-thoracic junction level, thus showing to
be lower than it would have been if the intracra-
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nial space had been open to the direct influence
of atmospheric pressure, and greater than it
would be were the system completely closed. 

This series of experiments demonstrates that
the intraarachnoid craniospinal system cannot
be considered a completely closed system, as it
is in contact with atmospheric pressure through
the craniocerebral blood vessels. For the most
part this pressure effect is transmitted through
the veins that lead from the skull base or from
the peridural venous plexus at the level of the
foramen magnum.

When measuring CSF fluid pressure, the val-
ues recorded at lumbar level are greater than
those obtained from the cervical area, which are,
in turn, higher than those recorded directly at an
intracranial level. In normal subjects, the bal-
anced hydrostatic point is situated at the cervi-
cal-thoracic junction: it remains the same when
measured in either the horizontal or vertical po-
sition. The zero pressure point is situated crani-
ad to this in the cervical region of the spine. Nor-
mal intracranial pressure values fall between 9
and 13 mm Hg, and therefore values higher than
15 mm Hg are considered pathological.

The pressure-volume ratio

The various phenomena that occur in the
volumetric alterations of the intracranial com-
ponents are linked to physical laws expressed
by the pressure-volume ratio (4).

Intracranial hypertension is the result of an
increase in the total absolute intracranial vol-
ume of the contained soft tissue and fluid com-
ponents. This volume increase may be caused
by expansions in the volume of the cerebral
parenchyma, circulating blood or CSF, either
singularly or in combination. ICH does not ap-
pear immediately in response to a gradual, mi-
nor increase in volume of one of these con-
stituents, as the other components of the system
are able to compensate to a certain degree, thus
maintaining the total volume at a constant level.

The Monro-Kellie doctrine establishes that
because the volume within the skull is not able
to increase, there is a fixed relationship be-
tween the various intracranial constituents.
Therefore, if normal intracranial pressure is to
be maintained, an increase in volume of one or
more of these components or the development
of a space-occupying lesion can only take place
if there is a reduction in the volume occupied
by the others.

As alterations in the volume of the intracra-
nial nerve tissue can only be very slight, it fol-
lows that the larger compensatory alterations
take place at the expense of the volume of the
CSF and/or the circulating blood within the
craniospinal system. It is estimated that the
supratentorial structures can absorb approxi-
mately 50% of such volume alterations, the
subtentorial structures 20% and the spinal
compartment 30%. Any pathological process

Fig. 3.1 - See text. 
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that alters the volume of these compartments
reduces their total compensatory power.

Generally speaking, the CSF compartment in
particular has a relatively high capacity for ab-
sorbing increases in intracranial pressure. How-
ever, this capacity is contingent on the condition
that the pressure increase takes place gradually
and slowly. In part this is due to the high resist-
ance of the arachnoid villi to CSF filtration;
when this CSF-venous drainage rate limit is
reached, the intracranial pressure will rise. The
system’s fluid reabsorption capacity can at the
most guarantee a CSF drainage rate of 1 ml/per
minute. It therefore follows that an expansion,
for example, of a subdural haematoma may not
precipitate signs of intracranial hypertension if
it forms sufficiently slowly.

The opposite is true for the vascular com-
partment, which has very little reserve space
without circulatory insufficiency arising within
the brain. However, what reserve there is
adapts very rapidly, thanks to the direct con-
nection of the cerebrovascular network with
the systemic circulation.

Fluctuations in cerebral blood flow are gov-
erned by a number of factors such as carbon
dioxide levels, adenosine, potassium, pro-
staglandins and anaesthetics. Numerous medi-
cines, such as xantine, hypertonic saline solu-
tions and hyperosmotic solutions can also in-
crease cerebral blood flow. After a certain point
is reached, an increase in cerebral blood flow
causes an increase in intracranial pressure.

In healthy subjects, intracranial pressure ap-
pears to be controlled and maintained within a
relatively narrow range from moment to mo-
ment by minor alterations of CSF volume.
However, when intracranial hypertension is
long-standing and considerable (e.g., cerebral
oedema, intracranial space-occupying lesion,
etc.), the resulting hypercapnia induced by
these conditions causes an increase in intracra-
nial pressure in part due to the reduced amount
of fluid available for reabsorption.

To summarize, the abovementioned com-
pensation mechanisms therefore have a varying
role in intracranial pressure homeostasis. The
intracranial volume occupied by pathological
alterations can be obtained at the expense of

the CSF volume, the amount of endovascular
blood or, to a lesser extent, the brain’s intracel-
lular and interstitial water content. However,
whereas prolonged mass effect upon the brain
can produce a reduction in the amount of brain
tissue water, variations in the parenchymal cel-
lular tissue component are practically negligi-
ble. Moreover, although intraparenchymal
blood volume can represent a small buffer re-
serve, realistically it is the intracranial CSF flu-
id content that is the most important buffer
volume when intracranial alterations occur. 

Intracranial pressure waves

Temporary intracranial pressure readings are
not accurate in revealing the real characteristics
of pressure waves. However, measurements
recorded over a long period of time show a mi-
nor pulse-type pattern, due primarily to the ef-
fects of breathing and cardiac activity (5).

Three types of pressure wave alterations are
described in patients with intracranial hyper-
tension. The smallest waves, termed subtypes B
and C, are accentuations of physiological phe-
nomena: the C wave represents the breathing
component, whereas the B wave is an expres-
sion of cardiac activity. The A wave, the only
one of pathophysiological importance, can be
divided into two forms:

1) rhythmic pressure fluctuations, with in-
tervals of 15-30 minutes;

2) plateau waves, which last for longer peri-
ods of time.

The former have a frequency of 2-4 cycles
per hour, they begin spontaneously from an av-
erage or moderately high pressure base and
reach levels of 60-100 mm Hg, before returning
to their baseline values. The latter often exceed
a value of 100 mm Hg and represent, like
rhythmic waves, a serious prognostic index of
imminent serious cerebral consequences.

The relationship between intracranial 
pressure and CSF production 

The CSF produced by the choroid plexuses
is not a mere plasma filtrate, but rather an ac-
tive fluid body tissue (e.g., certain electrolytes
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have higher concentrations than does the sys-
temic blood) that functions in part via the ac-
tion of carriers and pumps.

Increases in intracranial pressure cause a re-
duction in the cerebral perfusion pressure,
which in turn results in a reduction of superfil-
trate production by the choroid plexuses by
hindering the activity of the active transport
carriers and fluid pump. CSF production ceas-
es at an intracranial pressure of 22-25 mm Hg.

The consequences of intracranial 
hypertension on cerebral circulation

Intracranial hypertension has a direct effect
upon cerebral perfusion. An increase in in-
tracranial pressure would cause a halt of the
blood cerebral blood flow when arterial and in-
tracranial pressure become equal, were it not
for the intervention of two compensatory
mechanisms: arteriolar-capillary vasodilatation
and an increase in systemic arterial pressure.

The first of these mechanisms is a cere-
brovascular self-regulation mechanism caused
by a parietal vessel reflex that acts on the mus-
cular fibres of the vessel wall, relaxing them
when the pressure inside the vessels drops; a lo-
cal increase in CO2 and metabolic acids have a
vasodilatory effect.

The increase in systemic pressure is a result of
a bulbar (i.e., brainstem) reflex triggered by
brainstem ischaemia and would only seem to
come into play once the cerebrovascular self-reg-
ulation mechanisms have failed. The latter are
efficient up to intracranial pressure values of 50-
60 mm Hg, beyond which passive vasodilatation
occurs. Increases in intracranial pressure then
take place until complete circulatory arrest ulti-
mately occurs.

Mechanical consequences of intracranial 
hypertension

By altering the mechanisms that keep in-
tracranial pressure within normal limits, in-
tracranial space-occupying lesions have an ef-
fect on cerebral perfusion but my also induce
displacements of the cerebral tissues within the
cranial cavity.

In childhood, intracranial hypertension takes
longer to manifest itself than it does in adults be-
cause of the elasticity of the immature skull. The
absence of cranial suture closure allows a degree
of expansion of the bony structure of the cal-
varia of the skull when an increase in intracranial
pressure occurs, whereas this adaptability no
longer exists in adults having a rigid skull.

The matters discussed thus far may suggest
that an increase in intracranial pressure is dis-
tributed uniformly inside the skull and is there-
fore borne equally by the various parts of the
neuraxis. However, this is not true for two rea-
sons: the majority of lesions causing intracranial
hypertension are focal in nature, and, the cere-
bral parenchyma has mechanical properties
that are similar to both those of elastic solids as
well as those of viscous fluids.

The nervous tissue adjacent to a mass under-
goes deformation, and the pressures are distrib-
uted in various ways: they are high in the vicin-
ity of the lesion and gradually diminish with dis-
tance, thus creating pressure gradients under
which the nervous tissue is displaced. These
shifts of the nervous tissue, favoured by the
oedema that reduces the viscosity of the
parenchyma, may result in internal cerebral her-
niations. Neoplasia, abscesses, haematomas and
other space-occupying lesions may cause these
dislocations of the contents of the cranium.

When intracranial hypertension associated
with mass formation occurs, initially the most
important factor to recognize clinically is not
the nature of the cause, but rather the presence
or absence of internal cerebral herniation. The
manner in which these shifts occur is more or
less similar irrespective of their cause, although
they vary with the site, size and rapidity with
which the space-occupying lesion evolves.

In the initial stages, any expanding lesion
exerts uniform pressure on the surrounding tis-
sues. These forces are opposed by others, for
example the cerebral tissue itself and the hy-
drodynamic resistance of the CSF-containing
ventricles that oppose resistance to deforma-
tion from compressive forces. Another oppos-
ing force is the cerebral vascular system and the
contained arterial pressure, as these arteries
constitute a sort of skeleton for the surround-
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ing cerebral tissue. In addition to the arteries,
the veins, nerves and meninges also oppose this
type of pressure.

It should also be remembered that the falx
cerebri and the tentorium cerebelli divide the
skull into three compartments and provide fur-
ther opposition to the dislocating effects of mass
lesions. This division of the intracranial space
allows displacements of the brain parenchyma
under the effect of space-occupying processes
only in certain directions, including: within the
same compartment, from one supratentorial
compartment to another, beneath the falx cere-
bri, downward or upward through the tentorial
hiatus, and from the posterior cranial fossa
downward into the spinal canal through the
foramen magnum.

In the presence of a space-occupying lesion,
a sequence of compensation mechanisms can
be described. Initially, the subarachnoid spaces
adjacent to the lesion are compressed, with a
flattening of the superficial gyri, distortion of
the ventricular cavities and a deformation and
dislocation of the nearby arteries and veins.
This is followed by a second phase in which the
volume of the brain tissue involved increases
due to oedema, and the CSF spaces are no
longer able to compensate for the primary and
secondary mass effect. Any further compensa-
tion requires a shift of parenchymal tissue from
one anatomical compartment to another, with
the consequent development of internal cere-
bral herniation.

Subfalcian herniations are observed in as-
sociation with dominant hemicranial lesions;
the degree of brain dislocation beneath the
falx varies according to the original site and
size of the mass lesion. For example, masses
that originate in the frontal regions are more
frequently associated with this kind of hernia-
tion as the falx cerebri is less broad anterior-
ly and consequently the free space below is
greater than that posteriorly, where the falx
and the splenium of the corpus callosum are
in closer proximity. This type of cerebral her-
niation involves the supracallosal and cingulate
gyri, the corpus callosum, the anterior cerebral
arteries and their branches, the frontal horns
of the lateral ventricles and the midline cere-

bral veins. The third ventricle is also shifted
across the midline.

Axial herniations take place through the ten-
torial hiatus in either an upward or downward
direction. This type of internal herniation caus-
es a distortion and compression of the brain-
stem. When downward and the mass effect is
sufficiently large, the herniation may also affect
the lower cerebellum, which can be displaced
through the foramen magnum.

Temporal herniations involve the medial part
of the temporal lobe and in particular the hip-
pocampus and the uncus, which can herniate ei-
ther unilaterally or bilaterally. This herniation
stretches the oculomotor nerve, compresses the
posterior cerebral artery and can impinge on the
cerebral peduncle on one or both sides. These
events are followed by secondary lesions includ-
ing oedema and haemorrhage.

Temporal herniations therefore threaten
functions regulated by the brainstem, including
vigilance, muscle tone, voluntary motion and
vegetative functions. A unilaterally expanding
temporal mass lesion is less favourable than a
bilateral one because it can cause temporal her-
niation at an earlier stage in the mass forming
process.

Downward cerebellar herniations are ob-
served as a complication of expanding process-
es in the posterior cranial fossa and may occur
in two forms that are often associated. In the
first type, the cerebellar tonsils are thrust to-
wards the upper spinal canal through the fora-
men magnum. In the second type, the upper
part of the cerebellar vermis (i.e., culmen) her-
niates upwards through the tentorial hiatus,
thus pushing the lamina quadrigemina and the
midbrain forwards. The resulting injury to the
brainstem depends in part upon vascular com-
pression and secondary ischaemia of the upper
brainstem.

Finally, internal cerebral herniations can ob-
struct the subarachnoid cisterns, thus prevent-
ing the free circulation and proper drainage of
CSF. Above the level of the herniation, in-
tracranial pressure tends to increase, whereas
below it it is normal or only slightly raised.
These differentials in CSF pressure add to the
vector of thrust and thus worsen the herniation.
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This in part explains why in such cases a lum-
bar puncture can precipitate a worsening of the
clinical status.

The relationship between intracranial 
pressure and cerebral function

Many patients with obstructive hydro-
cephalus or pseudotumor cerebri show modest
signs of cortical compromise in the presence of
high intracranial pressure, the degree of which
depends in part upon whether or not the cere-
brum in such patients was normal prior to the
onset of the pathological event. The situation is
somewhat different in patients with pre- or co-
existent parenchymal lesions, such as neoplasia
or contusions. In addition, an increase in ICP
due to the volume of the mass, cerebral oede-
ma and/or vasodilatation secondary to hyper-
capnia combine with local cerebral hypoperfu-
sion, the function of the brain adjacent to the
expanding lesion can be compromised with
even relatively low elevations of ICP (e.g., 15-
25 mm HG).

In summary, an increase in ICP causes mal-
function of cerebral function through four relat-
ed mechanisms: a generalized reduction of cere-
bral blood flow, a compression of the tissue sur-
rounding the focal mass with local cerebral mi-
crocirculatory compromise, brainstem compres-
sion and an internal herniation of brain tissue.

PATHOPHYSIOLOGICAL 
CLASSIFICATION

The general causes of intracranial hyperten-
sion can be summarized as an increase in vol-
ume of one or more of the intracranial soft tis-
sue components: the parenchyma, the CSF vol-
ume and the blood volume.

ICH Resulting From Cerebral Oedema

Cerebral oedema (13) is defined as an in-
crease in the volume of the encephalon caused
by an increase in its water content. This content

may be focal or generalized. When widespread
and severe it can be associated with neurologi-
cal signs and may ultimately result in internal
cerebral herniation. Cerebral oedema can be
divided into a number of different types, in-
cluding: vasogenic, ischaemic, cytotoxic and in-
terstitial related to hydrocephalus. Cerebral
oedema is usually accompanied by intracranial
hypertension, but there are exceptions, espe-
cially when the degree is minor.

On CT scans cerebral oedema is character-
ized by an area of hypodensity as compared to
the parenchyma. On MR oedema is hypointense
on T1-weighted images, more intense than CSF
and less than the parenchyma. On T2-weighted
scans, the relative hyperintensity of oedema
varies, and, depending on the protein content, it
can appear more or less intense relative to CSF.

Vasogenic oedema

Vasogenic oedema is the most common
form of cerebral oedema and is typically 
associated with neoplasia, abscesses, intra-
parenchymal haematomas and traumatic con-
tusion. It is caused by an increase in the per-
meability of the blood-brain barrier and usu-
ally affects the white matter with a resulting
increase in density/intensity between white
and grey matter on medical imaging. These al-
terations are due to an increase in the volume
of the extracellular fluid.

Vasogenic oedema is easily discernible in
the white matter as it generally spares the grey
matter and exerts mass effect on the ventricu-
lar structures (Fig. 3.2). After IV contrast
medium administration, a curvilinear or gyral
pattern of enhancement can often be observed
also related to the increase in blood-brain per-
meability.

Ischaemic oedema

Ischaemic oedema is the result of a cere-
brovascular accident. The pathological process
involves both white and grey matter with a loss
of differentiation on imaging between the two
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(Fig. 3.3). It causes the nerve cells to swell and
an increase in the permeability of the blood-
brain barrier. This type of oedema is both intra-
and extracellular and consists of a plasma ultra-
filtrate that includes proteins. On imaging these
alterations demonstrate peripheral contrast en-
hancement and mass effect.

Cytotoxic oedema

Cytotoxic oedema is most frequently caused
by an ischaemic-hypoxic insult such as preced-
ing cardiopulmonary arrest. Less frequently it
may be related to water intoxication, the de-
compensation syndrome in dialysis patients, di-
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Fig. 3.2 - Vasogenic oedema caused by malignant cavitary glial neoplasm. The MRI study shows extensive oedema involving the white
matter surrounding the neoplasm. Note the mass effect upon the lateral cerebral ventricles and the irregular mural contrast enhance-
ment. [a), b) T2-weighted, c) unenhanced T1-weighted, d) and T1-weighted MRI following IV gadolinium (Gd) administration].
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abetic ketoacidosis, purulent meningitis, severe
hypoglycaemia and methanol intoxication.

Brain swelling occurs within all cellular com-
ponents of the cerebrum (e.g., neurons, glia,
ependyma, endothelial cells), in both white and
grey matter, with an increase in the total intra-
cellular water content. Neuroradiologically,
findings are most frequently observed in the
cerebral and cerebellar cortex, the basal ganglia,
the hippocampus and the vascular watersheds.
The thalami and brainstem tend to be spared.

Mass effect when present results in ventricu-
lar compression and the effacement of the CSF
spaces (e.g., sulci, basal cisterns). Due to re-
duced cerebral perfusion, there may be no en-
hancement after IV contrast medium adminis-
tration.

Interstitial oedema related to hydrocephalus

This type of oedema is observed in obstruc-
tive hydrocephalus and is caused by the
transependymal passage of fluid from the ven-
tricles to the periventricular white matter, with

consequent interstitial oedema. It is typically
symmetric surrounding the anterolateral por-
tion of the lateral ventricles (Fig. 3.4).

The grey matter is normal, and there is no ab-
normal enhancement after contrast medium ad-
ministration. These periventricular alterations
regress following proper ventricular shunting or
spontaneous resolution of the hydrocephalus.

ICH RELATED TO ABNORMAL CSF
PHYSIOLOGY

Pseudotumor cerebri

Pseudotumor cerebri is a condition (13) hav-
ing an undefined pathogenesis that usually af-
fects young, obese patients with or without hy-
percorticism and menstrual disorders. It is typ-
ically observed in females that are otherwise
healthy. Electroencephalograms are normal,
and the mental status is intact.

Signs and symptoms associated with pseudo-
tumor cerebri include headache, nausea, vomit-
ing and diplopia. Bilateral papilloedema is pres-
ent, and visual loss is documented in one-third
of cases, which becomes permanent in one of
eight patients. The diagnosis is determined from
lumbar punctures showing an increase in CSF
pressure and from neuroradiological studies
that exclude the presence of hydrocephalus,
mass-forming processes and thrombosis of the
dural venous sinuses.

In approximately 36% of cases, CT and
MRI are negative; in the remainder, the follow-
ing findings may be seen: a small ventricular
system and a failure to visualize the basal cis-
terns; small ventricular system with normal vi-
sualization of the basal cisterns; empty sella tur-
cica; and enlargement of the sheaths of the op-
tic nerves. With normalization of fluid pres-
sure, the ventricular and periencephalic fluid
spaces return to normal.

HYDROCEPHALUS

CSF (3) is secreted by the choroid plexuses,
especially those within the lateral cerebral ven-
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Fig. 3.3 - Hemispheric cerebral infarction. Unenhanced axial
CT demonstrates a large hypodense area in the vascular distri-
bution of the right anterior and middle cerebral arteries associ-
ated with mass effect.



tricles. CSF is a clear, colourless fluid containing
very few cells (approximately 2 per mm3) and lit-
tle protein (normal range: 25-40 mg/100 ml). It
has a different ionic composition as compared to
plasma, as active secretion mechanisms such as
carriers and pumps contribute to its production.

Interposed between the capillary blood of
the choroid plexuses and the intraventricular
CSF is a blood-fluid barrier, which is perme-
able to water, oxygen, carbon dioxide and to a
lesser degree to electrolytes, but is imperme-

able to cellular and protein components of the
blood. Certain drugs (e.g., acetazolamide,
furosemide) and metabolic and respiratory al-
kalosis reduce CSF production.

Once produced, CSF passes from the lateral
ventricles, through the foramina of Monro into
the 3rd ventricle and from there through the
aqueduct of Sylvius into the 4th ventricle. From
the 4th ventricle, the CSF passes through the
foramina of Luschka and Magendie, to reach
the subarachnoid spaces of the skull base.
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Fig. 3.4 - Neoplasm of the cerebellar vermis with obstructive hydrocephalus. The MRI examination shows a contrast enhancing mass
(a) likely originating within the cerebellar vermis that compresses the 4th ventricle and has resulted in obstructive hydrocephalus (b).
The T2-weighted images reveal transependymal extravasation of CSF into the periventricular white matter (c, d).
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Thereafter the CSF passes into the anterior
pericerebellar cisterns and surrounds the brain-
stem. CSF therefore generally follows two path-
ways, one medial and one lateral.

Along the medial pathway, it reaches the
prepontine, interpenducular, suprasellar, chias-
matic and terminal laminar cisterns, until arriv-
ing at the subfrontal regions. Then it reaches
the superior sagittal sinus, through the inter-
hemispheric spaces. Simultaneously, it flows
upward through the pericerebellar, lamina
quadrigemina and pericallosal cisterns until
reaching the region surrounding the superior
sagittal sinus. Along the lateral pathway, the flu-
id passes from the interpeduncular, prepontine,
ambient and suprasellar cisterns into the Syl-
vian fissures, and from there through the sub-
arachnoid spaces over the cranial convexity.

In these locations over the cranial convexity
are the arachnoid villi of the Pacchionian granula-
tions, which are essential for the proper reabsorp-
tion of CSF into the venous blood of the dural ve-
nous sinuses. This absorption partly depends up-
on the hydrostatic pressure gradient between the
CSF and blood of the dural sinuses. When this
gradient is sufficient, the microtubules of the
granulations remain open and permit the passage
of CSF towards the bloodstream. If, however, the
difference in pressure is very high, the tubules
close, thus preventing the reabsorption of fluid.

In addition to this reabsorption mechanism,
limited absorption apparently takes place along
the perineural sheaths of the cranial and spinal
nerves, through the surfaces of the neuraxis
bordering upon the subarachnoid space and
through the ventricular ependyma.

The total volume of CSF within the sub-
arachnoid spaces in normal adults is approxi-
mately 120-160 ml, and 30-40 ml is present
within the cerebral ventricles. The intraventric-
ular CSF pressure is 712 cm of water, and the
lumbar pressure is 8-18 cm of water.

Hydrocephalus: diagnostic morphological 
aspects

The term hydrocephalus is used to describe
any condition in which an abnormal increase in

the volume of CSF occurs within the cranium.
There are four possible types (1, 8, 11).

In obstructive hydrocephalus, there is a
blockage to the passage of CSF through the
ventricular cavities and outlets, with a dilation
of the ventricular spaces proximal to the ob-
struction. Frequent causes are neoplastic and
nonneoplastic mass-forming lesions; another
relatively common aetiology is fibrotic adhe-
sions secondary to inflammatory and haemor-
rhagic processes. The CSF obstruction may oc-
cur at the level of the foramina of Monro (e.g.,
neoplasia, inflammatory processes), the 3rd ven-
tricle (usually neoplasia), the cerebral aqueduct
of Sylvius (e.g., congenital atresia, inflammato-
ry stenoses), posthaemorrhagic adhesions, or in
the 4th ventricle (e.g., neoplasia, craniocervical
malformation, infection or subarachnoid haem-
orrhage).

From an imaging point of view, obstructive
hydrocephalus is characterized by a symmetric
dilation of the ventricular system proximal to
the point of obstruction. Characteristic is the
rounded appearance of the dilation of the
frontal horns, with a reduction of the angle be-
tween the medial walls of the frontal horns
themselves (<100 degrees). If involved in the
process, the 3rd and 4th ventricle are also dilat-
ed. The basal subarachnoid cisterns are either
normal or mildly encroached upon, as are the
superficial cerebral sulci, which are either ab-
sent or smaller than usual.

Unilateral obstruction of one of the forami-
na of Monro causes the distension of one later-
al ventricle only. Such obstructions may be in-
termittent if the obstructive process is valvular,
with clinical manifestations of headache, nau-
sea and vomiting. Characteristically, these
episodes resolve rapidly when and if CSF
drainage is restored. On the other hand, if both
foramina of Monro are involved, the obstruc-
tive hydrocephalus is limited to the lateral ven-
tricles.

An obstruction of the aqueduct of Sylvius
causes supratentorial triventricular dilation
(i.e., the 3rd ventricle and lateral ventricles).
Aqueductal stenosis is a frequent cause of hy-
drocephalus in infancy and the early stages of
childhood. As at this age the cranial sutures are
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not yet fused, macrocrania develops. If, howev-
er, hydrocephalus develops in late childhood
after closure of the sutures, the enlargement of
the skull is absent or at most modest. In adults
the aqueduct is more frequently compressed by
a tumour (e.g., periaqueductal astrocytoma)
(Fig. 3.5).

If the 4th ventricle or its outlets are obstruct-
ed, all the other parts of the ventricular system
are distended. Obstruction of the foramen of
Magendie can be caused by a developmental

malformation (e.g., Arnold-Chiari malforma-
tion [Fig. 3.6], platybasia and basilar invagina-
tion, atlantooccipital fusion, etc.) or alternative-
ly a peri- or intraventricular tumour. The foram-
ina of the 4th ventricle can also become non-
patent due to a granulomatous ependymitis,
caused for example, by the tubercle bacillus. An
entrapped 4th ventricle refers to a simultaneous
obstruction of the aqueduct of Sylvius and the
foramina of Luschka and Magendie, with a con-
sequent distension of its cavity (Fig. 3.7).

In decompensated obstructive hydro-
cephalus, the transependymal passage of fluid
is more evident in the anterior-lateral portion of
the frontal horns, and on CT has a reduction in
periventricular density with regular margins (or
an increase of signal on T2-weighted MR im-
ages, Fig. 3.4).

In communicating hydrocephalus there is a
lack of fluid reabsorption due to the thrombo-
sis of the venous sinuses, malfunction of the
arachnoid granulations or poor circulation
within intracranial subarachnoid spaces due 
to meningitis, meningeal carcinomatosis or fol-
lowing a subarachnoid haemorrhage. Blood,
pus, meningeal metastases or adhesions may
mechanically obstruct the fluid circulation path-
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Fig. 3.5 - Mesencephalic tuberculoma with obstructive hydro-
cephalus. The MRI shows a contrast enhancing mass lesion of
the posterolateral midbrain resulting in stenosis of the aque-
duct of Sylvius and obstructive hydrocephalus. [a) axial T2-
weighted and b) sagittal T2-weighted MRI; c) coronal T1-
weighted MRI following IV Gd].b

c
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ways in the basal subarachnoid cisterns and/or
involve the arachnoid granulations. The con-
nection of the cranial subarachnoid space to the
spinal subarachnoid space may remain patent.

After a certain time, chronic inadequate flu-
id reabsorption can produce an enlargement of
the ventricles without an attendant increase in
fluid pressure (normotensive hydrocephalus).
In acute hydrocephalus, the CSF is reabsorbed
vicariously by the minor resorption systems,
firstly by the transependymal pathway, with the
appearance of typical findings of hypodensity
on CT and hyperintensity on T2-weighted MRI
in the periventricular white matter (Fig. 3.8).
This absorption pathway is more permeable
than the normal one and permits the passage
through the periventricular white matter of
even large protein molecules. 

In communicating hydrocephalus, the dila-
tion starts from the anterior and temporal horns,
followed by the occipital horns and the 3rd ven-
tricle. The 4th ventricle is not necessarily dilated.
Occasionally, dilated sulci can also be observed
in hydrocephalus associated with a block of the
subarachnoid spaces over the cranial convexity.
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Fig. 3.6 - Type II Arnold Chiari malformation with obstructive
hydrocephalus The MRI examination demonstrates cerebellar
tonsillar ectopia, fourth ventricular outlet obstruction and hy-
drocephalus. In addition, there is right occipital encephaloma-
lacic porencephalic cyst and cervicothoracic syringohydromyelia.
[a) sagittal T1- weighted cranial MRI; b) sagittal T1-weighted
cervical MRI; c) axial T2-weighted cranial MRI]. b
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In hypersecretory hydrocephalus, there is an
increase in the production of CSF (beyond the
normal 0.3-0.4 ml/minute) in the choroid
plexuses due to infection or the presence of a
choroid plexus papilloma.

Lastly, in ex-vacuo ventricular enlargement
there is a passive increase in the ventricular
and extraventricular CSF spaces without an in-
crease in the intraventricular fluid pressure.
This type of ventricular enlargement is due to
a generalized atrophy of the brain parenchy-
ma (Fig. 3.9). Generalized atrophy results in a
symmetric dilatation of the ventricular system,
which may principally involve the lateral ven-
tricles although the 3rd ventricle may also be
affected. If there is atrophy of the structures
of the posterior fossa, the 4th ventricle will al-
so be passively enlarged. The angle between
the frontal horns is always greater than 110 de-
grees. The basal subarachnoid cisterns and the
superficial cerebral sulci can be normal, how-
ever they more frequently are widened in syn-
chrony with the overall atrophy.

Functional diagnosis

CT and MRI are excellent techniques for il-
lustrating the morphological characteristics of

hydrocephalus as well as the presence of the
underlying pathology when this pathological
change is a mass. However, both techniques
have limitations in their ability to directly
demonstrate the obstructing element to CSF
circulation resulting from adhesions of inflam-
matory or haemorrhagic origin.

Radionuclide myelocisternography (12) or
myelocisternal-CT with water-soluble contrast
medium can be used to study CSF circulation,
subject to the intrathecal spinal introduction of
the tracer or contrast agent (e.g., 111-In DTPA
and Iopamiro 300, respectively) and subse-
quent serial imaging in order to follow the
progress of the agent through the subarachnoid
spaces of the cranium.

In normal subjects, the basal subarachnoid
cisterns show presence of the tracer or con-
trast by the first to third hour, and the Sylvian
fissures at the fourth to sixth hour. The sub-
arachnoid spaces over the cranial convexity
are normally opacified by the 12th hour, and
more completely at the 24th hour. In normal
subjects, the cerebral ventricles are never
opacified. The imaging appearance of the
cerebral ventricles in normal subjects depends
in part upon the age of the patient. CSF opaci-
fication is more rapid in children, typically
disappearing by the 24th hour, than in the eld-
erly, in whom opacification over the convexity
can persist beyond the 48th hour.

The radioisotopic technique can also be
used to study CSF/plasma clearance of the trac-
er by means of a series of blood samples. In
normal subjects, this will give the following
haematological activity values as a percentage
of the dose injected: 2nd hour: 1.6%; 6th hour:
10%; 24th hour: 33%; 48th hour: 41%.

The study of cerebrospinal fluid circula-
tion and CSF/plasma clearance in normoten-
sive hydrocephalus enables some prognostic
indication for the efficacy of the treatment
with surgically placed shunts. This shunt op-
eration proves to be effective in clinical prac-
tice in patients with normotensive hydro-
cephalus, in whom myelocisternal scintigra-
phy shows a constant, early and persistent
opacification of the cerebral ventricles after
the 48th hour.

208 III. INTRACRANIAL HYPERTENSION

Fig. 3.7 - Trapped 4th ventricle with hydrocephalus. T1-weighted
MRI showing a trapped 4th ventricle associated with obstructive
hydrocephalus in a patient with tuberculous meningitis.



Potentially important diagnostic informa-
tion can also be supplied by prolonged and
continuous pressure monitoring of ventricular
fluid using a catheter or by Katzman’s lumbar
infusion test. The latter technique involves the
continuous infusion of the lumbar subarach-
noid space with a physiological solution at a
speed of 0.8 ml/minute; in normal subjects
there is an increase in fluid pressure up to a

plateau of approximately 20 mm Hg after
about 30 minutes. In CSF reabsorption disor-
ders such as hydrocephalus there will be a
marked and early increase in CSF pressure
values.

If the subarachnoid spaces, typically at a
spinal level, are isolated from one another due
to a blockage of CSF circulation at some point,
the CSF below the blockage will undergo an
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Fig. 3.8 - Normotensive communicating hydrocephalus. The MRI images show a thin margin of hyperintensity representing chronic
gliosis surrounding the lateral ventricles in a patient with clinically diagnosed chronic normotensive communicating hydrocephalus,
not transependymal extravasation of CSF. [a, b) proton density-weighted MRI; c, d) T2-weighted MRI].
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abnormal increase in cells (i.e., Froin’s syn-
drome), while that above the obstruction will
have a normal cell and protein content.

Clinically, the Queckenstedt test (i.e., jugu-
lar compression test) (2) is usually sufficient to
establish whether there is a partial or total CSF
obstruction. With the patient in a lateral decu-
bitus position, a lumbar puncture is performed
and fluid pressure is measured. In normal con-
ditions this pressure alters in synchrony with
pulse and breathing. In normal subjects CSF
pressure alters in a very marked and rapidly
reversible manner with abdominal compres-
sion. The mechanism for this is via an increase
in intraabdominal pressure originating from a
temporary blockage of the spinal veins, in turn
resulting in an increase in intraspinal fluid
pressure; this demonstrates that there is no 
obstruction in the subarachnoid space at the
spinal level. 

If this abdominal compression test confirms
that the subarachnoid space is not obstructed,
and in the absence of intracranial hypertension
and an intracranial mass, one can perform the
Queckenstedt manoeuvre by compressing both
internal jugular veins simultaneously. This will

cause an increase in intracranial venous pres-
sure with a resulting increase in intracranial flu-
id pressure, which in normal conditions will be
transmitted along the spinal subarachnoid
spaces to the lumbar level of CSF pressure
measurement. However, if there is a blockage
in the spinal canal or at the cranio-cervical
junction, the expected pressure increase will
not reach the pressure gauge. If the increase in
CSF pressure at the level of the pressure gauge
is slow and incomplete in returning to normal
once the pressure on the jugular veins has been
removed, an incomplete blockage can be as-
sumed.

MRI is also capable of supplying important
information on spinal and intracranial fluid
spaces and its circulation. In sectors of the sub-
arachnoid space with high pulsatile CSF
speeds, the MR signal normally disappears due
to the flow void phenomenon. This can typical-
ly be observed in the aqueduct of Sylvius, the
foramina of Monro, the 3rd ventricle and in the
region of the foramen of Magendie. 

A circulation blockage with CSF stasis will
bring about a disappearance of this phenome-
non. Using gradient-echo sequences combined
with ECG gating, these phenomena can also be
studied dynamically with CSF flow measure-
ments (6). 

ICH RELATED TO VASCULAR CAUSES

A third cause of ICH is a relative increase in
the amount of blood contained in the cranial
cavity. This form of ICH may involve the ve-
nous or the arterial system. ICH may have a ve-
nous cause when the circulation of the return-
ing blood is obstructed, which can occur in cas-
es of venous thrombosis associated with throm-
bophlebitis of the dural venous sinuses, or in
instances of mediastinal compressive pathology.
In this type of ICH, the venous congestion re-
sults in a partial inhibition of normal CSF
drainage.

Increases in intracranial blood volume may
also affect the arterial capillary sector of cere-
bral circulation. In active vasodilatation, the
effect is usually due a local increase in CO2,
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Fig. 3.9 - Ventriculomegaly with passive cerebral atrophy. Axi-
al CT shows passive cerebral atrophy associated with ventricu-
lomegaly.



which, irrespective of its origin ultimately re-
sults in a vicious circle arising once intracra-
nial hypertension has begun. In passive va-
sodilatation there is a loss of cerebrovascular
autoregulation as a consequence of a systemic
acidosis. In this situation, the vessels become
passively distended by the systemic blood
pressure.

AETIOLOGICAL CAUSES 
OF INTRACRANIAL HYPERTENSION

Intracerebral tumours represent the most
frequent cause of intracranial hypertension. Be-
yond the size of the mass itself, the principal
pathophysiological mechanism involved in
ICH production in many neoplasms is oedema.
However, not all tumours are equally produc-
tive of oedema, the most oedema-inducing be-
ing glioblastomas and neoplastic metastases.
Low degree gliomas by comparison cause little
or no oedema, and when present it remains lo-
calized to the immediate area around the lesion.
Extracerebral tumours such as meningiomas,
on the other hand, may become quite large be-
fore causing ICH.

Expanding lesions localized to the subtento-
rial compartment can lead to intracranial hy-
pertension in part by CSF obstruction. This
tends to occur earlier in intraventricular tu-
mours and those of the midline (e.g., medul-
loblastomas and ependymomas) than in lateral-
ly positioned tumours (e.g., neoplasia of the
cerebellar hemispheres and the cerebellopon-
tine angle), which typically cause a delayed in-
crease in intracranial pressure.

Intracranial hypertension of a vascular cause
is observed in a number of conditions. For ex-
ample, in arterial hypertension, oedema can al-
so occur as a result of paroxysmal hyperten-
sion. Subarachnoid haemorrhages are always
accompanied by an initial episode of intracra-
nial hypertension due to a blockage of the CSF
reabsorption pathways by the haemorrhage.
The subarachnoid blood usually reabsorbs
without sequelae; however, if the haemorrhage
has been widespread or is a rebleed, subarach-
noid adhesions can form with the possible de-

velopment of a secondary form of hydro-
cephalus. Intraparenchymal haematomas with
perilesional oedema behave as a mass forma-
tion and can occasionally result in the onset of
ICH. Intracranial pressure usually sponta-
neously returns to normal with resolution of
the haematoma.

Among the types of intracranial hyperten-
sion of infectious origin, acute meningitis is
typically associated with ICH. Pyogenic cere-
bral infections are almost always oedema-in-
ducing, and ICH is rarely absent in the acute
phase. Viral encephalitis can also be accompa-
nied by considerable cerebral oedema and re-
sultant ICH.

Serious cranial trauma is often associated
with varying degrees of ICH, due both to the
presence of an intraparenchymal haematoma in
parenchymal contusion foci, as well as to relat-
ed oedema and haemodynamic alterations. In
fact, in the initial phase that follows trauma, an
increase in cerebral blood volume plays an im-
portant role in the pathological increase in in-
tracranial pressure.

ICH can also be observed in cases of intoxi-
cation from carbon dioxide, lead, arsenic or fol-
lowing allergic reactions. 

In summary, while there are many potential
causes of ICH, the majority are due to disorders
of fluid dynamics that can be primarily attrib-
uted to mass-forming processes as well as to ob-
structions to CSF circulation due to haemor-
rhagic, infectious or neoplastic involvement.
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INTRODUCTION

The clinical onset of intracranial neoplasia is
typically subacute and progressive, or charac-
terized by episodes of epilepsy; however, it is
not infrequent for a tumour to present with an
acute clinical syndrome, requiring emergency
diagnostic imaging. This need arises in cases as-
sociated with an abrupt onset of intracranial
hypertension, seizure or focal neurological
deficit. This acute onset can be caused by alter-
ations that result in a progressive mass effect of
the neoplasia upon the adjacent nervous tissue
and subarachnoid spaces, including the
changes of perilesional oedema, haemorrhage
and hydrocephalus.

The volume of the tumour can vary sudden-
ly in response to involutional intrinsic tumoral
phenomena such as necrosis or haemorrhage.
These effects usually take place secondary to
the inadequacy of the neoplastic vascular archi-
tecture, but can also be a result of the effects of
radio- or chemotherapy. In addition, in certain
tumours such as astrocytomas, primitive neu-
roectodermal tumours (PNET) and cranio-
pharyngiomas, the formation and/or distension
of an internal cyst may take place very quickly.

Perilesional vasogenic oedema, a result of
the primitive nature of the neovasculature of

the tumour, the intratumoral degenerative ef-
fects described above and the effects of these
phenomena upon the surrounding neural tis-
sue, increases the overall volume of the area
involved and therefore causes an increase in
the so-called tumoral mass effect. The most
severe consequence of neoplastic mass effect
is internal cerebral herniation. Perilesional
vasogenic oedema is variably proportionate
to the size of the tumour, its speed of
growth, its internal constitution including its
vascular supply, and the effects of the lesion
upon the surrounding tissue. Therefore,
small intraparenchymal metastatic lesions are
typically accompanied by substantial vaso-
genic oedema, whereas benign tumours such
as meningiomas, which are slow-growing and
extraaxial, often have no perilesional oede-
ma unless they have grown through the over-
lying pia mater of the underlying brain 
or have internal complication (e.g., intrinsic
necrosis).

Hydrocephalus, which can also be limited
to one or more ventricular cavities (i.e., caused
by entrapment), is usually a result of the mass
effect of the neoplasm; a typical example is
monoventricular hydrocephalus secondary to
the distortional parenchymal effect that caus-
es effacement and ultimate obstruction of the
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foramen of Monro. Certain intraventricular
tumours, or those adjacent to critical points of
CSF outflow (aqueduct of Sylvius), can be the
direct cause of subarachnoid space obstruc-
tion. However, in such cases the hydrocephal-
ic condition usually sets in slowly and symp-
toms have a subacute although progressive
pattern.

In this summarized introduction dedicated
to neoplastic emergencies, we will briefly con-
sider examination technique, the key points
of imaging findings and certain particular
posttraumatic clinical and diagnostic situa-
tions.

IMAGING EXAMINATION TECHNIQUE

True radiological emergencies are usually
imaged first using CT due to the considerable
speed with which examinations of uncoopera-
tive patients with serious conditions must be
carried out. In addition, when the ictal symp-
tomatology points to a haemorrhage, CT is the
imaging technique having the greatest sensi-
tivity. 

However, in the case of cooperative pa-
tients, and where available, MRI using fast
sequences could become the technique of
choice in neurological emergencies. Wide
user agreement attributes clear superiority to
MRI over CT in recognising the lesion site,
probable type, relationship to the adjacent
structures and therefore the true extent of
the pathological process, in part due to its
multiplanar nature and greater definition of
contrast resolution. When useful, MRA se-
quences, with or without paramagnetic con-
trast media, make it possible to obtain a gen-
eral vascular map of the area non-invasively,
which is helpful for differential diagnostic
purposes as well as for surgical planning (2,
13, 16). Nevertheless, MRA today is scarce-
ly sensitive to neoplastic vasculature. Final-
ly, the use of functional MR sequences may
be beneficial in some patients preoperative-
ly, especially when the lesion is near neuro-
logically sensitive areas such as the motor ar-
eas of the cerebrum (2).

SEMEIOTICS

a) Recognition of the neoplastic nature and defi-
nition of the site/origin of the lesion
The radiologist must be able to recognize

the neoplastic nature of the lesion and to define
its site with accuracy. In particular, the intra- or
extraaxial site of the tumour and the relation-
ship of the lesion with the surrounding sub-
arachnoid spaces, the nervous and the vascular
structures must be discerned. Neoplastic le-
sions are defined by the density/signal alter-
ations as compared to the surrounding neural
tissue, the degree and pattern of enhancement
after IV contrast administration and its margin-
al characteristics. The further definition of the
supra- or subtentorial position of the lesion
guides the differential diagnosis and treatment
planning (5, 13, 16).

b) Characterization of the pathological tissue
The majority of neoplastic lesions are char-

acterized by an increase in free water and there-
fore a relative hypointensity on T1-weighted
MRI, hyperintensity in PD- and T2-dependent
sequences and a relative hypodensity on CT.
Exceptions to these rules are those tumours
with a high cellular and a high nucleus/cyto-
plasm ratio (e.g., PNET, germinoma, lym-
phoma) that present signal degeneration in T2-
dependent images and a relative hyperdensity
in CT (Fig. 3.10). IV contrast medium adminis-
tration is almost always used in the examination
of cerebral tumours and is only of somewhat
limited value in generally haemorrhagic lesions
(2, 13, 16).

c) Detection of “acute” intraneoplastic alterations
Cystic and necrotic areas are often pres-

ent within tumours, and it can sometimes be
impossible to distinguish between the two
subtypes. The cyst CT density and MR sig-
nal characteristics depend on their content
and can vary greatly, although they are typi-
cally characterized by marked hypodensity
on CT and generally iso- hypointensity as
compared to CSF on MR sequences; the sig-
nal and density generally increase with a rise
in protein content. As noted above, the dis-
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Fig. 3.10 - Pineal region germinoma with obstructive hydrocephalus. A solid mass is seen in the pineal region characterised by
marked, homogeneous contrast enhancement. There is compressive obstruction the aqueduct of Sylvius resulting in obstructive hy-
drocephalus. Also identified are associated signs of CSF hypertension revealed as transependymal extravasation of the CSF signalled
by the broad margin of hyperintensity within the periventricular white matter on T2-weighted sequences. [a) axial CT following IV
contrast; b, c) axial proton density-, T2-weighted MRI; d) sagittal T2-weighted MRI].
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tinction between tumour cysts and necrosis
is not often possible and is not always use-
ful. That being said, necrosis is generally
characterized by a heterogeneous content

with irregular, nodular walls and markedly
inhomogeneous contrast enhancement (Fig.
3.11) (2, 13, 16). Intraneoplastic haemor-
rhages include both microhaemorrhages and
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Fig. 3.11 - Glioblastoma multiforme. The CT and MRI studies show a large, necrotic left hemispheric glioblastoma associated with
extensive perilesional vasogenic oedema resulting mass effect and lateral subfalcian herniation. [a, b) unenhanced axial CT; c, d, b)
PD-, FLAIR, T2-weighted MRI; f, g) T1-weighted axial and coronal MRI following IV Gd].
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macroscopic haemorrhages; these larger
haemorrhages occur in approximately 1-15%
of all neoplasias (2, 16, 20). This haemor-
rhagic frequency tends to increase within the
subgroup of malignant tumours and espe-

cially in cases of metastases and malignant
gliomas (2, 10, 12, 19, 23). There are a num-
ber of possible intraneoplastic causes of
haemorrhage; among these are: primitive tu-
moral neovascularization with a disorderly
endothelial proliferation and formation of ar-
teriovenous shunts, rapid tumour growth
with subsequent ischaemic necrosis, release
of plasminogens and vascular infiltration by
the tumour (2, 6, 11, 23, 24). The metabo-
lism within haemorrhagic neoplasia is vari-
able, but is generally lower than that ob-
served in “benign” haemorrhages (1, 2). 

Deoxyhaemoglobin, which is usually only
found in the acute phase of haematomas between
7-72 hours from onset, can persist for weeks in
intratumoral haemorrhages. Methaemoglobin,
which forms in the subacute phase (i.e., 4-30
days), remains along the peripheral rims of
haematomas for months in neoplastic haemor-
rhages. Haemosiderin, observed in the final
stage of haemorrhage evolution, is typically ab-
sent. It is theorized that this altered evolution
of the haemoglobin derives from the low oxy-
gen tension obtaining in tumours on which the
persistence of methaemoglobin depends (1, 7,
8, 14, 15, 21). Therefore, the density character-
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Fig. 3.12 - Malignant astrocytoma associated with subfalcian herniation. The images demonstrate a left frontal cortex haemorrhagic
lesion with marked perilesional vasogenic oedema that compresses the ipsilateral ventricle and results in subfalcian herniation of the
contralateral midline structures. There are cystic, necrotic components with various haemoglobin species in different stages of break-
down. After IV contrast medium administration irregular enhancement of the margins of the lesion is observed. [a) unenhanced ax-
ial CT; b, c, d) axial T1-, PD-, T2-weighted MRI.
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Fig. 3.12 (cont.) - e) Axial T2*-weighted, f) axial T2-weighted
and g) coronal T2-weighted MRI.
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istics on CT and signal intensity on MRI of in-
tratumoral haemorrhages differ somewhat from
those of benign haemorrhages. In addition,
neoplastic haemorrhages tend to appear more
heterogeneous and complex (Fig. 3.12). Non-
haemorrhagic areas of solid tumour and cystic-
necrotic components with blood-fluid levels
may also coexist with tumour enhancement af-
ter IV contrast medium administration. Finally,
one last fundamental characteristic of many tu-
mours is the persistence on imaging in the
chronic phase of a marked hyperintense band
of signal intensity surrounding the haemor-
rhage on long TR images due to vasogenic
oedema (1, 2, 16, 18).

d) Vasogenic oedema
The most frequent observation within the

cerebral nervous tissue surrounding a neo-
plasia is vasogenic oedema. Vasogenic oede-
ma causes an increase in intracranial volume
as well as that of the affected neural tissue.
This oedema is hypodense on CT, hypoin-
tense in T1-weighted sequences and hyper-
intense on PD- and T2-weighted images. As
mentioned previously, the origin of the
oedema does not depend so much on the
size of the neoplastic lesion as it does upon
the speed with which the tumour grows, the
fundamental nature of the intrinsic angio-
genesis and the integrity of the blood-brain
barrier (2, 5, 13, 16) (Fig. 3.12). 

e) Internal cerebral herniation
The localized increase in cerebral volume

caused by the neoplasia itself, as well as by
associated haemorrhages, cysts, intratumoral
necrosis and/or vasogenic oedema can deter-
mine the displacement of adjacent structures
(cerebral, ventricular, subarachnoid spaces).
The skull is divided by two large relatively
rigid meningeal structures, the falx cerebri
and the tentorium cerebelli, into three sub-
compartments. Depending upon the focus of
the mass effect in relation to the tentorium,
a distinction is made between supra- and sub-
tentorial space; the falx represents an incom-
plete separation between the cerebral hemi-
spheres in the midline. The cerebral struc-
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Fig. 3.12 (cont.) - h, i) axial and coronal T1-weighted MRI
following IV Gd]. 
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Fig. 3.13 - Pilocytic astrocytoma. Identified is a mass lesion of
the right cerebellar hemisphere characterised by a cystic core
and thick rim of solid tissue. The neoplasm compresses the 4th

ventricle and brainstem resulting in obstruction of the aque-
duct of Sylvius aqueduct and obstructive hydrocephalus. This

in turn results in herniation of the midline inferior cerebellar structures caudally into the foramen magnum and cranially through
the tentorial hiatus. [a, b) unenhanced axial CT; c) sagittal T1-weighted spin echo MRI; d) coronal inversion recovery T1-weight-
ed MRI].
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Fig. 3.14 - Anaplastic choroid plexus papilloma. The imaging
studies show an inhomogeneous mass lesion whose epicentre is
located within the left lateral ventricular trigone, characterised
by an enhancing solid nodule and a cystic component with thin
mural contrast enhancement. There is some associated perile-
sional vasogenic oedema. The sum mass effect results in minor
lateral herniation of the midline supratentorial structures be-
neath the falx cerebri. [a, b, c) axial T1-, T2-, PD-weighted
MRI].
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tures adjacent to a mass are pushed towards
regions of lesser resistance and tend to move
towards the pathways of communication be-
tween the various endocranial subcompart-
ments, resulting in so-called internal cerebral
herniations. The compressive effect of an ex-
panding hemispheric lesion can cause herni-
ation of the paramedian cerebral structures,
the lateral ventricles, the 3rd ventricle and the
anterior cerebral artery and its immediate
branches below the falx cerebri towards the
contralateral hemicranium causing a subfal-
cian herniation (Fig. 3.11, 3.12). A subfalcian
herniation can in turn become complicated
by an infarction of the territory of the ante-
rior cerebral artery branches involved. In ad-
dition, uni- or biventricular hydrocephalus
may ensue due to the obstruction of the
foramina of Monro as a result of parenchy-
mal distortion phenomena.

An expanding process situated in one cere-
bral hemicranium, especially if positioned in
the middle cranial fossa, may push the uncus of
the temporal lobe medially and downward be-
tween the free edge of the tentorium cerebelli
and the ipsilateral cerebral peduncle into the
perimesencephalic cistern; in the most severe
cases, the brainstem, ipsilateral posterior cere-
bral and anterior choroid arteries and basal
vein(s) of Rosenthal are compressed. This type
of internal cerebral dislocation is termed de-
scending transtentorial herniation.

An expanding cerebellar hemispheric le-
sion can compress the upper midline and
paramedian structures of the posterior fos-
sa, pushing them upward towards the tento-
rial incisura, ascending transtentorial herni-
ation, and simultaneously may dislocate the
cerebellar tonsils and lower vermis down-
ward through the foramen magnum, de-
scending foramen magnum herniation (Fig.
3.13).

Transtentorial herniations, be they descend-
ing or ascending, may cause the infarction of
tissue in the distribution of the posterior cere-
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Fig. 3.14 (cont.) - d, e) Axial and sagittal T1-weighted MRI fol-
lowing Gd].e
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Fig. 3.15 - Postsurgical infection of surgical site. The surgical cavity demonstrates air with irregular contrast enhancement along the
resection margins; hypodensity persists in the adjacent white matter due to persistent vasogenic oedema. The CT findings described
are of uncertain significance, as they are still compatible with expected postsurgical alterations, however the associated clinical find-
ings (headache and high fever) suggest a probable infection of the surgical site. [a, b) unenhanced axial CT; c, d) axial CT following
IV contrast].
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d
Fig. 3.16 - Postsurgical cerebritis. The CT examination shows diffuse hypodensity of the subcortical and deep white matter of the
right cerebral hemisphere consistent with oedema, with inhomogeneous contrast enhancement and marked mass effect. The mass re-
sults in compression of the ipsilateral ventricle, subfalcian herniation of the midline supratentorial structures and early dilation of the
contralateral ventricle caused by obstruction at the level of the foramen of Monro on the left side. The ipsilateral perimesencephalic
cistern is obliterated due to downward internal herniation of the uncus of the temporal lobe. [a, b) unenhanced axial CT; c, d) axial
CT after IV contrast].
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bral arteries, the perforating arteries of the mid-
brain and the upper cerebellar arteries. In ad-
dition, obstructive triventricular hydrocephalus
may occur as a result of the parenchymal com-
pression/distortion of the aqueduct of Sylvius
by the herniative process.

Internal cerebral herniation is a serious
complication that may bring about a rapid es-
calation of clinical signs and symptoms, and
therefore its neuroradiological recognition can
profitably alter the therapeutic approach. It
must be underlined that the clinical expression
of severity of the herniation is in part directly
proportional to the rapidity with which it
forms; in the presence of a herniation into the
foramen magnum or a descending transtento-
rial herniation, lumbar punctures are to be
considered absolutely contraindicated in that
they can result in a fatal compression of the
brainstem (4, 5, 17).

f) Hydrocephalus
The effect of a tumour on CSF dynamics

must be evaluated and, in particular, hydro-
cephalus must be recognized. The site of the
obstruction must be established. The portion
of the ventricular system situated proximal to
the obstruction undergoes distension which
can be acute. The level of the obstruction is
usually the foramina or pathways of commu-
nication between the ventricles (e.g., foramina
of Monro, aqueduct of Sylvius), which are
compressed by the parenchymal distortion
(Figs. 3.10, 3.13). In certain cases, neoplasia
can cause an entrapment of a small section of
the ventricular section; one typical example is
a neoplasm located within or near the ven-
tricular trigone (Fig. 3.10), which causes en-
trapment of the temporal horn of the lateral
ventricle (5, 13).

POSTTHERAPEUTIC NEOPLASTIC
EMERGENCIES

a) Postsurgical complications
In the postsurgical period, including after

stereotaxic biopsy, neuroradiological evalua-
tion is often required to exclude early compli-

cations that may occur, including haemor-
rhage (9), postsurgical oedema, acute hydro-
cephalus and infection. In such cases the diag-
nosis is often problematic because of the diffi-
culties in distinguishing between neoplastic
residue, aseptic postsurgical reactive phenom-
ena, and frank infection with cerebritis (Figs.
3.15, 3.16), which may evolve into an abscess
(3, 9). 

b) Postventricular shunting complications
The complications of hydrocephalus shunts

include:
1) Recurrence of hydrocephalus: A failure of

the shunt may be secondary to an obstruction
of the shunt catheter, for example due to a
blood clot, or to an interruption to the shunt
system’s continuity due to a disconnection of a
coupling or a fracture of the line.

2) CSF sequestration with a failure of drainage:
Sequestration may occur in cases in which the tu-
mour excludes part of the ventricular system on
the proximal end, or when a loculation of the
drainage fluid occurs on the distal end (i.e., the
peritoneal cavity).

3) Hyperfunction of the shunt: This condi-
tion precipitates an “overshunting” syndrome;
this is associated with a considerable reduction
in the dimensions of the ventricles, which are
sometimes nearly completely collapsed (i.e.,
“slit ventricle” syndrome). This situation can
further be complicated by the formation of hy-
gromas, and, in the most severe cases, subdural
haematomas that are often bilateral.

4) Infection: Infection may consist of simple
ependymitis with periventricular enhancement
after IV contrast medium administration or of
meningitis with generalized enhancement of
the cranial leptomeninges.
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INTRODUCTION

Cerebral angiography in the evaluation of
cranioencephalic tumours has a role that is de-
termined to a great extent by CT and MRI as it
is no longer required to diagnose the existence
of a lesion (7). However, selective cerebral an-
giography is still utilized in cases where the
neurosurgeon is considering emergency surgery
or another aggressive form of treatment.

Modern angiography is very different from
the past, as the evolution in cauterization mate-
rials and angiographic equipment have brought
about vast improvements in the quality of the
images obtained while drastically reducing pa-
tient risk. The innovations in equipment have
witnessed the introduction of digital acquisi-
tion, storage and image display, thereby making
the resulting examination yet more practical to
perform and review (1-4, 6, 8).

The evolution of the imaging instrumenta-
tion has coincided with the enormous techni-
cal progress made in angiographic materials,
such as increasingly small catheters with ever
greater torsion control and thin walls with ex-
tremely high mechanical resistance. It there-
fore follows that what was once considered a
procedure associated with some degree of risk
has now become quite safe, benefiting from

the use of new contrast media, appliances and
instruments.

Neovascular architecture is characterized by
certain semeiological signs deriving from tradi-
tional angiography, including: alteration of the
calibre, morphology and course of the vessels;
presence of haemodynamic alterations; the
presence of arteriovenous microshunts; and
presence of a characteristic arteriolar-capillary
parenchymal blush. There are three possible
subtypes of angioarchitectural alteration in
neoplasia: typical pathological vascularization
(e.g., meningiomas, gliomas); atypical patho-
logical vascularisation and avascular lesions (5).

Pathological vascularization can originate
from the intraaxial vasculature (e.g., internal
carotid and vertebrobasilar artery branches) or
the meningeal vessels (e.g., branches of the ex-
ternal carotid artery). The type of vasculariza-
tion depends on tumour type, however it
should be stressed that angiography, like all
other imaging techniques, is not able to provide
a precise tissue diagnosis. 

The table below shows a general classifica-
tion of brain tumours as published by the
WHO:
– Neuroectodermal tumours (gliomas, medul-

loblastomas, ependymomas, papillomas, neu-
rinomas)
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– Ectodermal tumours (craniopharyngiomas,
hypophyseal adenomas)

– Embryogenic tumours (epidermoids, der-
moids, teratomas)

– Mesodermal tumours (meningiomas, an-
giomas, fibromas, chordomas, lipomas, os-
teomas, sarcomas).

This angiographic discussion of brain tu-
mours cannot exhaustively deal with all the var-
ious types that can occur and will only detail
the most frequently encountered.

MENINGIOMAS

Semeiotics

Statistically, meningiomas are most frequent
in females, with a ratio of 3:1 as compared to
males. With regard to other intracranial neo-
plasias, they are the most common type with an
overall relative incidence that varies between
20-25%.

The angiographic characteristics of menin-
giomas vary with the histological type and spe-
cific degree of vascularization. Minor distinc-
tions are made between skull base menin-
giomas and those of the convexity. Menin-
giomas have preferential sites with frontal, pte-
rional and parietal locations being the most
common, and they can be multiple.

During their development meningiomas de-
form and compress the overlying neural and
vascular tissues, some of which, such as the in-
ternal carotid artery and cranial nerves within
the cavernous sinuses, become enveloped with-
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Fig. 3.17 - Meningioma of the left pterion. The imaging studies
reveal a left frontoparietal homogenously enhancing, broad
dural based mass with perilesional oedema and neovascularity
originating from the left middle meningeal artery. [a) unen-
hanced CT; b, c) left external carotid, left middle meningeal ar-
teriogram].
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in the confines of the tumour. They are supplied
by arterial branches that are usually hyper-
trophic. These tumors demonstrate a patholog-
ical circulation fed principally from meningeal
vessels that are usually quite regular with a dif-

fuse and homogeneous tumour blush in the lat-
er phases of the serial angiographic study (Figs
3.17, 3.18). The neovascular tumour circulation
can also be supplied from the pial arteries (i.e.,
internal carotid or vertebrobasilar arteries).
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Fig. 3.18 - Invasive left frontal region meningioma. The skull x-ray demonstrates a large osteolytic lesion of the left frontal region. The
CT shows a hyperdense lesion invading the overlying skull and extracranial soft tissues. The angiogram of the left external carotid ar-
tery reveals prominent neovascularity originating from branches of the left superficial temporal and middle meningeal arteries.
[a) frontal radiograph; b), c) axial CT imaged with bone and soft tissue windows; d) left external carotid arteriogram].
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In order to obtain a precise and complete
documentation of the vascular contributions to
the meningioma, it is mandatory to perform an
angiographic examination that also includes all
the meningeal arteries that might potentially
contribute to this supply. Angiographic exami-
nations must also include a thorough search for
venous alterations (e.g., compressions and dur-
al venous sinus invasion with stenosis or com-
plete occlusion).

The circulation of meningeal sarcomas is
quite different than that of benign menin-
giomas and is characterized by reduced circula-
tion times, in part due to the presence of arteri-
ovenous fistulae. Given their site of origin in
the meninges, these tumours are also supplied
by intra- and extracranial meningeal branches. 

Olfactory groove (Fig. 3.19) and cavernous
venous sinus meningiomas are less frequent
and have typical appearances on CT and MRI.
In the case of olfactory groove meningiomas,
angiographic examinations rarely contribute
additional information. However, in the case
of cavernous venous sinus meningiomas, an-
giography can show an encasement and re-
sulting stenosis of the carotid siphon and a
neovascularization with parenchymal blush
originating directly from branches of the
carotid siphon itself. This observation points
out the potential danger of surgical interven-
tion and in some cases may suggest alternative
treatment (radiotherapy).

One last characteristic location that bears
discussion is the meningioma of the tentorium
cerebelli. In such cases the angiographic pic-
ture is typical as it shows one or more hyper-
trophic tentorial meningeal arteries originating
from the supraclinoid segment of the internal
carotid that flow toward the central core of the
tumour, where the characteristic hypervascular-
ization is noted. 

Discussion

From these brief considerations it would ap-
pear evident that the angiographic examination
of a meningeal lesion must be performed not so
much for diagnostic purposes, but rather to ob-

tain an accurate angiographic map of the lesion
and surrounding tissues. There are two funda-
mental reasons to accurately define this map: to
demonstrate the type and degree of vascular-
ization and to show the neurosurgeon the ves-
sels that are to be isolated and coagulated. 

Technological progress in recent years has
brought about a new approach to the treatment
of meningiomas: embolization. This technique
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Fig. 3.19 - Olfactory groove meningioma. The right internal
carotid arteriogram demonstrates neovascularity associated
with a persistent parenchymal blush within a lesion in the ante-
rior aspect of the skull base on the right side originating prin-
cipally from ethmoid arterial branches. In addition, the right
ophthalmic artery in hypertrophied as a result of the increased
flow in transit to the neoplasm. [a) frontal projection right in-
ternal carotid arteriogram; b) lateral projection right internal
carotid arteriogram].
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typically precedes surgery, as it results in a
devascularization of the tumour permitting a
considerable reduction in the surgical time pe-
riod, a reduction in intraoperative bleeding and
therefore an overall reduction in surgical risk
and complications. However, the embolic pro-
cedure must be performed by an expert team
trained specifically in interventional radiology.

GLIOMAS

Semeiotics

CT and MRI have altered the indications for
cerebral angiography somewhat by permitting
a precise determination of the location of the
lesion as well as a clear depiction of its various
components and gross internal structure. How-
ever, visualization of the pathological neocircu-
lation of the tumor still remains the province of
conventional angiography.

On angiographic examinations gliomas have
direct and indirect signs: direct signs are the ac-
tual vasculature of the neoplasm and the indi-
rect signs are shifts of the vascular structures
surrounding the tumour induced by its growth.
This distinction between direct and indirect
signs derives from conventional angiographic
semeiology.

These direct angiographic signs are charac-
terized by the specific afferent and efferent ves-
sels, the appearance of the tumour vessels and
the circulation time of the tumour. The evalua-
tion of the efferent vessels is also quite impor-
tant in the diagnostic angiographic analysis of
brain tumours; for example, the detection of
medullary veins and deep venous drainage vir-
tually excludes the possibility of an extraaxial
lesion.

The regularity of tumour neovessels can be
an element in favour of the relative benignancy
of a lesion. Conversely, the irregularity of the
vessels is usually associated with malignancy,
and the presence of arteriovenous shunts al-
most always indicates a malignant lesion.

Another distinctive characteristic of brain
tumours is the tumour circulation time: in a
number of lesions this circulation time is re-

duced due to the presence of arteriovenous
shunts with early venous drainage. In other le-
sions the tumour circulation time appears in-
creased and the tumour blush persists within
the lesion. Tumour circulation times are also in-
fluenced by the presence of associated perile-
sional oedema, the presence or absence of vas-
cular spasm and the degree of resistance of the
draining veins (e.g., compression or complete
obstruction of the draining venous structures).

Glioblastomas (Figs. 3.20, 3.21) are the sub-
type of glioma that has the most varied angio-
graphic findings. In part due to their high bio-
logical activity, theses tumours typically reveal
angiographic characteristics that define a ma-
lignant pathological circulation: a reduction in
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Fig. 3.20 - Left temporoparietal glioblastoma multiforme. An-
giogram of the left internal carotid artery reveals a prominent
parenchymal blush and arteriovenous shunting typical of ma-
lignant cerebral neoplasms.



circulation time, irregularity in the calibre of
vessels with very disorderly patterns, arteriove-
nous fistulae and early venous drainage.

Other gliomas have different angiographic
findings, some presenting with a picture that is
more or less avascular. Even some quite hyper-
vascular gliomas have areas that are avascular
indicating necrosis or the presence of cysts or
haemorrhage within the tumour.

Benign astrocytomas (Fig. 3.22) and oligo-
dendrogliomas only rarely have significant
macroscopic pathological neocirculation. How-
ever, in certain cases some intrinsic vascular el-
ements can be detected. When present, such
findings can be interpreted as a greater or less-
er degree of lesion malignancy. 

OTHER CEREBRAL NEOPLASMS

Ependymomas and medulloblastomas can
demonstrate a minor neovascularization; how-
ever, these are not characteristic elements that
define these lesions. In choroid plexus papillo-
mas (Fig. 3.23), the angiographic findings show
a neocirculation composed of small vessels that
give rise to a dense tumour blush. In these le-
sions one observes hypertrophy of the
choroidal arteries from which the tumour ves-
sels originate. 
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Fig. 3.21 - Left temporal lobe cystic glioblastoma. Angiogram
of the left internal carotid artery shows mass effect in the ele-
vation of the Sylvian vessels associated with a peripheral
parenchymal blush.

Fig. 3.22 - Right parietal lobe astrocytoma. Contrast enhanced
CT shows mural enhancement within a right parietal lobe sub-
cortical mass lesion surrounded by much perilesional oedema.
The angiogram of the right internal carotid artery demonstrates
no hypervascularity. [a) axial CT following IV contrast; b) lat-
eral projection right internal carotid arteriogram]
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Discussion

The angiographic analysis of cranial neoplasia
is important from the view point of the potential
neurosurgical therapeutic implications. Emer-
gency angiographic examinations implicate the
intention to perform interventional procedures
in order to reduce the vascularity of the lesion
and are dictated by the patient’s clinical situation.

The exact representation of the tumour vas-
cularity permits a proper and careful approach
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Fig. 3.23 - Papilloma of the right choroid plexus. The contrast
enhanced CT shows a homogeneously enhancing intraventric-
ular mass. The right internal carotid arteriogram reveals a mass
lesion having neovascularity, associated with a tumor blush and
arteriovenous shunting. [a) axial CT following IV contrast; b,
e) frontal projection right internal carotid arteriogram; c, d) lat-
eral projection right internal carotid artery arteriogram].



to stereotaxic biopsy, as it shows the course of
the vessels to be avoided and tumour vessels.
These observations potentially reduce the risks
of a possible intratumoral haemorrhage.

Complete angiographic examinations facili-
tate surgical intervention. However, in cases in
which the lesion cannot be operated on, angiog-
raphy may suggest alternative therapies such as
radiotherapy and intraarterial chemotherapy.
This latter technique is proving efficacious in
the treatment of particularly hypervascular le-
sions; in such cases, the angiographic picture
can be correlated with considerable biological
activity, and therefore with greater pharmaco-
logical sensitivity.

Lastly, in cases where the neurosurgeon does
not intend to intervene, angiographic evalua-
tions are of little or no value as the combination
of CT and MRI provide more than satisfactory
information concerning the type and location
of the lesion.

METASTASES

Given precise clinical and historical medical
data, this type of lesion is usually not difficult to
interpret using CT and MRI. From a statistical
point of view, autopsy findings reveal brain
metastases in 24% of patients suffering from
tumours. The tumours that most frequently
spread to the CNS include melanomas, lung
carcinoma, breast carcinoma, thyroid tumours
and leukaemia/lymphoma.

Although there is usually no diagnostic
dilemma in diagnosing cerebral metastases on
CT and MRI in the presence of multiple le-
sions, this changes in the case of isolated lesions
that are often cortical-subcortical in location
and may infiltrate the overlying meninges. In
such cases, it may be necessary to perform an
angiography in order to resolve differential di-
agnostic problems between metastasis and
meningioma.

The angiographic picture of metastases
(Fig. 3.24) is somewhat typical with the depic-
tion of rather homogeneous neovascularity,
which is most frequently supplied by a single
arterial branch. This neovascular circulation
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Fig. 3.24 - Right temporoparietal parenchymal metastatic neo-
plastic disease. Contrast enhanced coronal CT demonstrates an
enhancing mass lesion adjacent to the skull on the right side.
The right internal carotid arteriogram in the lateral projection
reveals an intensely hypervascular cortical lesion associated
with a tumor blush and arteriovenous shunting. [a) coronal CT
following IV contrast; b, c) lateral projection right internal
carotid arteriogram].

a

b

c



has well-defined margins and persists in time
into the venous angiographic phase. Typically a
single draining cortical vein is visible.

The lesion usually has a cortical or subcorti-
cal location. In cases where the lesion infiltrates
the overlying meninges and bone of the skull,
an examination of the meningeal branches is es-
sential as the absence of supply of the tumour
from these vessels permits differentiation from
meningioma.

Discussion

This brief analysis highlights the fact that
multiple metastases do not necessarily require
an angiographic evaluation, as CT and MRI are
sufficient for diagnosis. The principal excep-
tion is that of isolated cortical lesions that infil-
trate the overlying meninges and skull. As not-
ed above, angiography can provide valuable in-
formation in such cases in terms of differentiat-
ing a metastasis from a meningioma.

CONCLUSIONS

Cerebral angiography has precise indica-
tions in the light of new diagnostic and thera-
peutic considerations; presurgical angiographic
investigations are always required in order to
facilitate the surgical approach to the lesion by
demonstrating the afferent and efferent vascu-
lar branches to the lesion. Angiographic studies
may prove useful in subsequent intraarterial
embolization or chemotherapy in conjunction
with surgery or once it has been established
that surgery is not possible.

Cerebral angiography is considered super-
fluous in the more benign or lower grade tu-
mour types, in tumours of the posterior cranial

fossa and in tumour follow-up; in most of these
cases, CT and MRI are usually sufficient for di-
agnosis and treatment planning.

MRA has a complementary diagnostic role
regarding information on hypervascular in-
tracranial lesions. In particular, the recently
developed techniques involving the injection
of a contrast medium bolus in order to better
identify the arterial vascularization may prove
useful in the future. This makes it possible to
visualize some degree of the pathological neo-
vascularization present in many malignant tu-
mours. However, bolus contrast enhanced
MRA does not yet possess the sufficient defini-
tion to distinguish with certainty the smaller
arteries; in addition, by its nature it lacks the
ability to selectively differentiate the various
vascular territories.
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INTRODUCTION

Toxic encephalopathy arises following the in-
teraction between a chemical compound and
the Central Nervous System (CNS) (9). A wide
range of chemical substances can be neurotox-
ic, having mechanisms that affect the CNS ei-
ther directly or indirectly by means of alter-
ations to cerebral or systemic homeostasis in-
duced by the substance in question. The main
causes of brain damage include: oxidative ener-
gy depletion, deficit of the substrate for cerebral
activity, alterations in cell membrane integrity,
enzyme deficit, alterations to the electrolytic
equilibrium, and neurotransmission damage.

Toxic substances can be either endogenous
or exogenous. Endogenous agents typically re-
sult from congenital cerebral errors in metabo-
lism; exogenous substances are classified as ex-
ternal (i.e., when they are introduced into the
organism from outside) and internal (when
they are produced by systemic metabolism er-
rors and come into contact with the CNS via
the blood-brain barrier).

Neuroradiological emergencies are most fre-
quently linked to external exogenous toxins.
Intoxication requires immediate diagnosis and
swift treatment in order to prevent brain dam-
age becoming irreversible or fatal. Once the
risk of death has been overcome, the contribu-

tion of diagnostic imaging and of MRI in par-
ticular consists in the possibility of monitoring
treatment and the evolution of the neuroradio-
logical picture over time. 

In general, brain damage caused by toxins
involves both hemispheres, as there is no side
preference. It is still unclear why some CNS
structures are affected to a greater extent than
others, however it is probable that differences
in vulnerability and/or tissue affinity to the tox-
ic substance are implicated.

It should be underlined that the clinical and
neuroradiological findings do not always match,
and even in cases of neuropathologically proven
brain damage diagnostic imaging techniques
may provide falsely negative results.

ALCOHOLIC ENCEPHALOPATHY

Due to its low cost and ready availability, al-
cohol is by far the most widespread drug in the
western world. Given its marked neurotoxic
capacity, alcohol is probably the most com-
monly encountered CNS toxin. The neurolog-
ical pathology seen in alcoholics can only part-
ly be attributed to the direct toxic effect of al-
cohol and its metabolites, and some of the ae-
tiological explanations are still unknown. The
factors that are presumed to explain brain
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damage include vitamin deficiency, hypogly-
caemia, associated repeated cranial trauma,
chronic liver failure and the presence of non-
alcohol toxic substances that are present in al-
coholic beverages. In chronic alcoholics, arte-
rial hypertension, subarachnoid haemorrhage

and strokes are also more common than in 
average age-matched controls. Although not
all alcohol-related neurological pathology re-
quires management in emergency conditions,
some do require immediate diagnosis and
treatment.
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Fig. 4.1 - Extrapontine myelinolysis in an alcoholic patient. The
MRI demonstrates multiple areas of hyperintensity within the
hemispheric subcortical hemispheric white matter, the deep
hemispheric white matter and the midbrain. [a) coronal FLAIR
MRI; b, c, d) axial T2-weighted MRI].
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Osmotic myelinolysis

Osmotic myelinolysis is a demyelinating
process that arises from a too rapid correction
of an existing state of hyponatraemia, which, in
the case of alcoholics, is induced by the impair-
ment of ADH secretion caused by alcohol. On
MRI, these lesions appear as areas containing
“excess water” that result in high signal intensi-
ty areas in T2-weighted sequences and low in-
tensity areas in T1-weighted sequences. These
pure demyelinating forms do not manifest evi-
dence of inflammation or blood-brain barrier
damage. For this reason, MRI shows no en-
hancement following IV contrast medium ad-
ministration.

A distinction is made between pontine and
extrapontine myelinolysis. In the latter, the
most frequent sites of demyelination are the
putamen, caudate nucleus, thalamus and sub-
cortical white matter. Less frequently, the
mamillary body, the tegmen of the midbrain
and the white matter of the cerebellum may
also be involved (Fig. 4.1). Central pontine
myelinolysis appears on MRI as a single sym-
metric lesion that spreads to the pontine
raphe and involves the transverse pontocere-
bellar fibres and the long descending corti-
cobulbar tracts (Fig. 4.2). The clinical aspect
of this type of lesion is characterized by a flac-
cid quadraparesis that may regress or alterna-
tively evolve into a subsequent spastic form
with pseudo-bulbar paralysis. Osmotic myeli-
nolysis is not always an alcohol-related
pathology and may be caused by or connect-
ed to many conditions in which there is a too
rapid correction of a water and electrolyte
imbalance. For example, this may also occur
in dialysis patients (3, 18, 19, 29).

Wernicke encephalopathy

Wernicke encephalopathy is the conse-
quence of a thiamine deficiency resulting either
from reduced intake or from intestinal malab-
sorption. This type of abnormal metabolism
typically occurs in subjects with congenital
transketolase activity deficits. Thiamine deficits

cause a reduced use of glucose in the brain.
This condition has an acute onset characterized
by ophthalmoplegia, ataxia and mental confu-
sion. In the chronic phase patients may demon-
strate a reduction in olfactory discrimination
secondary to midbrain lesions, whereas memo-
ry disorders are related to injury to the mamil-
lary bodies and the dorsomedial nuclei of the
thalamus. Following thiamine therapy, the clin-
ical situation may either improve or evolve into
Korsakoff’s syndrome. Korsakoff’s syndrome is
characterized clinically by the impairment of
chronological fixation memory, learning ability
and the appearance of confabulatory attacks
(i.e., amnesia with the appearance of false rec-
ollections).

MR examinations using T2-dependent se-
quences show abnormal high intensity areas
in the involved white and grey matter with
a characteristic topographic distribution.
The affected areas include those surround-
ing the 3rd ventricle: the massa intermedia,
the floor of the 3rd ventricle, the mamillary
bodies, the reticular formation and the peri-
aqueductal region (Figs. 4.3, 4.4). In chron-
ic forms one also observes a passive dilation
of the third ventricle and atrophy of the
mamillary bodies. 

The involvement of the mamillary bodies has
been demonstrated in 98% of autopsies per-
formed on Wernicke sufferers. Using MRI it is
possible to demonstrate the involvement of the
mamillary bodies primarily in acute cases in
which contrast enhancement of the mamillary
bodies is observed. However, this finding is not
constant and is probably only present in cases in
which there is endothelial necrosis with atten-
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Fig. 4.2 - Two cases of pontine myelinolysis in alcoholic pa-
tients. T2-weighted MRI shows a single hyperintense lesion of
the pons in each case. [a, b) axial T2-weighted MRI].

a b



dant blood-brain barrier disruption. Neverthe-
less, in such cases the finding of mamillary body
enhancement can dispel diagnostic doubts (Fig.
4.4). Certain authors have also documented
high signal intensity areas in the cortex of the
central and precentral gyri.

In Korsakoff’s syndrome the neuropatho-
logical and neuroradiological alterations are
focused on the dorsomedial nuclei of the thal-
amus and the hippocampal formations. Injury
to these structures is associated with amnesic
symptomatology that defines the symptoms of
Wernicke-Korsakoff syndrome (Fig. 4.5). Re-
cent studies using PET and perfusion MR in
the thalamic and temporal regions of patients
with Korsakoff’s syndrome have shown both
reduced blood flow and metabolic activity in
these areas. In a similar manner to osmotic
myelinolysis, Wernicke’s syndrome is not nec-
essarily alcohol-related and can be encoun-
tered in other diet-related, deficiency-related
or malabsorption pathology (Fig. 4.6) (1, 8, 10,
11, 25, 29).

Marchiafava-Bignami disease

This rare disorder was initially described in
middle-aged and elderly drinkers of red wine
having a high tannin content. For this reason
for many years it was believed that the specific
cause of the disease was Chianti wine, a theory
that has now been rejected. The most probable
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Fig. 4.3 - Wernicke’s encephalopathy in alcoholic patient. CT
only rarely shows an area of hypodensity in the midbrain in cas-
es of Wernicke’s encephalopathy, as in this case.

Fig. 4.4 - Wernicke’s encephalopathy in an alcoholic patient.
Enhanced MRI shows contrast enhancement within the mamil-
lary bodies bilaterally. More craniad T2-weighted scans shows
abnormal hyperintensity within the posteromedial aspect of the
thalami bilaterally and the hypothalamus. [a), b) T1-weighted
MRI following IV Gd; c-e) PD- and T2-weighted MRI].
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cause of the illness is an as yet unspecified nu-
tritional deficiency. Clinical symptoms vary
from convulsions to hallucinations and deliri-
um, and in the terminal stages stupor and coma
may be seen. The clinical diagnosis is problem-
atic given the heterogeneity and non-specific

nature of the symptoms, and for this reason the
use of diagnostic imaging techniques is essen-
tial. Marchifava-Bignami disease is character-
ized by the necrosis and demyelination of the
midline lamina of the corpus callosum and the
injury of other commissural fibres and the
hemispheric white matter. MRI performed in
the sagittal plane in the chronic phase shows at-
rophy of the corpus callosum and the presence
of multifocal necrotic areas characterized by
low signal intensity in T1-weighted sequences
and high signal intensity in T2- and PD-weight-
ed sequences (Fig. 4.7) (2, 4, 22, 29).

Acquired hepatocellular degeneration (AHCD)

Acquired hepatocellular degeneration syn-
drome is a complex illness characterized by
changes in consciousness, behaviour and per-
sonality often associated with acute or chron-
ic kidney disease or liver cirrhosis. It would
appear to be linked to alterations in the me-
tabolism of nitrogenated substances and alter-
ations of the glutamate-glutamine ratio, with
an increase in the synthesis of aromatic amino
acids and false neurotransmitters. The alter-
ations visible on MRI are closely correlated
with plasma ammonia levels, but do not seem
to be linked to the degree of neuropsychiatric
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Fig. 4.5 - Wernicke-Korsakoff syndrome in alcoholic patient.
T2-dependent SE a) and PD-dependent sequences b). Wide-
spread signal alteration in the dorsal-medial region of the thal-
amus bilaterally and in the hypothalamus.

Fig. 4.6 - Wernicke’s encephalopathy in a malnourished 8-year
old child. T2-weighted MRI shows hyperintense periaqueduc-
tal MRI signal alteration.

Fig.4.7 - Marchiafava-Bignami disease in alcoholic patient.
Sagittal T2 weighted MRI shows marked thinning of the corpus
callosum associated with abnormal signal hyperintensity along
its entire course.



dysfunction or to electroencephalographic al-
terations. In most cases, there is a widespread
shortening of the T1-dependent signal includ-
ing hyperintensity of the basal ganglia; promi-
nent involvement of the globus pallidus is typ-
ical (Fig. 4.8). The caudate nucleus, pineal
gland, subthalamic region and the midbrain
around the red nuclei may also be similarly in-
volved. The reason for this signal alteration is
not yet clear, but it is thought to be connect-
ed to a hyperplasia of the Alzheimer type II
astrocytes in association with neuronal necro-
sis and the subsequent deposition of para-
magnetic substances such as magnesium (10,
12, 23, 29).

METHANOL INTOXICATION

There are a number of sources of methanol,
which can be present in solvents, industrial liq-
uids, perfumes and counterfeit spirits, thus
making methanol intoxication relatively com-
mon amongst alcoholics. It manifests clinically
as general malaise and headache and may
progress to stupor and coma. Necrotic areas
are visible in the putamen as hypodense on CT
scans and as high signal intensity on T2-de-
pendent sequences in MR studies (Fig. 4.9).
The appearance of these areas can also be af-
fected by the presence of haemorrhagic infarc-
tion. Other related necrotic areas can be identi-
fied in the subcortical white matter and in the
frontal cortex (12, 28, 29). 

ETHYLENE-GLYCOL INTOXICATION

Ethylene-glycol is typically present in paints
and glues but can also be encountered in food
preservatives and as an alcohol substitute. In-
gestion occurs accidentally or, more rarely, vol-
untarily in the case of alcoholics. Neurological
clinical symptomatology sets in after approxi-
mately 12 hours of ingestion and is character-
ized by a sense of inebriation and convulsions
progressing to coma.

As with methanol intoxication, the toxic ef-
fects are manifested as areas of necrosis that
principally affect the frontal cortex, the thalami
and the basal ganglia (Fig. 4.10) (28, 29). 

INTOXICATION FROM NARCOTIC 
INHALATION

Toluene and methyl-ethylketone are lipophilic
solvents that are used in the chemical industry
and that may be accidentally inhaled during pro-
cessing. These substances are capable of causing
a similar neurological, neuropathological and
neuroradiological picture to those caused by oth-
er voluntarily inhaled substances such as heroin
and, more rarely, cocaine (in such cases the toxic
effect may be related to the substances with
which the drugs are diluted). In cocaine and
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Fig. 4.8 - Hepatocerebral degeneration in patient with cirrho-
sis. The MRI demonstrates an abnormal area of high MRI sig-
nal intensity in the globus pallidus bilaterally. [a) axial, b) sagit-
tal T1-weighted MRI].

Fig. 4.9 - Alcoholic patient following consumption of a large
quantity of methanol. Coronal T2-weighted MRI reveals high
signal intensity within the putamena and in the frontal subcor-
tical white matter bilaterally.
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heroin sniffers, in an acute stage the neuropatho-
logical and neuroradiological manifestations in-
clude microinfarcts caused by toxic vasculitis. It

may also be possible to observe hypertensive en-
cephalopathy (from cocaine) and hypotensive en-
cephalopathy (from heroin) (Fig. 4.11), or rarer
forms of vacuolating encephalopathy with foci of
demyelination in the supra- and subtentorial
white matter. Although in these cases the toxic
agent has yet to be identified, it is theorized that
a lipophilic substance present in the drug is re-
sponsible (7, 15, 21, 27-29).

INTOXICATION FROM MEDICINES

Many of the medicines currently available
have neurotoxic characteristics, including
chemotherapy drugs, which give can give rise
to the most severe conditions.

Intoxication from Methotrexate

Methotrexate is usually administered intra-
venously or via subarachnoid catheter, the lat-
ter principally in the case of lymphoprolifera-
tive disorders of the CNS. Although its neuro-
toxicity has been proved, the pathophysiology
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Fig. 4.10 - Glycol-ethylene intoxication. Axial CT shows
marked hypodensity of the thalami bilaterally.

a

Fig. 4.11 - Delayed post-hypoxic leukoencephalopathy,. MRI examination performed approximately three hours following admission
shows widespread MRI signal hyperintensity of the white matter of the centrum semiovale. Follow up MRI approximately 1 month
later shows necrosis within the abnormal hemispheric white matter foci identified on earlier scans. This evolution is consistent with
delayed post-hypoxic leukoencephalopathy. As in this case, this phenomenon has been described in heroine addicts following expe-
riencing acute cardiorespiratory depression. [a), b) axial T-2 weighted MRI on admission; b) axial T1-weighted MRI on admission;
c), one month follow up axial T2-weighted MRI; d) one month follow up T1-weighted MRI].
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of the neurological damage caused by this drug
is still controversial. The most commonly ac-
cepted theory is that it causes a thickening of
the endothelial walls of the cerebral vascula-
ture, with consequent occlusion, ischaemia and
necrosis of the served neural tissue. During
chemotherapy, this condition is believed to be
favoured by concomitant radiation therapy.
The MRI semeiotics vary from focal lesions to
diffuse alterations of the white matter signal,
mainly the deeper areas of the brain, having
high signal intensity on long TR sequences (Fig.
4.12). On CT, the lesions appear hypodense
with the presence of hyperdense foci (i.e., calci-
fied deposits) in the subcortical regions. The
MR appearance of the lesions that are hyper-
dense on CT scans were evaluated using
FLASH MRI sequences and were found to
have low signal intensity. CT and MR findings
therefore show a picture of leukoencephalopa-
thy with calcified deposits that are typical of the
disease (13, 17, 20, 23, 29).

Intoxication from Cyclosporin A (CsA)

Cyclosporin A is an immunosuppressive
medicine used in the prevention of so-called
graft vs. host disease. Although the neurotoxic
effects of this drug have been determined, the
pathophysiological mechanism is yet to be
specified. One theories of the most widely ac-
cepted theories is that CsA causes arterial hy-
pertension (90% of all patients treated), with
consequent similar neuropathological and neu-
roradiological conditions to those of hyperten-
sive encephalopathy; another, more recent the-
ory states that CsA may cause damage to the
capillary endothelium with consequent vaso-
genic oedema. This second theory would justi-
fy the reversibility of the clinical and neurora-
diological situation in CsA intoxication.

Clinically CsA intoxication is manifested as
headache, epilepsy, cortical blindness, visual hal-
lucinations, trembling and cerebellar ataxia. MR
examinations show areas of high signal intensity
on T2-dependent and FLAIR sequences, most
frequently observed in the subcortical white
matter of the occipital lobes of the posterior por-

tions of the temporal and parietal lobes (16). The
lesions are frequently symmetrical, and they on-
ly rarely show enhancement following IV con-
trast agent administration. Recent observations
performed using diffusion MR in cases of CsA
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Fig. 4.12 - Methotrexate neurotoxicity. T2-weighted MRI, in a
patient with disseminated cancer under treatment with
methotrexate, shows widespread hyperintense MRI signal al-
terations within the hemispheric deep and subcortical white
matter consistent with chronic treatment related neurotoxicity.
[a, b) axial T2-weighted MRI].



intoxication have shown that the altered signal
areas are due to vasogenic rather than to intra-
cellular oedema, thus supporting the direct en-
dothelial damage theory. In 4 out of 14 cases of
CsA intoxication, Schwartz, et al (24) observed
the presence of cerebral haemorrhage, and in
one case small focal areas of intraparenchymal
haemorrhage in the occipital lobes. The grey
matter is also rarely involved (5, 23, 24). 

CARBON MONOXIDE (CO) 
INTOXICATION 

CO intoxication causes ischaemia-based
brain damage in preferential positions that have
been known for some time. CO’s affinity to
haemoglobin is 250 times greater than that of
the oxygen with which it competes, thus reduc-
ing haemoglobin’s capacity to capture, trans-
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Fig. 4.13 - Acute carbon monoxide intoxication with cerebral necrosis. CT undertaken in the acute phase documents bilateral globus
pallidus hypodensity and within the anterior frontal white matter on both sides. CT follow up approximately three weeks later reveals
bilateral globus pallidus necrosis; MRI performed the same day as confirms globus pallidus necrosis and the frontal subcortical de-
generative alteration. [a, b) acute phase axial CT; c) three week follow up CT; d) three week follow up T2-weighted MRI].
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port and release oxygen. The presence of car-
boxyhaemoglobin shifts the haemoglobin’s dis-
sociation curve to the left, and CO hampers cel-
lular respiration as it bonds with cytochrome
oxydase and generates hypertension due to the

myocardial dysfunction caused by the presence
of carboxyhaemoglobin in the heart tissue.

In the brain, it is typically responsible for bi-
lateral necrosis of the globus pallidus (Fig. 4.13)
and the hippocampal structures, and for either
diffuse or focal involvement of the white matter.
The involvement of the white matter can be
combined with that of the grey matter in the
more distal vascular territories where capillary
proliferation (Fig. 4.14) can be observed patho-
logically. CO intoxication may also have a spe-
cific direct toxic effect upon the globus pallidus,
which would justify such selective involvement.
This observation derives from the fact that in
cases of non-CO-induced hypoxia, different
structures such as the putamen, the caudate nu-
cleus and the cerebral grey matter are typically
involved. The interruption or delay in the trans-
port of non-haematogenous iron through axonal
structures damaged by the ischaemic insult is
probably responsible for the low signal density
detected in the basal ganglia on T2-dependent
sequences (6, 14, 25, 26, 28, 29).
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INTRODUCTION

Coma is rightly considered to be the one of
the most commonly occurring neurological
emergency conditions. Coma can be the con-
sequence of an entire spectrum of pathologi-
cal conditions and thus requires equally varied
but quite specific treatment (8, 15, 16). Neu-
roradiological studies are often the only real
practical option for initial diagnostic patient
investigation, as the clinician may have access
to little or no information when the patient is
admitted.

In such situations, it is almost always Com-
puted Tomography (CT) that assumes the
leading role in the initial diagnostic, prognostic
and therapeutic approach. The fundamental
question is whether or not there are docu-
mentable intracranial neuroanatomical alter-
ations, which, if present, can be subsequently
monitored after the patient is admitted to the
intensive care suite.

We will not deal in detail here with the en-
tire spectrum of the intracranial pathology re-
sponsible for causing coma, as they are dealt
with separately in the various chapters of this
volume; instead, we will briefly outline the op-
timal neuroradiological approach to be utilized

in patients in coma including: a) the modes of
investigation; b) the related technical variables;
c) conditions causing acute focal lesions (9),
and d) conditions causing diffuse brain impair-
ment.

MODES OF INTRACRANIAL ANALYSIS

The neuroradiological evaluation can be di-
vided into two clinical phases: the initial evalu-
ation and the re-evaluation of the patient over
time. The aim of the initial evaluation is to de-
tect or exclude focal alterations and to define
the overall status of the tissues within the in-
tracranial compartment. As an example, the
revelation of demonstrable focal cerebral le-
sions eliminates clinical suspicion of a meta-
bolic or toxic cause of coma, while the oppo-
site can prompt and direct swift specific med-
ical or surgical treatment. A typical example of
this is the demonstration of an extracerebral
haematoma that requires immediate surgical
evacuation.

We will ultimately go on to describe the ele-
mentary cerebral alterations implied in coma.
However, first we intend to underline the im-
portance of an overall evaluation of the in-
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Fig. 4.15 - Epidural haematoma. The CT examination shows a biconvex blood collection over the right temporoparietal region asso-
ciated with marked mass effect. Note the displacement of the surrounding parenchymal structures associated with leftward midline
subfalcian herniation and compression of the right lateral ventricle. In the more caudal scan, ipsilateral downward herniation of the
uncus is also clearly visible. In addition, there is a fracture in the right temporal bone, with minor fragment displacement. CT follow
up three months later documents encephalomalacia of the posterior temporal lobe, perhaps as a result of infarction secondary com-
pression-occlusion of the posterior cerebral artery caused by the uncal herniation. [a1-2) initial axial unenhanced CT with brain win-
dows; b1-2) initial axial CT with bone windows; c) three month follow up axial CT].

a1

b1

b2a2



tracranial compartment, which is subject to
particular pressure balances, the alteration of
which is often closely related to the patient’s
clinical evolution and prognosis.

The importance of the effects of relatively
sudden changes upon the contents of the in-
tracranial compartment hinges upon its being
a “closed system” with a fixed volume. This
compartment has a strict relationship be-
tween its rigid container (the skull) and its
contents (cerebral parenchyma, CSF and
blood). Any condition that creates a change
in intracranial pressure (ICP) will have a di-
rect effect on what is visualized on CT and/or
MR studies. An increase in ICP can alter
cerebral blood flow (CBF) and even com-
pletely obstruct it when cerebral perfusion
pressure (PP) is exceeded. Any alteration that
causes an increase in intracranial contents
shows signs of mass effect on either CT or
MRI. Mass lesions above all are defined by
the effacement and displacement of the in-
tracranial fluid-filled spaces. The mass effect

and their corresponding CT/MR findings are
initially observed locally and subsequently in
a more widespread manner. As cerebral
swelling increases, the structures contained in
the expanding intracranial compartment are
displaced beyond the boundaries of that
compartment. Ultimately this may result in
internal cerebral herniation. In the case of
monohemispheric swelling, this herniation
may occur below or beyond the falx cerebri
(i.e., subfalcian herniation) or downward
through the tentorial incisura with disloca-
tion of the uncus of the temporal lobe (i.e.,
descending uncal herniation). In the case of
infratentorial compartment swelling, portions
of the cerebellum and brainstem are pushed
upward through the tentorial hiatus (i.e., as-
cending transtentorial herniation) or down-
ward through the foramen magnum into the
proximal cervical spinal canal (i.e., descend-
ing tonsillar herniation). This internal cere-
bral herniation represents the displacement,
distortion and compression of the involved
neural parenchyma and attendant vascular
structures.

The most severe and sometimes fatal effect
of these internal cerebral herniations is dys-
function of the brainstem, which can be im-
paired in any of the descending uncal, ascend-
ing transtentorial and descending forms of
tonsillar herniation. The complete effacement
of the cisternal spaces surrounding the brain-
stem, the distortion/dislocation of the brain-
stem and the direct demonstration of uncal
herniation (Fig. 4.15) (i.e., medial and down-
ward displacement of the uncus or unci) are
quite common findings in patients in coma in-
duced by acute, rapidly forming mass lesions,
whatever the underlying cause. On axial CT,
the signs of uncal herniation are typically eas-
ily recognized, whereas herniations caused by
expanding subtentorial lesions may be less ap-
parent; in this latter case the dislocation oc-
curs in an upward caudocranial direction
which has far less obvious findings on axial
CT images (Fig. 4.16). In the case of ascending
transtentorial herniations, one must search for
the disappearance of the superior cerebellar
cisternal spaces and for the inversion, distor-
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Fig. 4.16 - Acute infratentorial ischaemic swelling. Unenhanced cranial CT demonstrates a large area of hypodensity in the cerebel-
lar vermis and hemispheres bilaterally. Note the evidence of ascending transtentorial herniation: the tentorial hiatus and the ambient
cistern are both effaced. Also note the acute obstructive hydrocephalus with signs of transependymal extravasation of CSF from the
lateral ventricular margins. [a-e) unenhanced axial CT].
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tion or absence of the normally posteriorly 
directed convexity of the quadrigeminal
plate/cistern. In the event of downward ton-
sillar herniation, special attention must be
paid to the peribulbar CSF spaces and to the
cisterna magna; with the progressive improve-
ment in the quality of CT images, it is current-
ly possible to observe clearly the downward
displacement of the cerebellar tonsils into the
foramen magnum.

Compression of the parenchyma of the brain
stem can have very severe clinical conse-
quences, especially if acute. However, the effect
of the internal cerebral herniation upon the re-
lated blood vessels may also result in a consid-
erable worsening of the neurological situation.
This blood vessel involvement may result in ve-
nous stasis and ischaemia, itself engendering a
further increase in cerebral swelling. This is the
case, for example, in ischaemic infarction with-
in the territory of the posterior cerebral artery
consequent to its compression-occlusion in the
perimesencephalic segment caused by the di-
rect external mass effect of the descending un-
cal herniation (Fig. 4.15).

The pressure effects described can set in
rapidly under the force of a large, rapidly
growing haemorrhagic collection such as an
epidural haematoma, however, more frequent-
ly these observations are the result of a combi-
nation of the primary mass lesion coupled
with related phenomena such as oedema,
complications of ischaemia or widespread
brain swelling engendered by vasospasm.
Changes in the mass effect and the formation
of internal cerebral herniation follow very
variable chronological patterns that often do
not correspond to objective clinical neurolog-
ical signs that might otherwise be useful in
evaluating evolution of the overall process. Di-
rect measurements of ICP and its patterns
over time using subdural or subarachnoid
catheters do provide one important objective
parameter; however, this procedure is not al-
ways possible, and it is only available in spe-
cialized neurosurgery centres. This calls for
frequent CT re-evaluations, properly integrat-
ed with other diagnostic techniques such as
MRI or transcranial-echo colour Doppler, as
required. Therefore, requests for frequent di-
agnostic imaging checks by resuscitation staff
must not be considered superfluous on either
a clinical basis or in order to justify difficult
ICP measurements. The CT findings may in
fact change dramatically in the course of just a
few hours, in a crescendo that can only be
controlled by swift implementation of appro-
priate treatment. 

With regard to serial re-valuation of the
evolution of intracranial findings in patients
with coma, we must point out the signifi-
cance of hydrocephalus associated with the
primary pathology. In the case of diffuse
brain swelling caused by a principal insult
(e.g., trauma, haemorrhage with vasospasm,
etc.), the onset of hydrocephalus can have
dramatic consequences. Therefore, it is nec-
essary to make a correct diagnosis early in its
progress, before marked ventricular dilata-
tion occurs. The earliest signs of hydro-
cephalus must be recognized, such as mild
dilatation and outward rounding of the mar-
gins of the temporal horns of the lateral ven-
tricles (Figs. 4.16, 4.17). 
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TECHNICAL CONSIDERATIONS

The technical approach adopted when treat-
ing patients in coma does not vary greatly from
that generally applied in most cranial emergen-
cies as has been described in the previous chap-
ters. The general scheme uses CT as the initial
examination technique, backed up by MRI
and, less frequently, by other techniques that
may prove useful in patients in critical condi-
tion.

CT is the preferred method of imaging in co-
ma patients due to its very rapid examination
acquisition speeds, with single or multiple slice
scanning times faster than one second in latest
generation appliances; in addition to its gener-
al diagnostic capabilities, it is also very sensitive
in recognizing acute and hyperacute phase in-
tracranial haemorrhages, in localizing the cra-
nial compartment of the bleed (e.g., subdur-
al/epidural, subarachnoid, intraparenchymal);
finally it is almost universally available in the
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Fig. 4.17 - Acute hydrocephalus in a case of spontaneous subarachnoid haemorrhage. Unenhanced cranial CT shows an intra-
ventricular blood clot at the level of the foramina of Monro and the symmetrical subarachnoid haemorrhage. Also note the di-
latation of the lateral ventricles, including the temporal horns, as a consequence of the obstructive hydrocephalus. [a-c) unen-
hanced axial CT] 
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various communities of industrialized regions
(Figs. 4.15, 4.17, 4.19).

MRI maintains a secondary role, in part be-
cause of its low sensitivity in demonstrating
haemorrhages in the early phases of evolution,
its rather long scan acquisition times making it
unsuitable for use in non-cooperative patients
and those in critical condition, and the still
rather scarce availability of MRI appliances in
some hospitals and healthcare centres.

Despite these limits, in the near future it is
likely that MRI will be more frequently applied
as scanning times are drastically reduced and as
specific techniques for early detection of cere-
bral parenchymal haemorrhage become more
readily available.

One example of this technological advance-
ment is the recent introduction of diffusion
techniques, which enable the very early detec-
tion of cerebral ischaemia and other patholog-
ical conditions characterized by cytotoxic/in-
tracellular oedema utilizing very fast scanning
times employing echo-planar acquisition se-
quences. Diffusion imaging makes it possible
to detect parenchymal injury at a very early
stage, when CT images are completely nega-
tive. In addition, diffusion imaging is equally
sensitive in demonstrating posttraumatic dif-
fuse axonal injury (Fig. 4.19) (4). 

The rapid progress in MRI angiography and
CT angiography (the latter especially since the
recent introduction of multidetector appli-
ances) has made it somewhat rare to have to
resort to the use of invasive selective angiog-
raphy in coma patients. Invasive angiographic
techniques are currently primarily used fol-
lowing the CT or MR diagnosis of vascular
malformations, where angiography remains im-
portant for the fine definition of the angioar-
chitecture of the documented malformation.
While on the subject of vascular examinations
it should be pointed out that when monitor-
ing coma patients, especially in resuscitation
centres, transcranial Doppler and transcranial
echo-colour-Doppler may assume fundamental
roles due to their ability to evaluate and quan-
tify CBF (3, 5).

These techniques can also be used to evalu-
ate reductions in cerebral perfusion pressure
and vasoparalysis in order to rebalance CBF on
the basis of ICP trends (1, 2).

ACUTE PRIMARY FOCAL CEREBRAL
LESIONS

Haemorrhage

In the acute phase, freshly clotted blood has a
density of approximately 70-80 H.U. It therefore
appears hyperdense in comparison to the sur-
rounding cerebral parenchyma; however, when
fluid in consistency, newly extravasated blood
can appear relatively isodense. Over time the CT
density of the haematoma tends to decrease, with
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Fig. 4.18 - Subacute cerebral infarction within the right middle
cerebral artery territory. Unenhanced cranial CT shows wide-
spread cortical-subcortical hypodensity in the right tem-
poroparietal region. Moderate mass effect is present, as a result
of vasogenic oedema, represented by the effacement of the re-
gional superficial subarachnoid spaces and the compression of
the right lateral ventricle.



an eventual evolution towards hypo- isodensity, a
phenomenon that begins in the outside layers
and moves inward towards the centre of the
haematoma. The time required for the above-
mentioned alterations depends on the size and
site of the blood collection; in general, parenchy-
mal haemorrhages remain hyperdense for many
days and only appear frankly hypodense after
several weeks. The evolution of mass effect fol-
lows a similar pattern: after a few hours, as oede-
ma grows, the mass effect increases; in the ab-
sence of treatment, mass effect reaches a peak af-
ter 3-5 days, before gradually shrinking and dis-
appearing, resulting in a loss of brain substance
in late stages after many weeks or even months.

As mentioned previously, MRI at present is
far less sensitive relative than CT in its ability to
recognize the hyperacute phase haemorrhages:
oxyhaemoglobin present a nearly or completely
isointense signal in almost all image sequences
(both T1- and T2-dependent sequences). With
the subsequent transformation into methaemo-
globin, MRI becomes more specific and sensi-
tive than CT: initially the methaemoglobin that
is contained within the non-lysed red cells pres-
ents a signal that is hyperintense on T1- and
isointense on T2-weighted MR sequences,
whereas subsequently, with the lysis of the red
blood cells, extracellular methaemoglobin ap-
pears hyperintense on all sequences. Lastly, 
the subsequent evolution of the bleed into
haemosiderin results in the haemorrhage be-
coming hypointense on T2-weighted sequences.
This is especially apparent if the acquisitions
(e.g., gradient recalled echo) are sensitive to the
presence of paramagnetic substances (e.g.,
haemosiderin and ferritin) (11).

Cerebral ischaemia

In the hyperacute phase, the CT and MR man-
ifestations of cerebral ischaemia consist mainly in
cytotoxic oedema (Fig. 4.20); subsequently, from
12-24 hours later, vasogenic oedema appears, en-
larges and becomes more readily visible, this in
part due to mass effect (Fig. 4.16) (10, 13). Early
CT signs of ischaemia are particularly evident in
the lentiform nucleus (when the deep territory of

260 IV. EMERGENCY NEURORESUSCITATION

Fig. 4.19 - Diffuse axonal injury (damage). Unenhanced cranial
CT shows the presence of multiple, small cortical-subcortical
junction haemorrhagic foci. These haemorrhages are an ex-
pression of axonal shearing, some of which are not visible due
to the absence of bleeding. The parenchymal, and therefore
functional, damage is often greater than predicted on the basis
of CT alone. [a, b) unenhanced axial CT].
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the middle cerebral artery is affected) due to the
disappearance of its normal physiological hyper-
density. This finding, which can sometimes be
very slight, is strengthened by any finding of clear
hyperdensity (thrombosis, embolism) in the lu-
men of the first segment of the middle cerebral ar-
tery; in the same manner, this CT hyperdense sig-
nal can be observed in the basilar artery in cases
of acute thrombosis/embolism.

Utilizing classic T1- and T2-weighted MR
acquisitions in the initial phase of cerebral is-
chemia, findings and sensitivity are similar to
those of CT. However, with new diffusion
weighted sequences, both sensitivity and speci-
ficity are far greater relative to CT and enable,
when appropriate, the prompt application of
systemic or selective intraarterial antithrombot-
ic treatment.

Cerebral oedema

Cerebral oedema is a non-specific phenom-
enon. Many events can cause intracellular cy-

totoxic oedema. Cytotoxic oedema, an expres-
sion of cellular injury, principally involves the
cerebral cortex and the basal nuclei of the
cerebral hemispheres. Oedema generally
shows a relative reduction in density on CT, a
reduction in signal on T1-weighted MR and
hyperintensity in T2-weighted sequences. Clin-
ical practice has recently witnessed the intro-
duction of T2-dependent FLAIR sequences
(Fig. 4.22), on which abnormal signal alter-
ations adjacent to the superficial and deep sub-
arachnoid spaces are more immediately recog-
nizable, thanks to the choice of parameters
that cancel out the CSF signal; these sequences
are currently the most sensitive in demonstrat-
ing oedema and pathological tissue in general
in the acute phase of patient deterioration.
Oedema can also be recognized by its mass ef-
fect, however, this may be very modest in the
cytotoxic phase; in this early time period, the
oedema may appear on CT not as hypodensity,
but simply as a loss of the slight normal physi-
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Fig. 4.20 - Cytotoxic oedema. Unenhanced cranial CT reveals a
subtle absence of the normal hyperdensity of the left putamen
as compared to the contralateral structure, indicating the pres-
ence of ischaemic cytotoxic oedema.

Fig. 4.21 - Brain death. Unenhanced cranial CT demonstrates
bilateral subdural and subarachnoid blood collections. There is
also diffuse brain swelling, with loss of the grey-white matter
differentiation, and bilateral compression of the cerebral ven-
tricular system due to parenchymal oedema. 
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Fig. 4.22 - Global hypoperfusion. Unenhanced cranial CT performed 24 hours after a cardiac arrest during heart surgery documents
relative isodensity of the lenticular nuclei bilaterally. Axial T2-weighted MRI 48 hours after the event reveals MRI signal hyperinten-
sity within the lenticular nuclei. Axial T2-weighted and FLAIR MRI 3 weeks later demonstrates minor dilation of the ventricular sys-
tem as a result of resolution of cerebral swelling, and an increase in the hyperintensity of the MRI signal of the lenticular nuclei. The
FLAIR image at 3 weeks shows hyperintense cortical-subcortical MRI signal alterations. [a) initial axial CT; b) axial T2-weighted MRI
at 48 hours; c) axial T2-weighted MRI at 3 weeks; d) axial FLAIR MRI at 3 weeks].
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ological hyperdensity of grey matter in relation
to the white matter (i.e., loss of grey-white mat-
ter differentiation).

Solid/cystic/mixed neoplastic lesions

Patients with solid/cystic/mixed neoplastic
lesions may also present acutely, because of a
sudden worsening in intracranial hypertension,
due for instance to intratumoral haemorrhage
(13), acute obstructive hydrocephalus or fol-
lowing a seizure precipitated by the tumor. The
general CT/MRI findings will not be dealt with
in this chapter, but once again the general rule
applies that in such cases CT is suitable for the
initial diagnosis and analysis in emergency situ-
ations, whereas MRI is better suited to more
complete and definitive evaluation after the
acute stage has passed. 

WIDESPREAD INSULT/BRAIN
SWELLING

The main clinical and radiological aspects
appropriate to dealing with intracranial emer-
gencies are dealt with in specific chapters, how-
ever, we will here examine a number of differ-
ent conditions that may present with coma with
varying aetiology. We will also demonstrate
how, in addition to CT and MRI, important in-
formation can be gleaned from their integration
with other imaging techniques. 

Both conditions resulting in widespread
brain swelling (especially of traumatic aetiology
associated with DAI) and those associated with
vasospasm (especially that caused by subarach-
noid haemorrhage) have important conse-
quences on CBF (6, 7, 17). These lead to diffuse
ischaemic injury, with further brain swelling,
greater increases in ICP and therefore a more
marked reduction in CBF. In the case of DAI
(13), the primary injury is accompanied by the
exacerbating effect of compression of and dam-
age to the hypothalamic substructure that in it-
self leads to a loss of vascular autoregulation. 

Transcranial Doppler and transcranial echo
colour-Doppler make it possible to monitor

variations in the speed of flow in arterial seg-
ments undergoing vasospasm. In conditions of
normal or slightly raised ICP, the increase in
flow velocity (systolic or diastolic) represents
compensation between the reduction in arterial
calibre and the perfusion downstream from the
arterial narrowing. In conditions of significant
increases in ICP, a gradual increase in flow re-
sistance occurs, with a drop in flow velocity
(mainly diastolic) and a consequent reduction in
overall peripheral perfusion. DAI can affect the
substance of the thalamus and the brainstem,
tissues that are responsible for cerebral vascular
autoregulation, a physiological phenomenon
that is aimed at maintaining CBF constant over
a range of cerebral PP’s between 60 and 150
mm Hg.

When cerebral PP drops below the minimum
threshold in a brain trauma patient, cerebral hy-
poperfusion occurs as a result of progressively
enlarging intracranial hypertension. Transcra-
nial Doppler velocity measurements enable the
identification of an increase or decrease in cere-
bral arterial flow speeds, which are generally in
line with CBF alterations. CBF increases sec-
ondary to increased flow velocity caused by va-
soparalysis are responsible for an increase in
ICP and therefore the gradual, progressive de-
crease in CBF ultimately leading to the condi-
tion of cerebral vascular stasis (12, 17).

In recent years, establishing the diagnosis of
brain death has gained particular importance
because of the consonant importance in the
harvesting of transplant organs from patients in
irreversible coma. In addition to neurophysio-
logical and metabolic tests, current regulations
also require the certification of cerebral blood
flow arrest (cerebral vascular stasis).

In such situations, angiography and transcra-
nial ECD can be used for this purpose. Angio-
graphic examinations document the stoppage of
contrast medium progression within the internal
carotid arteries and within the basilar artery, in
the absence of delayed opacification of the cere-
bral arteries. Stasis of the arterial structures in
the infratentorial compartment typically follows
that of the supratentorial region (Fig. 4.21).

Another important clinicoradiological situa-
tion to consider is the condition consequent to
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widespread hypoperfusion (caused for instance
by massive coronary infarction or prolonged se-
vere systemic hypotension) or to global hy-
poxygenation (13) (for example following car-
bon monoxide inhalation). The most frequent-
ly affected areas are those with highest physio-
logical oxygen demand, such as the basal nuclei
of the cerebral hemispheres and the cerebral
cortex. CT is usually negative immediately after
the event, but may subsequently (Fig. 4.22) re-
veal the disappearance of the normal physio-
logical hyperdensity of basal nuclei and the 
differential density between grey and white
matter. On occasion, the only sign of such
pathology is a non-specific observation of brain
swelling. MRI performed on the 2nd-7th day fol-
lowing the inciting event documents with
greater certainty the alteration in signal of the
basal ganglia and later the typical cortical
necrosis having a gyriform (laminar) distribu-
tion. Evolution towards a severe generalized at-
rophy of the affected regions can ensue rather
quickly. 
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INTRODUCTION

The observation, clinical evaluation and
prognosis of coma patients is always a de-
manding matter and one that requires reliable
diagnostic instruments capable of providing
answers in real time. This evaluation is further
complicated by the varying aetiology of comas
of acute onset. Some of the most frequent
causes of coma include: head injuries, brain tu-
mours, cerebrovascular lesions, meningitis, en-
cephalitis and cerebral abscesses, epilepsy
(postcritical coma), exogenous intoxication,
endogenous intoxication (metabolic coma, se-
vere hydroelectrolytic imbalances), respiratory
insufficiency, and cardiocirculatory insufficien-
cy. However, irrespective of the cause of the
coma, the pathophysiology of functional brain
damage rests on dynamic factors whose evo-
lution must be recognized and monitored with
care.

We believe that in neuroresuscitation,
alongside the essential, accurate objective
neurological examination and monitoring of
cardiorespiratory and metabolic functions,
diagnostic examinations with medical instru-
ments are finding an increasingly important
place. It is now possible to study the many
aspects of cerebral pathophysiology using

neurophysiological (e.g.: EEG, evoked poten-
tials), morphological (e.g.: CT, MRI) and
functional (e.g.: PET, SPECT) methods
aimed at swiftly understanding events that al-
ter the balance between the various compo-
nents of the cranioencephalic system and
cerebral perfusion.

Alterations in cerebral perfusion can be
studied using two possible categories of analy-
sis: invasive (e.g.: measuring ICP; measuring
the jugular venous saturation of oxygen, SvjO2;
conventional selective angiography) and non-
invasive (transcranial Doppler [TCD] and ra-
dionuclide scintigraphy of brain perfusion
[SPECT]).

The introduction of SPECT into clinical
neuroresuscitation practice has made it pos-
sible to obtain more rapid and accurate di-
agnoses and make more certain prognostic
judgements. The most satisfactory results
have been obtained in the examination of
postanoxic coma, where perfusion parame-
ters have proved reliable for guiding thera-
py, and in cases of suspected brain death,
where SPECT is useful in dispelling doubts
in either direction. In cases of posttraumat-
ic coma or coma caused by stroke, brain per-
fusion as determined by SPECT has enabled
a more certain prognostic prediction.
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MEASURING CBF

The brain is the organ that more than any
other requires a constant supply of oxygen and
glucose transported by the blood (7). Measur-
ing CBF makes it possible to visualize the
haemodynamic and pathophysiological conse-
quences of intracerebral pathology.

At the current time, there are no valid alter-
natives to the use of radionuclides to obtain
quantitative flow measurements, especially in
the posterior cerebral fossa and brainstem. The
principal methods of the various techniques for
studying CBF with gamma-emitting radioactive
tracers are shown in Table 4.1. In our experi-
ence, we have used the repartition method 
utilizing hexamethyl propylene-amine-oxime
(HMPAO) marked with 99mTc as a tracer.

The main steps of the technique we use are
as follows (1, 3):

1. intravenous injection of a 99mTC HM-
PAO;

2. when the fat-soluble HM-PAO molecules
are taken by the blood to the brain, they pass
through the blood-brain barrier, with a high ex-
traction from the blood bed, and bond to the
brain tissue;

3. as a consequence the distribution within
the brain is proportionate to the regional cere-
bral blood flow (rCBF);

4. a bond between the HM-PAO mole-
cule and the cerebral tissue forms and re-

mains constant for at least one hour (suffi-
cient time in which to perform the SPECT
examination);

5. subsequent redistribution of the molecule
in the white and grey matter. 

The interpretation of the images obtained
using brain SPECT with hexametazyme is
based on visual criteria (through a comparison
with chromatic scales correlated with the lev-
els of radioactivity recorded in the various ar-
eas of the brain) and on the possibility of a
semiquantitative study performed by compar-
ing homologous areas with gamma-emission
differences higher than 12-16%. In particular,
in all those cases in which a cerebral hemi-
sphere, or part of it, is significantly different-
ly perfused than the contralateral, it is possi-
ble to calculate a perfusion ratio using the fol-
lowing expression (2):

Perfusion ratio =
Counts/pixel affected side x 100

Counts/pixel healthy side

The resulting value constitutes a measure-
ment of the asymmetry between the two hemi-
spheres.

SPECT also makes it possible to make a
more accurate prognostic evaluation of the un-
derlying problem, which is usually simply clas-
sified into a favourable or unfavourable prog-
nosis (Table 4.1).

Tab. 4.1 - Prognostic evaluation of cerebral lesions by SPECT.

266 IV. EMERGENCY NEURORESUSCITATION

Method Radiotracer Advantages/Disadvantages

Vascular Clearance 133Xe A: quantitative 
(if intracarotid injection)
D: invasive

Dilution 99mTcO4 A: simple, easily 
available radiotracer

99mTc-albumin D: not quantitative
99mTc-DTPA

Repartition 99mTc-HM-PAO A: steady state
123I-IMP D: unknown uptake process



Good prognosis Bad prognosis

Meningeal lesions Focal lesions
Not focal lesions Many lesions
Small lesions Large lesions
Few lesions Parietal lesions
Occipital lesions Brainstem lesions
Frontal lesions Cerebellar lesions

Temporal lesions

Tab. 4.2 - Prognostic evaluation of brain lesion using SPECT.

In our practice we use a rotating gammacam-
era with a single dedicated head (GE 400 AC,
Milwaukee, Wisconsin, USA) a few minutes af-
ter an intravenous injection of freshly prepared
950 MBq of 99mTc -HM-PAO (Ceretec, Amer-
sham-Sorin, Saluggia, Italy).The following ac-
quisition parameters are used: 64 planar images
with a 1.6x zoom, 64 x 64 pixel matrix, radius of
rotation = 15 cm (on average), 20% symmetric
window on photopeak of 140 keV of the
99mTc, acquisition time 25-30 minutes and a
general purpose parallel hole collimator.

During the examination the patient is venti-
lated using a portable automatic respirator (Pu-
ritan Bennet Companion 2801, USA), monitor-
ing blood pressure with a portable electronic
modulus (Propaq 102, Protocol System Inc.
Oregon, USA); ECG and the arterial saturation
of O2 of the haemoglobin is determined with a
peripheral digital detector.

CLINICAL USAGE OF HM-PAO SPECT

The study of brain perfusion in coma patients
has come to be part of routine clinical practice in
our Resuscitation Centre in all those cases in
which conventional neurophysiological and radi-
ological techniques are inadequate in providing a
reliable prognostic estimate. The findings from a
number of coma patients are summarized in the
text below. For comparative purposes, Fig. 4.23
shows a SPECT image for a normal brain.

Posttraumatic coma

SPECT’s superiority over CT in studying
head injuries that do not demonstrate focal le-

sions consists mainly in its ability to detect patho-
physiological cerebral perfusion alterations be-
fore the appearance of gross injuries that CT can
detect (8).

Cerebral ischaemia can be a consequence of
vasospasm occurring immediately after a trau-
ma or following episodes of cardiocirculatory
instability. This situation calls for serial studies
of cerebral flow in order to detect either in-
creases or decreases in perfusion. CBF also cor-
related with the final clinical outcome: persist-
ently low CBF values have an unfavourable
prognosis, whereas patients whose CBF rapidly
returns to normal levels will typically have a
better recovery.

Another important aspect of CBF measure-
ments is that SPECT highlights a reduction in
flow that may be directly proportionate to the
degree of cerebral oedema. For example, an in-
crease in cerebral oedema can reduce or even
completely interrupt CBF.

Clinical Case
PATIENT T.R.
AGE 25 years
DIAGNOSIS head injury
GCS on admission 5
SAPS (Simplified 
acute Physiology Score) 8 

Fig. 4.23 - Normal SPECT examination. SPECT examination
of the brain utilising 99mTC HM-PAO in a healthy subject for
comparison.
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The CT examination (Fig. 4.24) was nega-
tive for focal lesions; the BAEP’s determination
(Brainstem Auditory Evoked Potentials) was
normal. The scintigraphic study of cerebral
perfusion in this patient showed (Fig. 4.25)
multiple small perfusion defects in both cere-
bral hemispheres, with good perfusion of the
cerebral cortex. The patient came out of coma
approximately one month from the injury. He
was subsequently referred to a functional reha-
bilitation centre in order to complete the re-
covery of neuromuscular activity.

Acute cerebrovascular pathology

To reiterate, in studies of rCBF in cere-
brovascular disease, SPECT is able to docu-
ment flow alterations at an early stage, within a
few hours after the trauma. This is observed be-
fore CT becomes positive, which in this stage
occurs in less than 1 case every 5. Serial rCBF
studies have considerable prognostic impor-
tance: patients with limited perfusion defects
subsequently generally show complete or near
complete recovery, whereas almost 50% of pa-
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Fig. 4.24 - Post-traumatic coma. Unenhanced CT shows no abnormality.



tients with diffuse areas of hypoperfusion, or es-
pecially a complete absence of perfusion (4,5),
have an unfavourable outcome as is shown in
the following case.

Clinical Case
PATIENT A. G.
AGE 75 years
DIAGNOSIS right temporoparietal 

haemorrhage
GCS on admission 6
SAPS 14

CT documented the presence of an extensive
right temporoparietal haemorrhagic focus with
lateral ventricular compression and midline
shift (Fig. 4.26). SPECT demonstrated a large
area of perfusion absence involving the upper
portion of the right parietal lobe that extended
more caudally, frontally, medially and posterior-
ly, thereby including the right subcortical grey
matter structures. Overall, the remaining cere-
bral cortical and subcortical structures ap-
peared to be well perfused. Crossed cerebellar
diaschisis was also present (Fig. 4.27).

A subsequent SPECT examination per-
formed approximately one month from the first

study documented (Fig. 4.28): discreet im-
provement of the perfusion in a right posterior-
frontal region, immediately in front of the
haemorrhagic area; marked recovery of perfu-
sion at the right temporal level, substantial nor-
malization of the crossed cerebellum diaschisis.
Overall, the picture showed a more or less com-
plete recovery of perfusion within the areas of
ischaemic penumbra surrounding the haemor-
rhage. Nevertheless, the patient, who died ap-
proximately 6 months after the stroke due to
the extent of the original focus, was unable to
recover beyond the level of coma.

Postanoxic coma

The cerebral consequences of cardiocircula-
tory arrest often determine the vital prognosis
regardless of the success of the initial car-
diopulmonary resuscitation. In fact, only 15-
30% of patients with cardiopulmonary arrest
survive either with or without neurological se-
quelae (6).

Two separate clinical conditions precipitated
by cardiopulmonary arrest can be identified:
global cerebral hypoxia and incomplete cere-
bral ischaemia. The former is due to dimin-
ished arterial oxygen content together with an
increase in cerebral blood flow requirement
that occur in acute respiratory insufficiency; the
second is due to a reduction in the blood sup-
ply to the brain with normal arterial oxygen
content that occurs in cases of shock and in in-
tracranial hypertension (6).

The relationship between cerebral blood
flow, O2 transport (DO2) and cerebral oxygen
consumption (VO2) are shown in Table 4.3.
Fortunately, there is a margin of safety that the
brain has in hypoxia or anoxia, because the
quantity of O2 transported by the blood is
equal to 2 or 3 times cerebral VO2. Cerebral
perfusion SPECT in postanoxic coma therefore
shows impoverished cerebral blood flow, or if
this is normal, depressed neuronal function,
thus enabling the neuroresuscitator to con-
struct a prognostic judgement while guiding
him in the implementation of a specific thera-
peutic protocol. 
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Fig. 4.25 - Same case as in Fig. 4.24. Left hand images:
SPECT images reveal multiple small perfusion defects. Right
hand images: Another normal case is shown on the right for
comparison.



CBF x CaO2 = DO2
CBF=5Oml/min/ 100 g
CaO2 = 20 ml / 100 ml
DO2 = 10 ml / min / 100 g
VO2 = 3-5 ml / min / 100 g

CaO2 = arterial oxygen concentration

Tab. 4.3 - Relationship between CBF, O2 transport (DO2) and
cerebral oxygen consumption (VO2).

Clinical case
PATIENT T.A
AGE 49 years
DIAGNOSIS postanoxic coma
GCS on admission 7
SAPS 14

The first scintigraphic study in this patient
documented a marked reduction in blood sup-
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Fig. 4.26 - Acute cerebrovascular pathology. Unenhanced CT demonstrates a large intraparenchymal haemorrhagic focus associated
with rupture into the ventricular system and ventricular dilatation.



ply throughout the cerebral cortex and in the
subcortical grey matter structures, without
demonstrating focal deficits. Cerebellum and

brainstem perfusion were generally well con-
served (Fig. 4.29). A subsequent study (Fig.
4.30) highlights the asymmetry of the peripher-
al blood flow distribution between the two
cerebral hemispheres with global hypoperfu-
sion of the left hemisphere.

Finally, the third examination (Fig. 4.31) per-
formed 15 days from the first, documented good
overall cortical perfusion within both cerebral
hemispheres and the disappearance of lateralized
flow asymmetries. The improvement in brain
perfusion documented by SPECT correctly pre-
dicted the patient’s gradual recovery from coma.
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Fig. 4.26 - (Contd.).

Fig. 4.27 - Same case as in Fig. 4.26. Note that the SPECT im-
ages reveal extensive perfusion defects and evidence of cere-
bellar diaschisis.
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Fig. 4.28 - Same case as in Figs. 4.26 and 4.27. The follow up
SPECT examination shows an improvement in brain perfusion.

Fig. 4.29 - Post-anoxic coma. The SPECT study demonstrates
diffuse, bilateral marked reduction in perfusion of the cerebral
cortex.

Fig. 4.30 - Same case as in Fig. 4.29. A SPECT follow up ex-
amination conducted seven days later shows that the global hy-
poperfusion of the left cerebral hemisphere persists. The CT
study in this patient was negative (not shown).

Fig. 4.31 - Same case as in Figs. 4.29 and 4.30. Two weeks after
the first examination, the SPECT images show good cerebral
perfusion recovery.
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INTRODUCTION

Throughout mankind’s history, the concept
of death has changed constantly in parallel with
the scientific, cultural and social evolution of
the various eras. Until the nineteenfifties, the
interruption of the heart beat or breathing
marked the point in time in which an individual
was deemed to be dead. With the introduction
and dissemination of resuscitation techniques
as well as with the availability of total artificial
respiratory and cardiocirculatory support, it is
no longer sensible to equate the time of death
with the time of cardiorespiratory arrest. In
fact, externally controlled respiratory and car-
diocirculatory techniques have made it possible
to consider that a patient who is no longer able
to breath autonomously is nevertheless alive.

However, these cardiopulmonary resuscita-
tion techniques may also allow a patient to con-
tinue to be well oxygenated and maintain suffi-
cient haemodynamic stability for limited peri-
ods even when all cerebral functions have been
completely and irreversibly lost. It therefore
follows that the confirmation of death cannot
be based on the observation or conservation of
autonomous cardiopulmonary activity alone.

Over the past thirty years this observation
has led to the introduction of the concept of

“brain death”, intended as a definitive and
complete loss of all functions of the CNS. In
the 1960’s the French school of medicine pro-
posed the term coma depassée to describe this
condition, however from a semantic point of
view the term is inaccurate because, as it indi-
cates a state of brain death, it is no longer pos-
sible to speak of coma. Coma in fact implies
that brain activity is still present, albeit com-
promised to a greater or lesser extent. It is
therefore preferable to avoid such expressions
as “irreversible coma” but instead use the term
“brain death” (BD) to indicate a subject whose
cerebrum is no longer vital but whose car-
diopulmonary function is still present.

By BD, we therefore signify the irreversible
arrest of all brain function, including that of the
brainstem, which is precisely the structure
whose loss of function is required for the veri-
fication of brain death (14).

PATHOPHYSIOLOGY

The skull, a rigid and inelastic container,
contains: brain substance, interstitial fluid, ar-
terial and venous blood and the cerebrospinal
fluid (CSF). Any variation in the volume of one
or more of these components must necessarily
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be compensated for by a variation in one of the
other components in order to maintain total in-
tracranial volume and pressure constant.

With progressive increases in volume, with-
in certain limits, a slight and equally gradual in-
crease in intracranial pressure (ICP) takes
place. A part of this compensation takes place
as a consequence of the cranial CSF being dis-
placed into the subarachnoid space of the
spinal canal (14). If the increases in volume are
sufficiently large to exceed so-called cerebral
compliance, intracranial hypertension sets in,
which if not treated can be life threatening.

The close relationship that exists between
ICP and cerebral blood flow (CBF) means that
any increase in intracranial pressure must cor-
respond to an increase in venous and arterial
pressure. This mechanism serves to prevent a
collapse of the cerebral blood vessels and there-
fore makes it possible to maintain adequate
cerebral perfusion pressure (CPP).

There are cases in which this compensation
mechanism is inadequate and in such instances
the ICP increases beyond the limit required to
ensure adequate CPP. This occurs when nonspe-
cific cerebral mass effect is not controlled or con-
trollable using therapy, resulting in an increase in
brain volume within the rigid skull. This in turn
causes a consequent compression of the intracra-
nial vascular structures in order to gain addition-
al intracranial space. In an attempt to compen-
sate for this situation, a vicious circle is estab-
lished whereby CBF rapidly increases, contribut-
ing to further increases ICP and, ultimately, to
further reductions in CPP.

At this point ICP, which can increase be-
yond 40 mm Hg, prevents adequate CPP with
consequent anoxia and death of the brain with-
in a very few minutes. The compressive effect
of high ICP upon the cerebral vessels with
eventual arrest of the blood flow correlates
with studies showing an absence of cerebral
perfusion.

DIAGNOSIS

The diagnosis of BD is first and foremost a
clinical one, the main signs being clinical coma,

together with the absence of brainstem reflexes
and apnea. The main pathogenic factor leading
to BD is a severe state of brain swelling with a
progressive reduction and eventual complete
interruption of intracranial blood flow.

The further clinical criteria (16) for the diag-
nosis of BD are the absence of spontaneous so-
matic movements, total areflexia and an ab-
sence of activity on the EEG as well as on the
brainstem auditory evoked potentials (BAEP).
However, such findings can be mimicked by
various causes such as intoxication from medi-
cines, hypothermia and technical problems
with the recording equipment (14). For this
reason the Italian law (Law n. 578 of 29/12/93;
Italian Ministry of Health Decree n. 582 of
22/8/94) establishes that complementary inves-
tigations aimed at highlighting the absence of
cerebral blood flow need to be performed in
order to prove BD (15, 18). However, ancillary
examinations used for the confirmation of BD
are only conducted if the usual clinical criteria
are unable to provide an unquestionable diag-
nosis.

Transcranial Doppler (TCD) examinations
can be performed with ease at the patient’s
bedside and can demonstrate the interruption
of arterial flow with a sensitivity that varies
from 90% to 99%, and with a specificity that
approaches 100%. In order to confirm a TCD
diagnosis of vascular stasis, it is recommended
that the examination be repeated 30 minutes
following the first determination. 

TCD can be used to diagnose BD (3, 8) (al-
though it remains decidedly operator-depend-
ent) on condition that the examination is car-
ried out with both a supra- and subtentorial ap-
proach while checks of systemic systolic blood
pressure insure that the recorded values do not
drop below 70 mmHg.

In cases of brain death, in addition to re-
vealing the potential presence of focal lesions,
computed tomography (CT) enables the detec-
tion (21) of cytotoxic oedema secondary to is-
chaemia- related diffuse cellular necrosis. This
is responsible for the predominant hypodensity
of the grey matter, with the disappearance of
the grey-white grey matter differentiation. This
is also accompanied by a reduction and eventu-

276 IV. EMERGENCY NEURORESUSCITATION



al disappearance of sulcal, pericerebral and
ventricular CSF spaces due to cerebral swelling
(Fig. 4.32).

However, CT alone does not allow an un-
questionable distinction between diffuse
parenchymal insult and frank brain death. The
use of spiral CT has been proposed as a method
that may overcome this limitation. A demon-
stration of the absence of cerebral blood flow
(4), as required for the diagnosis of BD, is per-
formed by means of the acquisition of images in
the arterial and venous phases after the admin-
istration of intravenous contrast medium utiliz-
ing a rapid bolus injection. This technique en-
ables the measurement of blood flow, blood vol-
ume, mean transit times and flow peak times of
the cerebrum corresponding to the territories of
the main arterial vessels, including the anterior,
middle and posterior cerebral arteries (13).

CBF measurements can also be obtained by
evaluating the distribution of inhaled xenon,
which diffuses into the brain to form a variation
in tissue density (10, 17). 

It is also possible to visualize the arterial ves-
sels directly by using the angio-CT technique.
The administration of a bolus of intravenous
contrast medium is followed by a high spatial
resolution volumetric acquisition, with results
that are similar to those obtained by conven-
tional selective angiographic catheterization. 

However, all the various possibilities of es-
tablishing BD diagnosis by CT described above
have yet to be validated for use for forensic
purposes.

Cerebral angiography by means of selective
arterial catheterization (Fig. 4.33), preferably
utilizing digital imaging equipment, has limita-
tions in that it is invasive and cannot be per-
formed in all centres (20). In the past this tech-
nique has repeatedly been proposed as a
method for diagnosing BD. If this method is
utilised, we suggest tailoring the examination to
include a study of the supraaortic vessels 
and the intracranial circulation by a simple
catheterization of the ascending aorta, with in-
jection of contrast medium at this point using
the automatic injector. In order to certify BD,
one must be able to demonstrate the absence of
filling of the internal carotid arteries and the
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Fig. 4.32 - Diffuse cerebral cytotoxic oedema in a patient with
subarachnoid haemorrhage. Unenhanced CT shows swelling of
the brain with compression of the ventricular and subarach-
noid spaces of the supratentorial compartment and posterior
fossa. Note also the disappearance of the grey-white matter dif-
ferentiation indicating diffuse cytotoxic oedema.



vertebral arteries at the point where they enter
the skull together with normal filling of the ex-
ternal carotid arteries (2, 5, 9). Being an inva-

sive technique, and given the known potential
for the toxic effect of the contrast medium on
organs suitable for transplantation, certain
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Fig. 4.33 - Brain death. Selective right carotid arteriogram reveals an absence of flow of contrast past the base of the cranium via the
internal carotid artery. Similar findings were observed in the left carotid and vertebral arteries (not shown).



doubts have been voiced concerning the use of
conventional cerebral angiography for verifying
BD (20).

Magnetic resonance imaging (MRI) easily
demonstrates diffuse cerebral oedema, even at
an early stage, using T2-weighted or diffusion-
weighted imaging sequences; MR spectroscopy
can directly show the presence of lactic acid, an
early indication of cellular necrosis; MR an-
giography can indicate the presence or absence
of flow in the cerebral veins and arteries. De-

spite the fact that MRI does present certain dif-
ficulties in execution and has some clear limita-
tions, the initial results would suggest further
future investigation into its potential medico-le-
gal use in the evaluation of BD (11, 12).

With regard to nuclear medicine methods, the
study of cerebral perfusion with 133-Xenon,
which is not readily available, does not enable
evaluation of the deep brain structures and is
hindered by artefacts caused by increased ex-
tracranial flow (19). In addition, cerebral an-
gioscintigraphy can be difficult to interpret, and
importantly, it is unable to study the vascular
structures of the posterior fossa (7, 19).

On the other hand, in our experience and
that of others, SPECT with HM-PAO has
proved to be simple to perform and interpret
(1, 6). Additionally, it has made it possible to
diagnose brain death at an early stage.

Using SPECT, the diagnosis of brain death
is made by demonstrating an absence of per-
fusion throughout the brain. One example of
this finding is shown in Fig. 4.34: absence of
detection of the radionuclide in the brain; de-
tection of radionuclide in the subcutaneous
muscular and bony tissues of the skull. In the
same case CT demonstrated the presence of a
deep intraparencymal haematoma (Fig. 4.35).
In another patient (scintigraphic planar scans
in AP: Fig. 4.36; SPECT: Fig. 4.37), CT and
MRI studies (Figs. 4.38-4.42) demonstrated
the presence of an intraparenchymal haema-
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Fig. 4.34 - Brain death. SPECT scans reveal a complete absence
of cerebral and cerebellar perfusion. [a) axial a), sagittal b) and
c) coronal SPECT].

a

b

c
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Fig. 4.35 - Same case as Fig. 4.34. The CT images show only the presence of a deep intraparenchymal haematoma.

Fig. 4.36 - SPECT, CT and MRI comparison of brain death. See
text.

Fig. 4.37 - SPECT, CT and MRI comparison of brain death. See
text.



toma, intraventricular and midbrain haemor-
rhage and brain swelling. MRI also demostrat-
ed a loss of grey-white matter differentiation
and the absence of blood flow in the main in-
tracranial vessels, suggested by a high in-
travascular MR signal intensity. 
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Fig. 4.38 - SPECT, CT and MRI comparison of brain death. See
text.

Fig. 4.40 - SPECT, CT and MRI comparison of brain death. See
text.

Fig. 4.41 - SPECT, CT and MRI comparison of brain death. See
text.

Fig. 4.39 - SPECT, CT and MRI comparison of brain death. See
text.



Whichever methodology is embraced, it is
recommended that explicitly approved proto-
cols are adopted in all hospitals were BD certi-
fication is performed taking into account local
situations and conditions.
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Fig. 4.42 - SPECT, CT and MRI comparison of brain death. See
text.
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INTRODUCTION

Postsurgical craniospinal emergencies con-
stitute an important aspect of neuroradiology
because early, accurate diagnosis forms the ba-
sis for rapid, optimally undertaken treatment
and potentially improved patient outcomes.
The correct interpretation of cranial and spinal
imaging studies requires an extensive knowl-
edge of the underlying pathology as well as the
specific operative techniques used, making a
close cooperation between neuroradiologist
and neurosurgeon imperative. The imaging
findings in postsurgical emergencies depend on
the site of the operation, the surgical technique
and the clinical status of the patient.

As a general rule, the choice of the neurora-
diological modality for the study of such
pathology depends primarily on specific clini-
cal indicators. For acute phase evaluations of
the skull, CT remains the diagnostic technique
of choice. This is both because there are no
contraindications to the use of CT in patients
with metal cerebral aneurysm clips or in the
presence of patient support devices (as with
MRI), as well as for the very short time period
required for performing the examination.

This being said, MRI is the most sensitive
technique for use in spinal cord evaluation, in

particular for the evaluation of haemorrhage,
oedema and ischaemia. Nevertheless, CT and
traditional radiography still play an important
role in the evaluation of the spinal column it-
self, such as the investigation of suspected post-
surgical vertebral collapse or signs and symp-
toms linked to the malpositioning or movement
of implanted surgical spinal appliances.

It should be highlighted that the diagnostic
sensitivity of both CT and MR in evaluating the
skull and, especially, the spinal cord, is substan-
tially reduced by the presence of artefacts
caused by the ferromagnetic materials used or
implanted during surgical procedures (e.g.,
clips, shunt catheters, plates, screws, rods and
metal residues from drilling and bone resec-
tion). In order to minimize this phenomenon,
fast spin echo sequences (44-46, 54) are used in
MRI; because these acquisitions are less sensi-
tive to magnetic susceptibility than are conven-
tional sequences, there is a consequent reduc-
tion in the artefacts induced by the ferromag-
netic material. Moreover, these sequences are
particularly useful for studying the spinal sub-
arachnoid spaces and the meningeal nerve root
sheaths.

In this chapter, we will outline the most
common postsurgical neuroradiological emer-
gencies, discussing both those following cranial
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surgery and those subsequent to spinal opera-
tive procedures; emergencies secondary to hy-
pophyseal surgery will be dealt with separately.

CRANIAL EMERGENCIES

The surgical approach to the cranium in-
volves a surgical route of choice that does not
have a substantial impact on the possible com-
plications that may ensue. Simplistically speak-
ing, the operative techniques used are cranioto-
my and craniectomy. In the former, the resect-
ed bony operculum is repositioned after the op-
eration, while in the latter it is removed from
the skull.

Within a few hours after the operation, sev-
eral things occur in the surgical site that do not
cause concern from a clinical point of view. For
example, small haematomas, extraaxial fluid or
air collections and swelling of the extracranial
soft tissues (Fig. 4.43). These findings tend to
resolve spontaneously within a few days of the
surgical procedure.

Haemorrhages

On certain occasions, the postsurgical out-
come may be seriously complicated by acute
events that significantly compromise the pa-
tient’s clinical situation. Acute oedema and
haemorrhage are the most commonly observed
emergencies, followed by hydrocephalus, infec-
tions and infarct (39).

Haemorrhage occurring immediately after
surgery is not rare, although the progress
made in surgical techniques and postsurgical
management have minimized the frequency of
this complication (7, 18, 52, 58). CT is un-
doubtedly the technique of choice for the
evaluation of postoperative haemorrhage, al-
though tiny bleeds, such as those adjacent to
the vertex or base of the skull, may prove dif-
ficult to visualize (7). Haematoma density de-
pends on the packed cell volume as well as du-
ration, and on blood concentration as well as
protein content. In severely anaemic patients,
for example, it may be possible to encounter

only very slightly hyperdense or even isodense
haematomas, which are difficult to diagnose
on the basis of CT. On the other hand, clotting
disorders and other causes of repeated haem-
orrhages may also profoundly alter the ap-
pearance of haematomas (6, 59).

Intraaxial haemorrhages

A large number of pathogenic mechanisms
may be responsible for postsurgical intraaxial
haemorrhage (Fig. 4.44). These haemorrhages
may be secondary to surgical procedures or to
systemic causes; in the case of the former, caus-
es may include inadequate haemostasis, subto-
tal removal of hypervascular neoplasia, direct
vascular trauma, postsurgical venous thrombo-
sis, and rapid decompression in cases of in-
tracranial hypertension (20). Systemic causes
(18, 59) may include systemic perisurgical hy-
pertension and clotting disorders (e.g., antico-
agulation therapy, kidney and liver disease and
disseminated intravascular coagulation) (Fig.
4.45). The removal of cerebral AVM’s may
cause intraaxial haemorrhage; in such cases

Fig. 4.43 - Craniotomy alterations. Unenhanced axial CT shows
expected alterations of a recent prior craniotomy procedure to
remove a left temporoparietal neoplasm.
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bleeding develops because of a loss of a low im-
pedence vascular bed in favour of normal cap-
illary circulation. One may also observe the
breakthrough phenomenon, indicating the
presence of congestion of the cortical capillary

circulation with consequent vasogenic oedema
due to a breakdown of the blood-brain barrier
(34, 51).

Although less frequently observed, postsur-
gical haemorrhages may also present at a dis-
tance removed from the surgical site (32, 37,
38, 48). In fact, cases of cerebellar haemorrhage
have been observed following supratentorial
operations. In this case, the supine position
could favour the stretching of the upper vermi-
an veins and their tributaries, with the resulting
laceration of the wall; this process could be fa-
cilitated by CSF overdrainage or by the in-
tracranial influx of air through the postopera-
tive drainage tube (59). 

Extraaxial haemorrhage

Extraaxial haemorrhage may occur in the
form of subgaleal, epidural and subdural
haematomas. The pathogenic mechanism most
commonly underlying subgaleal haematomas is
inadequate haemostasis during the reconstruc-
tion phase of the muscular and subcutaneous
planes, which results in a blood collection be-
low the surgical flap.
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Fig. 4.44 - Postoperative intra-axial haemorrhage. Axial CT (a)
shows extensive intraparenchymal haematoma in patient recent-
ly operated on for large frontal meningioma (b). [a) postopera-
tive unenhanced axial CT; b) preoperative T2-weighted MRI].

Fig. 4.45 - Spontaneous pontine haemorrhage. Unenhanced ax-
ial CT demonstrates an acute pontine haematoma in a patient
with plasmacytopenia following the surgical removal of a neo-
plastic metastatic deposit in the right temporal region.

a

b



Epidural haematomas, on the other hand,
are typically caused by a failure to treat
haemostasis of the dural mater. Less frequently
epidural bleeding may be precipitated by ex-
tended exposure of the dura mater with result-
ant injury to this meningeal tissue ultimately
leading to delayed haemorrhage (Fig. 4.46). 

Subdural haemorrhagic collections are usu-
ally a consequence of a sudden reduction in
CSF volume that causes a negative pressure
over the cerebral hemispheres. This in turn re-
sults in the stretching and then laceration of
the bridging cortical veins (25, 30, 57). These
haematomas may occur following seemingly
straightforward surgical procedures such as
the positioning of a ventricular shunt for non-
specific hydrocephalus or as a consequence of
sudden decompression of obstructive hydro-
cephalus during a posterior fossa mass resec-
tion.

Cerebral oedema

Cerebral oedema may be caused by a num-
ber of factors, such as surgical manipulations

that result in direct tissue trauma, vascular
spasm, various alterations of venous drainage
and fluid-electrolyte imbalances in the postop-
erative period. Brain swelling usually begins
within a few hours after the operation and lasts
up to 3 to 4 days, before slowly spontaneously
resolving (39).

The hypodensity and mass effect of oedema
as detected on CT scans may affect the area
closely associated with the surgical procedure,
or the entire hemisphere in which the operation
was performed. In certain circumstances, exter-
nal herniation of cerebral tissue through the
craniectomy site may occur. In other cases of
more massive swelling, internal herniation of
cerebral tissue may occur, such as in downward
transtentorial or transfalcian herniations (8). In
cases of complicated surgery in the posterior
fossa, cerebellar oedema may result in down-
ward internal herniation of the cerebellar ton-
sils through the foramen magnum (11, 28, 61).

Infections

Postsurgical infections may involve the sur-
gical flap alone or may spread to the adjacent
cerebral parenchyma (39). The infection of
the surgical site represents a potentially very
serious complication (5). The first sign of an
infectious process on imaging is the progres-
sive thickening of the meningogaleal complex
with intense enhancement of the inflamed du-
ra mater (Fig. 4.47). Generally speaking, MRI
is more sensitive to these changes than is CT
(14, 23, 24).

Sterile inflammation within the first 24
hours of the operation will cause benign, non-
infectious dural enhancement as well as similar
enhancement of the entire mengingogaleal
complex on MRI after the IV administration of
gadolinium (43). On CT, this type of postsurgi-
cal enhancement usually will only be seen at the
end of the first week after surgery. This normal
postsurgical enhancement may persist for a
number of months or even years on enhanced
MRI examinations, but does not typically en-
dure for more than six months on enhanced CT
studies (27).
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Fig. 4.46 - Postoperative extra-axial haemorrhage. Unenhanced
axial CT reveals an acute epidural haematoma over the frontal
convexity in patient following surgery for ipsilateral tem-
poroparietal meningioma.



Following craniotomy, the bone flap is
devascularized and therefore devitalized. For
this reason, bacterial proliferation and conse-
quently bony infection is facilitated (16). Stan-
dard treatment of bone flap infection involves
the removal of the infected bone and the
drainage of any associated suppurative collec-

tion that may have formed. In a similar manner
to haemorrhages, infectious collections may be
subgaleal, epidural or subdural in location.

Intraparenchymal postsurgical infection oc-
curs in a subacute phase following the opera-
tive procedure. In such cases, physical signs of
intracranial hypertension or fever can represent
a clinical and neuroradiological emergency.

Cerebritis represents the initial stage of a pu-
rulent brain infection, which if not treated may
evolve into a purulent abscess. Both cerebritis
and abscess are associated with oedema and
mass effect. On CT it is usually impossible to
distinguish cerebritis from a sterile postsurgical
reaction, infarction or benign oedema. Howev-
er, after the administration of contrast medium,
early cerebritis will reveal minor degrees of en-
hancement within the first few days following
the operation. If not treated, this area will de-
velop a necrotic core, which will show rim-
shaped contrast enhancement on imaging. On
delayed images (60-90 minutes), enhancement
may fill the centre of the abscess cavity (53).

Hydrocephalus

Postsurgical hydrocephalus may occur in up
to 33% of patients subjected to craniotomy
(28). In this case there is a slow, steady increase
in intracranial pressure resulting in neurologi-
cal signs and symptoms more typical of nor-
motensive hydrocephalus than of acute in-
tracranial hypertension (30, 34).

On the other hand, repeated (42) and exces-
sive ventricular shunt drainage in cases of treat-
ed hydrocephalus can generate the so-called
“slit ventricle syndrome”. This is an acute-sub-
acute syndrome characterized clinically by
vomiting, headache and alterations of con-
sciousness. On imaging, the lateral ventricles in
such cases are collapsed, thus giving the ap-
pearance of slit-like ventricles (12, 17, 21).

Infarction

Causes of a postsurgical cerebral infarction
can be found in factors closely linked to the op-
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Fig. 4.47 - Infection of the surgical site in patient previously op-
erated on for intracranial meningioma. Axial CT after contrast
medium administration shows extensive swelling and enhance-
ment of the superficial soft tissues overlying the temporal sur-
gical site which ultimately proved to be active infection.

a

b



eration itself (Fig. 4.48). The most frequent
surgical causes of infarction are the accidental
occlusion of arteries associated with cerebral
aneurysms or with clips on the components of
cerebral AVM’s. The total or partial occlusion
of an artery may also be caused by the use of a
bipolar coagulator during the removal of a
brain tumour.

The ischaemic area can be adjacent to the
site of the operation, or alternatively can occur
at a distance. In the latter case, the pathogenic
mechanism may be laceration of the bridging
meningeal veins due to rapid decompression of
cases of non-specific raised intracranial pres-
sure, cerebral retraction or compression dur-
ing surgery, marked systemic hypertension or
prolonged hypoxia during the operation (2, 3
15, 39).

HYPOPHYSIS

Postsurgical emergencies following opera-
tions on the hypophysis by the transsphenoid
approach are somewhat rare; most cases are
due to haemorrhage (intracerebral, subarach-
noid and intraventricular), hydrocephalus,
meningitis, marked pneumocephalus and
cerebrospinal fluid fistula formation. Alter-
ations of vision have also been observed fol-
lowing prolonged surgical compression or di-
rect surgical trauma to the optic chiasm,
tracts or nerves. Operations requiring surgi-
cal dissection that extends to the level of the
cavernous venous sinus may injure the adja-
cent cranial nerves. A rare complication of
transsphenoid surgery is the laceration or
rupture of the cavernous segment of the in-
ternal carotid artery, which may be rapidly fa-
tal (36).

SPINAL EMERGENCIES

Postsurgical spinal emergencies can be di-
vided into lesions of the neurological, bony or
soft tissues. In addition, spinal implant dys-
function can also lead to clinical emergencies.
This section has been divided into several parts

dedicated respectively to the upper cervical
spine (skull base-C2), the lower cervical spine
(C3-C7), the thoracolumbar spine and the lum-
bosacral spine. The type of operation and the
type of surgical approach commonly adopted
(anterior, anterolateral, posterior) are discussed
in each subsection (55, 56).

The upper cervical spine (skull base-C2)

Due to the particular mechanics of the at-
lanto-occipital articulation, techniques for fix-
ing and fusing the upper cervical spine are dif-
ferent from those used in the lower areas of the
spine (10, 19). The anterior approach can be
broken down into transoral, anterior retropha-
ryngeal and anterolateral retropharyngeal.
Each of these techniques presents surgical risks
that may potentially result in a clinical emer-
gency (55).

The transoral approach has been reported to
result in infection in up to 59% of cases (40).
Another complication is the creation of a pha-
ryngeal fistula due to the dehiscence of the sur-
gical incision.
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Fig. 4.48 - Postoperative cerebral infarction. Unenhanced axial
CT shows an extensive right hemisphere infarction associated
with mass effect in patient recently operated on for aneurysm
of the right internal carotid artery.



Complications affecting the spinal tissues in-
clude CSF fistulae with associated anterior
pseudo-meningocele formation. The latter is
due to a dural tear. Pseudo-meningoceles on
imaging appear as well-defined fluid collections
that extend along the intraspinal surgical tract
into the soft paraspinal tissues. Although on
MRI it commonly demonstrates the same inten-
sity as CSF, in certain cases it is possible to ob-
serve fluid-fluid levels with the relative differ-
ences in signal intensity being caused by the
presence of blood and other products (55).

In emergencies secondary to the malposi-
tioning of vertebral screws, there can be direct
injury to the neural structures adjacent to the
surgical site as well as to regional vascular struc-
tures such as the vertebral arteries (22, 26). 

Being extramucosal, the other approaches to
surgery in the upper cervical spine have lower
rates of postsurgical infections. However, given
the close relationship that the surgical route has
with major vascular structures (e.g., anterior
vertebral arteries, ascending anterior pharyn-
geal arteries, upper costo- thyrocervical branch-
es), this still constitutes a relative risk. For ex-
ample, retropharyngeal or lateral cervical
haematomas may be observed, as well as the for-
mation of pseudo-aneurysms secondary to sub-
acute vascular ruptures due to the weakening of
the wall of an overdistracted-compressed vessel
during surgery (4).

The posterior approach is generally used for
the reduction and subsequent fusion of the at-
lanto-occipital articulation in order to correct
atlantoaxial subluxation associated with insta-
bility. This surgical route enables access to the
foramen magnum, the posterior arch of the at-
las, the spinous process of C2 and the laminae
and articular facets of C1-C2 (9).

Generally speaking, surgical emergencies are
principally linked to pathology involving the
nerves or the spinal cord. In such situations it is
possible to observe, preferably by MRI, fluid
collections, posterior pseudo-meningocele for-
mation or the encroachment upon neurological
tissue by bony or soft tissue abnormalities. 

Complications from implanted surgical ap-
pliances include incorrect positioning of the
screws within the lateral masses of C1-C2 ad-

versely affecting the nearby spinal nerves or the
vertebral arteries. Moreover, in the event of
posterior C1-C2 stabilization procedures, the
collapse of the prosthetic implant or of the
bone graft may result in varying degrees of cen-
tral spinal canal stenosis with spinal cord com-
pression.

In such cases, the diagnostic imaging tech-
nique of choice is conventional radiography
first, to evaluate the bony spine and the spinal
implant, followed by MRI and then comple-
mented by CT myelography in extraordinary
cases in which the first two examinations do
not answer the clinical questions (41).

The lower cervical spine (C3-C7)

Surgery performed upon the lower part of
the cervical spine also includes anterior, antero-
lateral and posterior approaches. Overall, the
anterior and posterior routes are far more com-
monly utilized than the anterolateral one, and
we will therefore focus our analysis of potential
surgical complications on these (19).

In operations involving the anterior ap-
proach, it is possible although rare to observe
arterial (e.g., carotid, vertebral, superior thy-
roid arteries) and venous (e.g., internal jugular
vein) lacerations, spinal cord injury and oe-
sophageal and tracheal trauma. Overall, tempo-
rary or permanent injury to the recurrent laryn-
geal nerve has been described as the most com-
mon postsurgical complication of anterior ap-
proach cervical spine surgery (31, 60).

Acute postsurgical infections of the cervical
spine are rare. In such cases prominent epidur-
al enhancement may be observed associated
with mass effect and, if severe, spinal cord com-
pression. In some instances, the intravenously
administered contrast medium may penetrate
into the intervertebral disk spaces at the levels
of surgery. It is important to note that neither
disk space enhancement nor hyperintensity of
the intervertebral disk on T2-weighted images
of the operated region are to be considered ab-
solute indicators of spinal infection in the im-
mediate postsurgical period. Such observations
may only be due to expected postoperative
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oedema or the presence of blood at the surgical
site. Related to these observations, within days
of the surgery MRI may reveal areas of altered
signal at and near the operative site; such alter-
ations, characterized by low MRI signal on T1-
weighted images and high signal on T2-weight-
ed acquisitions, indicate the presence of oede-
ma and haemorrhage that may only be a physi-
ological response to the normal trauma of sur-
gery (19, 41).

Acute complications of anterior cervical
discectomy principally centre on the type of
the surgical implant utilized, including the
malpositioning of the fixation screws, due ei-
ther to their being too long or to the acci-
dental extension of the screws into the spinal
neural foramina. An emergency observed in
the chronic phase relates to the fracture of
the implanted spinal appliances (Fig. 4.49) as-
sociated with the collapse of the surgical con-
struct (26).

In cases of anterior fusion utilizing bone
grafts, the following neuroradiological emer-
gencies may occur: collapse of the native bone
graft, collapse of a synthetic bone graft, over-
distraction of the spine causing straightening or
even kyphosis of the cervical spinal curvature
as observed in the sagittal plane, and subsi-
dence of the synthetic bone graft into the
supra- and subjacent vertebral body marrow
spaces (Fig. 4.50).

Finally, we should point out the neuroradio-
logical emergencies related to extrusions of
prosthetic materials, such as in the case of ex-
pulsion of interbody bone grafts with compres-
sion of the oesophagus and trachea. In such
cases, both MR and conventional radiography
are ideal imaging modalities for demonstrating
the problem (13).

The posterior surgical approach is the most
common technique for the decompression of
the cervical spinal canal. This surgical route is
also typically used to stabilize complex frac-
tures. Postsurgical emergencies commonly ob-
served related to the posterior surgical ap-
proach are characterized by injuries to the
spinal or cervical spinal cord.

CSF leaks with pseudo-meningocele forma-
tion are also observed at this level of the spine

in cases where the meninges are inadvertently
breached. Finally, especially in cases of coagu-
lation disorders, the formation of epidural
blood collections can present as clinical emer-
gencies.

Other neuroradiological emergencies con-
cern the surgical technique used in posterior
decompression. In cases of cervical laminecto-
my, the extent of the removal of the vertebral
laminae can be insufficient, thus causing a pos-
sible stenosis upstream and downstream from
the bone decompression.

Lastly, in relation to cervical laminoplasty
(with widening of the cervical canal leaving
the plates in place), the stabilization systems
used (plates and screws, bone grafts, metal
wires) can recreate a condition of canal steno-
sis with subsequent worsening of the clinical
situation.
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Fig. 4.49 - Fracture of surgical spinal appliance. A lateral radi-
ograph of the cervical spine shows a fracture of the upper ver-
tebral body screw in a patient with cervical myelopathy operat-
ed on for spinal cord decompression and anterior fusion.



Emergencies linked to posterior instrumen-
tation include the malpositioning of transartic-
ular screws and those screws placed into the
lateral masses of the cervical vertebral bodies,
fractures of the posterior spinal facet joints, di-
rect surgical injuries of the vertebral arteries
and impingement on the exiting spinal nerves
and nerve roots.

The thoracic spine

As in other levels of the spine, clinical emer-
gencies of the thoracic spine (19) depend on
the type of surgery performed and the surgical
technique used.

The anterior surgical approach to the tho-
racic spine is best suited to the treatment of
neoplastic and infectious disease, and for the

management of complex problems such as sco-
liosis. Potential complications that may require
emergency medical imaging studies include
lung and pleural trauma, haemorrhage from in-
juries of the intercostal arteries or the azygos
vein and complications arising from injury of
the lymphatic trunk. In such cases, the diag-
nostic modality of choice is spiral CT per-
formed either with or without the use of intra-
venous contrast media.

Accidental penetration of the spinal meninges
resulting in CSF leakage may cause fluid collec-
tions in a pleural, extrapleural, posterior spinal
soft tissue or retroperitoneal location. In rare cas-
es, haematomyelia may occur from direct trauma
of the spinal cord (47). 

The posterior approach to spinal surgery is
utilized for laminotomy and/or laminectomy
used for the treatment of spinal fractures, de-
compression of spinal stenosis and neoplastic
lesions (13). In addition, the posterior route is
classically used for the correction of skeletal de-
formities, such as scoliosis.

The posterior surgical approach is also
most commonly used for the stabilization of
the thoracic spinal column. With regard to
spinal surgical instrumentation, the same
complications may occur in the thoracolum-
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Fig. 4.50 - Collapse of spinal interbody bone graft in patient
undergoing for diskectomy and spinal fusion. A lateral radi-
ograph of the cervical spine shows postoperative intervertebral
disc space collapse at the C6-7 level following diskectomy and
attempted bone graft placement.

Fig. 4.51 - Dislocation of surgical appliances following verte-
bral collapse in patient with multiple myeloma operated on for
posterior stabilisation. [axial CT].



bar spine as those outlined for the cervical
spine.

The most common radiological emergencies
are related to malpositioning of surgical im-
plants. In such cases, poorly positioned
transpedicular fixation screws can injure the vas-
cular and neural structures adjacent to the verte-
bral pedicles or anterior to the vertebral bodies.
Injuries to the thoracic or abdominal aorta (Fig.
4.52), the intercostal arteries, the inferior vena
cava, the azygos vein, the thoracic spinal nerves
and the thecal sack may occur. With malposi-
tioning of translaminar surgical hooks, the most
commonly recognized complication involves the
compression of the adjacent neural structures to
include the spinal nerves and spinal cord.

Finally, dorsal epidural haematomas may be
encountered, especially following decompres-
sive laminectomies in patients with vertebral
neoplasia or in those having coagulation disor-
ders.

The lumbosacral spine

Anterior surgical procedures on the lum-
bosacral spine, carried out via the retroperi-
toneal or transperitoneal route are performed
for the removal of vertebral neoplasia, the treat-
ment of spinal column infections and for ante-
rior stabilization procedures in cases of spinal
trauma and degenerative disease.

Perhaps the most frequently encountered
clinical emergency is the formation of a
retroperitoneal haematoma that may result in
circulatory system shock. Other clinical emer-
gencies not infrequently involve injuries of the
regional soft tissues. In particular, trauma to the
large retroperitoneal vessels (e.g., common iliac
arteries, common iliac veins) may be seen (33,
35). Lesions of the ureter can also be observed,
as can perforations of the intestinal viscera and
urinary bladder (34, 36, 47). Surgical neurolog-
ical injuries and those linked to prosthetic mal-
positioning are identical to those mentioned for
the thoracic spine (49, 50).

With regard to complications linked to the
posterior surgical approach, the same observa-
tions made previously in the cervical and tho-

racic spine sections apply in the lumbosacral
spine concerning injuries of the lumbosacral
roots and those of the thecal sack (e.g., CSF fis-
tulae, pseudo-meningocele formation) (1, 29).
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Given the variety of potential types of
pathology and their varied clinical presenta-
tions, spinal emergencies are considered among
the most challenging of all neuroradiological
investigations. Spinal emergencies can be divid-
ed into traumatic and non-traumatic causes and
can involve the spinal column itself and its re-
lated bony, ligamentous and muscular tissues,
as well as the intraspinal contents to include the
meninges, spinal roots/nerves and spinal cord.

Non-traumatic spinal emergencies can origi-
nate from a vast number of causes. These non-
injury lesions of the spine are classified as be-
nign/malignant neoplastic (primary or metasta-
tic, including haematological malignancies) or
infectious-degenerative. Lesions of the spinal
contents may be extradural (e.g., haematoma,
infection), intradural-extramedullary (e.g., pri-
mary or secondary neoplasia) or intramedullary
(e.g., infarction, haemorrhage, demyelinating
plaque formation) in location. 

NEURORADIOLOGICAL PROTOCOLS

From a clinical point of view, the most im-
portant crisis whatever the cause is the presen-
tation of a patient with signs and symptoms
suggesting compression of the spinal cord and
the spinal nerve roots. In this case, the neuro-

radiologist’s role is to identify the cause of the
clinical presentation quickly so that decom-
pression of the compromised neurological tis-
sue can be undertaken in a timely manner: the
earlier the diagnosis, the greater is the proba-
bility of functional recovery following therapy.
For this purpose a number of imaging methods
can be used, depending upon the specific clini-
cal situation.

Conventional radiography is still considered
the first technique of choice in spinal emergen-
cies, despite the fact that it is not always con-
clusive, especially in the more complex cases of
spinal pathology. Considering its low cost, uni-
versal patient access and its rapidity and sim-
plicity of execution, conventional radiography
provides a general diagnostic evaluation, re-
vealing the majority of pathological spinal con-
ditions responsible for the compression of the
spinal cord and the nerve roots.

The subsequent diagnostic imaging modali-
ty chosen varies depending on the presence and
nature of the neurological signs and symptoms
indicating direct involvement of neural struc-
tures. In cases where neurological symptoms
are present, MRI is preferable to CT where it is
available (1, 3-5, 9-11). By combining multipla-
nar capabilities and high sensitivity to subtle
tissue abnormalities, MR provides a very thor-
ough analysis of the spinal column, its contents
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and the perivertebral soft tissues. In general,
MRI provides information non-invasively that
it currently unobtainable using other imaging
techniques.

Given its high sensitivity, MRI is capable of
visualizing bone marrow abnormalities earlier
than other imaging techniques. In addition to
limited access in some areas, there may also be
practical drawbacks to the use of MRI, espe-
cially in patients with acute vertebral collapse
and spinal cord compression. Life support de-
vices in such patients, for example, may pre-
clude the use of MRI. 

If MRI is unavailable or it is not technically
possible, CT can provide useful information re-
garding bony morphology, the central spinal
canal and the perispinal soft tissues (2, 4, 8).
However, CT provides little data concerning the
contents of the central spinal canal. Neverthe-
less, intervertebral disk herniations and verte-
bral compressions/burst fractures of traumatic
origin are well visualized (7). In such instances
the examination can be performed quickly,
without having to immobilize the patient. In ad-
dition, CT investigations can be extended to in-
clude other organs and regions in polytrauma
patients, providing results that are unquestion-
ably superior to and more informative in most
cases than those obtained with conventional ra-
diography. Of course, in order to avoid exces-
sive irradiation the CT examination should be
focused on limited levels of the spine by the pre-
liminary identification of problem areas by
means of x-ray or MRI, or on the basis of spe-
cific localizing clinical signs and symptoms. 

It is not always possible to clearly define the
location of the pathology responsible for the
clinical presentation. In such cases, MR is once
again the most reliable examination technique,

as it clearly defines the spinal pathology re-
sponsible for the neural compromise, analysing
at once the epidural space, the intradural-ex-
tramedullary space and the spinal cord (16). To
repeat, CT’s principal drawback in this regard
is its inability to visualize the intradural struc-
tures (7).

In conclusion, MRI currently represents an
indispensable instrument in spinal diagnosis. In
certain cases it enables a complete diagnostic
evaluation even when used alone. In other cas-
es it can be combined profitably with other
conventional neuroradiological techniques to
facilitate a definitive diagnosis.
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INTRODUCTION

The frequency of spinal trauma, which in
developed countries affects 70% of cases under
the age of 40, has gradually increased over the
last 50 years. Typical causes of spinal trauma in-
clude road traffic accidents (50%), sports ac-
tivities (25%), occupational accidents (20%)
and accidental falls (5%) (19).

Neurological injuries occur in 10-14% of
cases of spinal trauma; 85% of these cases pres-
ent at the time of the trauma, between 5-10%
originate shortly afterwards, and between 5-
10% become evident at a later time (9). Diag-
nostic and therapeutic advancements have in-
creased patient survival rates; however, little
can be done to reverse frank spinal cord injury.
Improvements in survival rates have led to a
parallel increase in the number of younger in-
valids. It is in part for this reason that preven-
tion, rapid diagnosis and proper patient man-
agement are of paramount importance in mini-
mizing neurological patient deficit (16).

Timely radiological diagnosis is fundamental
in the modern management of patients with
spinal trauma. Mastery of this includes a thor-
ough knowledge of the anatomy and biome-
chanics of the spine, an understanding of the
mechanism of the trauma, experience in the

correct execution of radiological examinations,
knowledge of the indications and limitations of
the individual imaging techniques under con-
sideration and a correct appreciation of the im-
portance of the correlation between the imag-
ing findings and the clinical signs and symp-
toms.

Practically speaking, the spinal column has
two functions: to facilitate stability and move-
ment, and to protect the spinal cord and spinal
nerves. Consequently, we have two separate yet
closely connected considerations when evaluat-
ing the patient with spinal trauma: the spinal
column itself and the underlying neural and
meningeal structures. At the level of the present
state of the art, medical imaging techniques
make it possible to glean information concern-
ing all components of the spine, including its
contents and the perivertebral tissues. Conven-
tional radiology, CT and MRI are the tech-
niques currently available, although the most
advanced techniques do not necessarily repre-
sent the best ones in every case (2, 12, 15).

Fundamental diagnostic information is pro-
vided by conventional x-rays which, when com-
plemented by conventional tomography, are the
best choice for evaluating acute trauma of the
spinal column itself. Radiographic analysis also
makes it possible to perform the examination in
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a number of projections without moving the pa-
tient. In addition, the entire spine as well as oth-
er body parts can be examined at the same time.
According to the literature, 43% of patients
with burst spinal fractures may have other
spinal injuries. Associated both distal and prox-
imal traumatic spinal lesions are present in 10-
17% of patients. For example, in patients with
cervical injuries, 12% also have thoracic frac-
tures and 3% reveal lumbar fractures.

With regard to conventional radiography,
particular attention should be paid to evaluat-
ing the following parameters in the patient with
spinal trauma:

Vertebral alignment abnormalities:
– reversal of normal spinal curvature
– abrupt increase in the spinal curvature
– alignment of the articular processes, lami-

nae, spinous processes, transverse processes
and vertebral bodies

– widening of the interspinous/interlaminar
spaces

Abnormalities of the perivertebral soft tissues:
– enlargement of the retropharyngeal and

retrotracheal spaces
– enlargement of the thoracic and lumbar

paraspinal spaces

Disk/Articular abnormalities:
– abnormalities of the intervertebral disk

space
– abnormalities of the posterior spinal articu-

lar facet processes (zygapophyses).

It is also necessary to evaluate spinal stabili-
ty in patients with spinal trauma. The term in-
stability in this context indicates a posttraumat-
ic state of intersegmental hypermobility that
may require surgical restabilization. In order to
properly discuss and study the spinal column
for possible instability, the spine has been di-
vided into three columns (6, 7): anterior col-
umn, middle column and posterior column.
Practically speaking, the involvement of a sin-
gle column does not necessarily entail instabili-
ty, however, the involvement of two adjacent
columns usually does.

Recent studies (5) have identified five radio-
logical signs of spinal instability associated with
spinal injuries. These five signs can be summa-
rized as follows:

1) anterior or posterior vertebral subluxa-
tion greater than 2 mm

2) enlargement in the interlaminar space of
more than 2 mm

3) enlargement in the joint space between
the articular facet processes; malalignment of
the same a loss of contact between contiguous
facets

4) fracture involving the posterior cortex of
the vertebral bodies

5) enlargement in the lateral dimension of
the central spinal canal of more than 2 mm as
measured by the interpedicular distance be-
tween adjacent vertebrae.

It is also essential to know the mechanism of
the trauma as well as the biomechanics of the
spine, which make it possible to identify the ar-
eas most at risk of injury. The highest risk areas
are those sites at which a greater degree of mo-
bility exists, such as the cervical and lumbar
spinal segments, or where a junction exists be-
tween a relatively mobile segment and one that
is less so or not at all (e.g., the cervico-thoracic
junction, the thoraco-lumbar junction, the lum-
bo-sacral junction).

On the basis of the dynamics of trauma, it is
possible to recognize injuries caused by: simple
flexion, flexion-distraction, flexion disloca-
tion, flexion and compression, simple exten-
sion, extension-distraction, extension-disloca-
tion, “shearing” forces, and rotation. Although
there is overlap between the various types,
each of these traumatic mechanisms may cause
a particular type of fracture. 

To summarize, when investigating traumatic
lesions of the spine one must: understand the
mechanism of the trauma; ensure that the pa-
tient is only moved once it has been determined
that it is possible to do so with safety by expert
personnel and preferably under medical guid-
ance; remember that patients with spine trauma
not infrequently have polytrauma and that neu-
rological injuries can conceal involvement of in-
ternal organs (e.g., the spleen); perform a pre-
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liminary medical imaging investigation that will
focus clinical attention to relevant areas and
survey the areas at highest risk; interrupt the di-
agnostic evaluation if a lesion requiring emer-
gency treatment is detected; demand that a spe-
cialist interpret the medical images and that a
radiologist be present when these examinations
are carried out.

TECHNIQUES

Although one must consider a technique’s
limits and advantages (18), only thorough in-
vestigations provide reliable diagnostic infor-
mation. Naturally the imaging modality chosen
and the parameters selected will vary according
to the type of injury and the imaging equipment
available.

The CT investigation technique initially in-
volves a lateral scanogram in the cervical, tho-
racic and lumbar areas in order to centre the
axial sections of the spine and an anteroposte-
rior scanogram in the thoracic spine in order to
number the vertebrae. Axial sections are then
angled to the direction of the intervertebral
disk. A second set of stacked axial images are
then obtained using relatively thin section
width and without space between the sections
(this will enable multiplanar reconstructions to
be performed). For the cervical spine it is ad-
visable to use a slice thickness of 2 mm, where-
as at the thoracic and lumbar levels it is possi-
ble to use slice thicknesses of up to 5 mm.
Thicker slices will not reveal fractures or other
types of injury due to the partial volume effect.
The use of thin (2 mm) slices makes it possible
to obtain more reliable electronic reconstruc-
tions on the coronal, lateral and oblique planes.
The acquisition field of view (FOV) must be
wide enough to cover the entire volume being
examined (e.g., cervical spine: 25 cm; cervi-
cothoracic: 35 or 50 cm; lumbar: 35 or 50 cm).
The data postprocessing FOV must be of 15 or
18 cm in order to be able to visualize the spinal
column as well as the perivertebral structures.
Larger postprocessing FOV’s are used for
studying the surrounding tissues (e.g., lung, liv-
er, kidney and spleen), especially when the clin-

ical situation or trauma dynamics suggest in-
juries of these organs.

The introduction of spiral and multislice CT
into clinical practice has considerably expand-
ed the diagnostic possibilities of CT. A major
advantage of this technique is the ability of ac-
quiring volume data rapidly, enabling subse-
quent processing in multiple planes.

As a result, motion artefacts are reduced and
one can obtain reconstructed images of excel-
lent quality. These advantages make spiral CT
particularly well suited to studying acute trau-
ma patients (17). 

Conventional radiography, as compared to
CT, has a sensitivity of 60%, a specificity of
100% and positive and negative predictive val-
ues of 100% and 85%, respectively (13). Spiral
CT on the other hand has a sensitivity of 90%,
a 100% specificity and positive and negative
predictive values of 100% and 95%, respec-
tively (1, 11).

The spinal segment most at risk of injury in
trauma patients is C1-2. A spiral CT of this
spinal segment is preferably performed at the
same time as the cranial CT (4, 20). Another
high risk level is the cervico-thoracic junction,
one that is often inadequately visualized with
conventional x-rays (22). The CT screening of
this level is also considered valid from an eco-
nomic point of view (21). Overall, high resolu-
tion spiral CT examinations offer a detailed
analysis of the spine, generating information
that sometimes is of decisive importance in
treatment planning (8, 10, 11).

An optimized spiral CT technique of the
cervical spine includes: for routine imaging, a
slice thickness of 3 mm (pitch 1) is used with
section reconstructions acquired at 1.5 mm
intervals; for higher resolution imaging, a
slice thickness of 1 mm with 1.5 mm intervals
(pitch 1.5) is recommended with section re-
constructions acquired at 0.75 mm intervals.
At the thoracic and/or lumbar levels the spi-
ral technique suggested is: for routine imag-
ing, a slice thickness of 5 mm with 5 mm in-
tervals (pitch 1), with reconstructions ac-
quired at 2.5 mm intervals; for more detailed
examinations, the same protocol is used as for
the cervical spine.
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However, CT principally focuses upon the
bony structures. Obviously, the spinal cord is
generally poorly visualized. When studying the
CT images, the data must always be viewed
with windows suited to both bony structures as
well as the soft tissues. The investigation must
be complemented by electronic reconstructions
in the sagittal, coronal and oblique planes. If
possible, three-dimensional reconstructions are
also performed. 

INDICATIONS

Correct diagnostic medical imaging of the
patient with spinal trauma demands that the
spine be examined in the sagittal and coronal
planes. Axial imaging alone is inadequate. It
should also be pointed out that the clinical sta-
tus of spine trauma patients varies greatly as do
the clinical and diagnostic priorities. Four dif-
ferent clinical situations can be encountered:
severe polytrauma patient in a coma, patient
with spinal cord damage not in a coma, patient
with radicular signs/symptoms, and patient
without neurological deficits but with clinical
suspicion of spine damage.

1) Severe polytrauma patient in a coma
In this case, and until proven otherwise, the

patient must be considered to have spine injury.
The cranial trauma and the state of coma re-
quire CT scanogram(s) extending from the top
of the skull through the cervical spine in the 
lateral projection. With certain types of CT
equipment, it is possible to obtain oblique 
projection scanograms. The current state of
scanography only permits the determination of
gross vertebral alignment alterations in the
frontal, lateral and oblique projections; in the
latter projection it is sometimes possible to see
dislocations of the posterior spinal facet joints.
The scanogram can also be used to evaluate the
thoracolumbar spine, analysing the same in-
juries as in the cervical spine.

Therefore, while at the current time the
scanogram does not replace conventional radi-
ography, it nevertheless can constitute the ini-
tial examination in the spine trauma patient. 

2) Patient with spinal cord injury not in a coma
In this case the CT should be performed in

patients when it is essential for emergency sur-
gical planning and in patients where MRI is not
possible. Importantly, the CT examination
makes it possible to discover if traumatic bony
encroachment into the central spinal canal is
present (7).

3) Patient without neurological deficit
CT should be performed in spinal areas

where conventional x-rays are inconclusive or
in order to better define the extent of an injury
detected using x-rays.

4) Patient with radicular symptoms
The CT examination should focus on the

spinal level indicated by the clinical examina-
tion in order to search for a traumatic abnor-
mality giving rise to radicular compression
(e.g., traumatic disk herniation, bony fracture
fragment, vertebral subluxation). 

SEMEIOTICS

CT provides an excellent analysis of the
bony spinal structures. However, while frac-
tures along the coronal and sagittal planes are
well visualized, fractures in the axial plane are
poorly identified. Dislocations in the axial
plane can also be difficult to determine from
the axial images. Nevertheless, multiplanar re-
constructions when of high resolution quality
can visualize these abnormalities in the axial
plane, and lessens this limitation of CT. Finally,
posttraumatic swelling of the paravertebral soft
tissues is well seen on CT examinations. 

Radiography and CT

For descriptive purposes, vertebral column
trauma can be divided into: trauma of the prox-
imal cervical spine (from the occipital condyles
to C2) (case nos. 1, 2, 3, respectively, Figs. 5.1,
5.2, 5.3); trauma of the mid-distal cervical spine
(from C3 to C7) (case nos. 3, 4, 5, respectively,
Figs. 5.3, 5.4, 5.5); trauma of the thoracolum-
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bar spine (case nos. 6 and 7, respectively, Figs.
5.6, 5.7).

Proximal (craniad) cervical trauma

Fractures of the occipital condyle are rare
and are typically caused by vertical compres-
sion; they are examined very well with thin
slice CT; atlanto-occipital dislocation is usually

fatal and therefore rarely observed on radiog-
raphy. In non-fatal cases, lateral projection x-
rays show marked thickening of the periverte-
bral soft tissues associated with atlanto-occip-
ital dislocation. 

C1 fractures can involve the anterior or pos-
terior arch, and because C1 constitutes a bony
ring, they are almost always seen in combina-
tion. The mechanisms of trauma are essentially
hyperextension (i.e., whiplash) or vertical com-
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Fig. 5.1 - Acute cervical spine trauma. a), b) Axial CT of the cervical region includes the distance extending from the entire thickness
of the skull base to at least the bottom of C2, scanned with 2mm thickness or less slices. c), d) Contiguous axial sections show a com-
minuted fracture of the anterior arch of the C1 with associated involvement of a lateral mass. The posterior arch of C1 is intact.
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pression. Each of these causes a different type
of fracture: hyperextension trauma results in a
fracture of the posterior arch of C1, compres-
sion trauma causes a fracture of both the ante-
rior and posterior arches of C1. Posterior arch

fractures are clearly visible on both x-rays and
CT images.

Fractures of the anterior and posterior arch
of C1, or Jefferson’s fractures, also result in the
dislocation of the articular facets of C1 in rela-
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Fig. 5.1 - (Cont.) e) A reconstructed sagittal section demon-
strates the relationship between the anterior arch of the C1 and
the odontoid process. f1), f2) Reconstructed coronal sections
show the normal relationship between the occipital condyles
(f2) and the lateral masses of C2 (f1); there is no lateral disloca-
tion of the lateral articular masses of C2.

Fig. 5.2 - Acute cervical hyperextension trauma. a) Lateral x-
ray of the cervical spine shows a hangman fracture associated
with anterior subluxation of C2 and bilateral fractures of the
posterior arch of C1. b) Lateral scanogram and c) d) axial CT
confirms the x-ray findings of the C1 and C2 fractures.
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Fig. 5.2 (cont.) - c), d) oblique scanograms highlight the distal por-
tion of the cervical spine at the cervicothoracic junction. e), f)
Axial CT is performed initially with no angulation utilising 4 mm
thick slices covering the entire cervical spine; this is then followed
by a second set of axial CT scans utilising thinner slices (2 mm or
less) extending from C1 to C3, angled generally to the cross-sec-
tional plane of the longitudinal axis of the cervical spine. g) 2 mm-
thick axial CT scans demonstrate the C1 and C2 fractures.
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tion to those of C2. This alteration is clearly vis-
ible on the open mouth anteroposterior projec-
tion radiograph that is principally used for
studying the odontoid process. This projection
also makes it possible to measure the degree of
lateral dislocation of the articular facets which,
if greater than 7 mm, suggests a rupture of the
transverse atlantal ligament. Axial CT makes it
possible to visualize the fractures, however the
examination must be performed using thin
contiguous slices complemented by reconstruc-

tions in the sagittal and coronal planes in order
to show the subluxation of the articular facet
processes.
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Fig. 5.2 (cont.) - h), i) Sagittal reconstructions of the 4 m (h) and
the 2 mm (i) thick slides. Note the relative difference in spatial
definition. j) A three-dimensional reconstruction clearly shows
the bilateral fractures of the posterior arch of C1 and confirms
the integrity of the anterior arch.

Fig. 5.3 - Acute cervical spine trauma. a) Lateral x-ray of the
cervical spine shows a fracture of the anterior-inferior corner of
C3 associated with a very minor retrolisthesis of C3 on C4.
There is also a malalignment of the body of C2 with relation-
ship to C1. b) Lateral CT scanogram proscribed to acquire ax-
ial images extending from C1 to C4.
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Dislocations between C1 and C2 in the sagit-
tal plane are rare because the transverse liga-
ment is both strong and resilient. However, ro-
tary subluxations between C1 and C2 associat-
ed with injuries of the articular capsule in the
face of an intact transverse ligament may be en-
countered. Such rotary dislocations result in a
traumatic-acquired form of torticollis. CT
makes it possible to clearly identify the degree
of rotation between C1 and C2.

C1 fractures are often associated with C2
fractures and these in turn are seen in combina-
tion with fractures of the C7 spinous process.
C2 fractures can involve the posterior arch, the
odontoid process and the vertebral body. Frac-
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Fig. 5.3 (cont.) - c) Axial CT showing a comminuted fracture of
the right occipital condyle, d) rotation of the odontoid process
with relationship to C1 and e) a comminuted fracture of C2 at
the base of the odontoid process. f) Coronal CT reconstruction
poorly demonstrates the fracture at the base of the odontoid
process. g) Sagittal CT reconstructions show the fracture at the
odontoid base of C2 and the posterior dislocation of the C3
vertebral body on that of C4.
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Fig. 5.4 - Acute cervical spine trauma. a) Lateral cervical CT
scanogram suggests the presence of rotation-subluxation in the
mid cervical spine. b) Right anterior-oblique scanogram show-
ing the malalignment of the posterior aspect of the C6-7 verte-
brae (arrows). c) Left anterior-oblique scanogram shows nor-
mal alignment of the bony structures. d) Lateral x-ray confirms
the finding of rotation of the distal cervical spine and shows the
presence of a fracture of the anterior-superior corner of C7 and
retrolisthesis of C6 on C7.

a

c

d

b



5.2 CT IN SPINAL TRAUMA EMERGENCIES 309

Fig. 5.4 (cont.) - e) Anterior-posterior x-ray shows an abrupt
deviation of the spinous processes of C6 and higher to the right
in relationship to the spinous processes of C7 and below. f), g)
High resolution axial CT of the cervico-occipital shows a de-
viation to the right of the C2 spinous process in the absence of
a fracture. h) A digital summation of the C1 and C2 images (f
+ g = h) show a degree of atlanto-axial rotation, which ne-
vertheless may within physiological limits. i) Fracture of the ri-
ght C6 lamina and the right posterior articular spinal facet pro-
cesses of C6-7.
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tures of the body, caused by various types of
traumatic forces, are classified as three different
types, depending upon the site of the injury. C2
fractures are associated with neurological in-
juries in 20% of cases (2, 3). 

Hyperextension C2 fractures, or hangman’s
fractures, affect the pedicles bilaterally either
symmetrically or asymmetrically and can be as-
sociated with fractures of the inferior-anterior
corner of the vertebral body itself; there is often
a related subluxation of C2 on C3. Radiography
in such cases will clearly demonstrate these

fracture-dislocations. CT must be performed
using thin slices, extending from the foramen
magnum through C4 and must be comple-
mented by reconstructions in the sagittal and
coronal planes. CT is necessary when the pa-
tient feels pain in the upper neck, when cervi-
cal spine x-rays are negative or when radiogra-
phy shows thickening of the perivertebral soft
tissues.

Limitations of CT include the often poor vi-
sualization of linear fractures that develop
along the axial plane of section. In this case it is
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Fig. 5.4 (cont.) - j), k), l) Coronal reconstructions showing a
fracture of C7 (j), fractures of the lateral masses (k) and lateral
displacement of the spinous process of C6 (l). m), n), o), p) Sa-
gittal reconstructions: the reconstruction on the left side (m)
demonstrates comminuted fractures of the posterior articular
spinal facet processes; the reconstruction on the right side (p)
shows normal relationships of the posterior articular spinal fa-
cet processes; n-o) adjacent parasagittal reconstructions show
the fracture of the body of C7 and the greater intersegmental
rotational subluxation to the right of midline (n).
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Fig. 5.5 - Acute cervical spine trauma. a) Lateral radiograph
conducted shows anterior subluxation of C5 on C6, an increase
in the interlaminar distance and dislocation of the posterior ar-
ticular facets. b) Anteroposterior radiograph shows deviation
of the spinous process of C5 to the right indicating a probable
rotational dislocation. c, d) Right-oblique projection radi-
ographs confirms the anterior dislocation of the articular facets
associated with probable fracture of the pedicle of C5. d) Left-
oblique projection radiograph shows a similar finding, but with
a smaller displacement than that of the contralateral side. Note
the malalignment of the contralateral vertebral pedicles.
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Fig. 5.5 (cont.) - e) Lateral CT scanogram . f) Axial CT shows
asymmetric dislocation of the body of C5 with relationship to
C6. g) Axial CT shows a fracture of the right pedicle of C5. h)
Image summation technique including the bodies of C5 and C6
showing the C5-6 anterior subluxation. i) Oblique-sagittal re-
construction method from preceding axial image set.
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essential to supplement the examination with
high resolution multiplanar reconstructions
and with conventional tomography.

Mid-distal (caudal) cervical spine trauma

Cervical spine trauma associated with minor
spinal fractures does not in general result in

neural tissue injury, with the exception of cases
in which there is underlying congenital-ac-
quired stenosis of the central spinal canal.

In adults the mid-distal cervical region is the
level of the spine that is most frequently affect-
ed in cases of trauma. This is especially com-
mon at the C5-C7 level (81% according to
Berquist) (2, 3). Distal cervical spine traumatic
injuries are categorized according to the mech-
anism of the trauma: hyperflexion, hyperexten-
sion and axial compression. 

Hyperflexion trauma: the forces that obtain
in hyperflexion involve a distraction of the pos-
terior ligamentous structures and a compres-
sion of the anterior structures. Posterior dis-
traction injuries can alter the spine’s stability
even in the absence of visible bony fractures. In
such cases the spine radiographs only reveal an
increase in the interlaminar and interspinous
spaces at one or more levels. This type of injury
may be associated with fractures of the articu-
lar facets. These facet process fractures can be
well documented in oblique radiographic pro-
jections or lateral conventional tomographic
examinations. The combination of such frac-
tures with posterior ligamentous injury results
in spinal instability.

X-rays are therefore fundamental to this di-
agnosis, although CT can add important sup-
plemental information, especially when there
are diagnostic doubts. As elsewhere in the
spine, CT should always be performed using
thin sections, complemented with reconstruc-
tions in the sagittal, coronal and oblique planes.

In hyperflexion trauma, fractures of the up-
per-superior corner of the involved vertebra are
often observed. Should the flexion forces ob-
tain with the neck in rotation, it can be possible
to have the same or similar fracture injury, but
there may be an asymmetric subluxation. Or-
thogonal x-ray studies must therefore be sup-
plemented with oblique projections.

Another type of flexion fracture that may af-
fect the cervical spine is the so-called “teardrop
fracture” in which all three columns of the
spine are involved in a characteristic triangular
fracture of the vertebral body often associated
with stenosis of the central spinal canal due to
retropulsion of fracture fragments. This type of

5.2 CT IN SPINAL TRAUMA EMERGENCIES 313

Fig. 5.5 (cont.) - j), k) Parasagittal right and left reconstructions
that show the asymmetric dislocation of posterior articular spi-
nal facets. 
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Fig. 5.6 - Acute thoracic spine compression trauma. a) Lateral
radiograph of the thoracolumbar junction shows compression
of T12 with poor definition of the T11-12 disc space. b) An-
teroposterior radiograph showing an increase in the interpedic-
ular distance of T12 as compared to the vertebrae above and
below; this indicates the presence of a burst fracture of T12. c)
Lateral CT scanogram confirms the fracture of T12 and shows
the anterior wedging of T8. . 
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Fig. 5.6 (cont.) - d) Lateral scanogram annotating 5mm and e)
lateral scanogram annotating 2 mm (e) slices. f), g) Sagittal mid-
line (f) and paramedian (g) reconstructions using the 5mm axial
sections show a reduction in the sagittal dimension of the cen-
tral spinal canal caused by retropulsed bony fragments. h) Co-
ronal reconstructions again show the vertebral burst fracture
and the left lateral subluxation of the spine.
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fracture should be differentiated from burst
fractures that may be stable. CT enables the dif-
ferentiation between these two types of fracture
by showing the characteristic involvement of
the three pillars in teardrop fractures.

Spinal cord injury in hyperflexion fractures
is common when there is a vertebral dislocation
associated with a subluxation of the posterior
articular facets bilaterally, and in cases of tear-
drop fractures. Cervical spinal nerve injuries
are more commonly observed in unilateral frac-
ture-dislocations.

Hyperextension trauma tends to injure the
posterior spinal elements in a compressive
manner, whereas the anterior elements are af-
fected by distraction with avulsion of a frag-
ment of the inferior-anterior corner of a verte-
bral body associated with rupture of the anteri-
or longitudinal ligament. This traumatic mech-
anism can also result in vertebral subluxation
which in turn is often linked with spinal cord
injury. Unlike hyperflexion injuries, hyperex-
tension trauma can be associated with fractures
of the posterior bony elements of the spine.

Generally speaking, fracture-dislocations are
unstable. A precise diagnosis of posttraumatic
spinal instability is important for surgical plan-
ning (14). Extension and rotation forces can in-
jure both an articular mass as well as a lamina.
This injury, which is difficult to document us-
ing conventional radiography, is clearly visual-
ized on CT. CT also makes it possible to deter-
mine if any bone fragments have been dis-
placed into the neural foramina.

Axial compression trauma of a severe degree
results in burst fractures of the vertebral body.
Fractures of the pedicles may also be seen. CT
is excellent for demonstrating retropulsion of
bony fragments into the central spinal canal.
Generally speaking, neurological injury is caused
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Fig. 5.6 (cont.) - i), j), k) Multiplanar reconstructions using the
2mm axial sections. The increase in spatial definition facilitates
the demonstration of both the traumatic findings of the ante-
rior spinal bony structures as well as the injury to the posterior
bony elements and their three dimensional relationships.
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Fig. 5.7 - Acute lumbar hyperflexion trauma. a) Lateral CT
scanogram shows a wedge fracture of L1. b, c) Axial CT sec-
tions demonstrating a comminuted fracture of L1 and some
retropulsion of bony fragments into the central spinal canal in-
dicating a burst fracture. (1: anterior column; 2: middle col-
umn; 3 posterior column) d, e) Sagittal reconstructions show
the posteriorly displaced fragment (e).
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by this posterior displacement of bone with di-
rect trauma to the spinal nerves/roots and
spinal cord.

CT may also prove essential in differentiat-
ing between certain types of fractures, for ex-
ample in distinguishing between teardrop and
burst fractures. CT must be performed using
thin slices, examining the vertebrae above and
below the focus of the trauma. It is of vital im-
portance to supplement the examination with
image reconstructions in the sagittal and coro-
nal planes in order to better demonstrate the
three dimensional relationships of the spinal
trauma.

Trauma of the thoracic and lumbar segments
of the spinal column

Most thoracolumbar spinal trauma (3, 5) oc-
curs at and near the thoraco-lumbar junction,
between T12 and L2. In this area there is an
anatomical change in the orientation of the pos-
terior articular spinal facet joints and a transi-
tion from a relatively hypomobile spinal seg-
ment to one with greater mobility.

The mechanisms of trauma are the same as
those described for the cervical spine, although
the majority of thoracolumbar injuries occur in
hyperflexion.
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Fig. 5.7 (cont.) - f) Three-dimensional (3-D) CT sagittal plane sectional reconstruction in the sagittal plane shows a relative increase in
the density of the vertebral marrow in three adjacent vertebrae (darker vertebral body shading), indicating that there is marrow com-
pression and concentration of bony trabeculae. g) 3-D CT reconstruction demonstrating a superficial overview of the vertebral trauma.
h), i) 3-D CT reconstruction of L1 shows the posterior vertebral body fracture, the central spinal canal stenosis and the widening of the
posterior spinal facet joint articular space on the left side (arrows).
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Flexion trauma entails a compression of the
anterior structures and a distraction of the pos-
terior spinal-perispinal tissues. Anterior com-
pression results in wedge-shaped compression
fractures of the vertebral body, burst fractures,
fracture-dislocations and distraction-fractures,
depending in part upon the forces applied. Dis-
traction-fractures may affect the articular facet
processes or laminae.

Anteroposterior and lateral x-rays make it
possible to identify the vertebral compression
as well as burst fractures. In some cases, the
relevant alterations can be quite minor, such
as a slight curve of the anterior margin of the
vertebral body or condensation of the bony
trabeculae. Multiple, adjacent compression
fractures are common. In compression frac-
tures, a loss of structural integrity of the pos-
terior vertebral cortical surface can be sus-
pected when the anterior height of the verte-
bral body is reduced by more than one-half
that of the rear.

CT demonstrates the posterior retropulsion
of bony fragments in cases of burst fractures,
the dimensions of the central spinal canal and
neural foramina, and documents fractures of
the posterior bony elements.

Fractures caused by flexion forces can result
in intersegmental subluxation, especially at the
thoraco-lumbar junction. When there is an in-
volvement of the posterior and middle columns
at the lumbar level, the fracture-dislocation is
unstable. However, such instability is only
rarely observed in the thoracic spine due to the
strong paravertebral muscles, the connected
ribs and the orientation of the posterior spinal
facet joints.

Vertical compression trauma resulting in
burst fractures is most commonly observed at
the thoraco-lumbar junction. Using conven-
tional x-rays it is possible to show the compres-
sion and fragmentation of the vertebral body,
including disruptions of the posterior vertebral
cortical margin. However, CT shows the in-
volvement of the posterior vertebral cortex bet-
ter than conventional x-rays and makes it pos-
sible to visualize any migration of fragments in-
to the central spinal canal. CT also makes it
possible to highlight fractures of the posterior

bony spinal elements that can indicate spinal
instability.

Single burst fractures of vertebral bodies are
associated with fractures at other levels that
may or may not be contiguous in up to 43% of
cases. An imaging survey of the entire spinal
column is therefore imperative once a burst
fracture is identified.

Hyperextension trauma is not commonly en-
countered in the thoracolumbar spine. When
this is the mechanism of the trauma, isolated
fractures of the spinous and transverse process-
es may be encountered. In the lumbar spine the
latter can be associated with renal trauma.

In cases of torsion trauma CT reveals even
small fractures of the articular facet processes,
on the condition that thin contiguous sections
are used.

CONCLUSIONS

In cases of spinal trauma, CT provides addi-
tional information to that obtained by conven-
tional x-rays, thus permitting a more sensitive
examination of the bony structures of the
spinal column. Nevertheless, CT investigations
are only carried out after x-rays have shown or
suggested an injury. Contiguous, thin, stacked
CT sections must be acquired in order to ob-
tain optimal sagittal, coronal and oblique plane
reconstructions. CT also reveals traumatic le-
sions of the adjacent soft tissue structures, how-
ever these abnormalities are typically gross;
subtle injuries will be overlooked on CT.
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INTRODUCTION

Spinal trauma is a frequent cause of perma-
nent disability which can often be severe. The
social and financial costs involved in treatment
and rehabilitation are substantial, especially
when one considers the young age of many of
those affected. The typical causes of such spinal
trauma include motor vehicle accidents, falls,
acts of violence and sports.

Spine traumas warrant early diagnosis in or-
der to prevent or restrict spinal marrow dam-
age. Conventional radiography, computed to-
mography and magnetic resonance imaging are
all useful diagnostic instruments and are often
complementary in trauma emergencies.

Conventional x-rays, which generally consti-
tute the initial diagnostic modality utilized, may
show the presence of vertebral fractures and/or
subluxations, thereby identifying specific levels
of abnormality allowing a more focused subse-
quent analysis. CT enables a particularly de-
tailed evaluation of the bony structures under
examination. MRI, however, plays a fundamen-
tal diagnostic role as it is the only investigation
that is able to detect spinal cord injury and pro-
vide information on the osteoarticular struc-
tures, while covering large spinal segments or
even the entire spine. One restriction of MRI,

in addition to the usual contraindications (e.g.,
metal clips, pacemakers, etc.), are life support
and vital function monitoring devices used in
trauma patients.

PATHOGENESIS

Osteoarticular trauma

The occurrence of vertebral trauma derives
from the sum of both internal and external fac-
tors. On the one hand, traumatic forces are ap-
plied, and on the other there is resistance to
these forces by the bony, muscular and ligamen-
tous tissues of the spinal column. Internal vari-
ables include the individual’s anatomy, the pres-
ence of underlying pathology that reduces os-
teoarticular resistance to trauma (e.g., osteo-
porosis, spondyloarthrosis, malformations, etc.)
and the relative stance of the vertebral column
at the moment of the trauma.

The frequency of vertebral trauma varies
considerably depending upon the segment of
the spine in question, this in turn being de-
pendent in part on the biomechanical charac-
teristics of that level. The more mobile seg-
ments of the spine (lumbar, cervical) are more
frequently the sites of trauma, especially in the
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transition levels between spinal segments with
differing mobility (e.g., thoraco-lumbar, cervi-
co-thoracic, and cranio-cervical junctions). The
thoracic spine is affected to a lesser degree, be-
ing more rigid and supported by the rib cage
(2, 11).

Once the above factors have been taken into
account, the type of vertebral trauma depends
principally on the manner in which the trau-
matic force is applied (11, 37). On the basis of
the vectors of the traumatic force, four main
mechanisms of trauma can be recognized,
which are usually seen in combination: com-
pression, flexion, extension, rotation. Spinal
column trauma can then affect any or all of the
bony, articular, ligamentous and muscular tis-
sues of the spine.

On an anatomical and pathological basis,
vertebral fractures can be categorised as fol-
lows (11, 37):

Fractures of the upper (craniad) cervical spine:
– fracture of the posterior arch of C1, often

along the sulcus of the vertebral artery
– fractures of the anterior and posterior arch-

es of C1 (i.e., Jefferson’s fracture)
– fracture of the odontoid process
– bilateral fractures of the pedicles of C2 (i.e.,

hangman fracture)

Fractures of the lower (caudal) cervical spine:
– anterior compression fractures
– fractures of the posterior bony elements
– burst fractures

Fractures of the thoracic and lumbar spinal 
segments:
– anterior compression fractures
– fractures of the posterior bony elements
– burst fractures

These bony fractures can also be associated
with trauma to the spinal and perispinal soft tis-
sues (e.g., spinal ligaments, articular capsules of
the posterior spinal facet joints, intervertebral
disks, intrinsic spinal muscles). Spinal liga-
ments can be subject to rupture, avulsions or
stretching. The intervertebral disks can rup-
ture, resulting in protrusions, herniations and

extrusions with disk fragment migration, the
posterior spinal facet joints can rupture their
capsules and the intrinsic spinal muscles can
undergo rupture or avulsion.

Intersegmental subluxation can be ob-
served with only very minor underlying bony
injury and in some cases without bony trauma.
The most common mechanism of such dislo-
cations is “whiplash”, consisting of two parts:
rapid hyperextension followed by rapid hy-
perflexion. Types of subluxation include at-
lanto-axial rotary dislocation, anterior/poste-
rior/lateral spondylolisthesis, and complete
vertebral dislocation. 

Trauma of the central spinal canal contents

Posttraumatic lesions of the contents of the
central spinal canal can affect the spinal cord,
spinal nerves/roots, thecal sac and epi- in-
tradural arteries and veins. Spinal cord injuries
represent the most severe form of spinal trau-
ma. Cord damage may be from direct or sec-
ondary effects of the trauma (16). Direct trau-
matic lesions are derived from the sudden im-
pact of the bone or protruded/extruded inter-
vertebral disk material against the spinal cord.
In the acute phase, secondary effects such as
oedema, lympho-granulocytic infiltration, is-
chaemic alterations, formation and accumula-
tion of free radicals, extracellular calcium,
amino acids, arachidonic acid derivatives will
have damaging effects upon the underlying
cord tissue (17, 19, 23, 25, 34).

Within the first minutes following the trau-
matic incident it is possible to observe dramat-
ic neuronal alterations and even frank necrosis
of neural tissue, and micro- macrohaemor-
rhages. Although rare, gross haematomyelia
may develop (21).

Posttraumatic repair processes include the
reabsorption of necrotic tissue and haemoglo-
bin breakdown products, reactive gliosis and
residual cavity formation, processes that can
take 2-3 years or more (13). Terminal events
typically are spinal cord atrophy and cystic
myelomalacia (12), a type of focal cavity that
can evolve into extensive syringomyelia for-

322 V. SPINAL EMERGENCIES



mation (5, 13). In the case of particularly ex-
tensive trauma, intramedullary gliosis and ex-
tramedullary fibrous scarring may develop,
with the formation of subarachnoid adhe-
sions (13).

In addition, the spinal nerves and roots can
become traumatized. The most common occur-
rence is radicular compression, which may re-
sult from bone or intervertebral disk material.
Radicular avulsions are usually caused by the
violent hyperextension of a limb. Most avul-
sions involve the cervical nerve roots, usually as
a consequence of the forced adduction of the
shoulder and arm in motorcycle accidents (2,
18). Pseudo-meningocele formation is associat-
ed with such avulsions as the meninges are torn
together with the neural tissue. 

Finally, epidural haematomas result from the
traumatic rupture of the epidural venous plexi.
Because the spinal dura mater is not firmly ad-
herent to the vertebral surface, extensive
haematomas traversing multiple levels can de-
velop.

SEMEIOTICS

MR investigations in cases of spinal trauma
begin with the acquisition of sagittal images
that yield an overview with which to select and
orient subsequent axial imaging sequences fo-
cused on the areas of abnormality. A coronal
plane study may also prove to be useful.

A combination of sequences must then be
acquired directed toward critically examining
all of the spinal tissues. These include the ac-
quisition of sagittal T1-weighted spin-echo
(SE) images that provide accurate anatomical-
morphological information. This acquisition is
followed by T2-weighted fast spin echo (FSE)
sequences providing good detail and MR signal
characteristics of the spinal cord and nerve
roots (14, 20, 27, 31, 33). One limitation of T2-
FSE sequences is the relative absence of fatty
tissue suppression with persistence of the
bright bone marrow fat signal, which can con-
ceal the presence of oedema. This limitation
can be overcome by using fat signal suppres-
sion techniques (35). Finally, it is imperative to

acquire T2*-weighted gradient recalled echo
(GRE) images that are sensitive to the effects of
magnetic susceptibility and which thereby re-
veal the presence of certain haemorrhagic
products (3, 13, 31). Specifically the GRE se-
quences are sensitive to small areas of acute
haemorrhage (e.g., deoxyhaemoglobin), and in
the chronic phase in detecting haemosiderin.

Imaging of the container 
of the central spinal canal

To some degree, MRI makes it possible to 
visualize gross bony fractures, disk hernia-
tions/extrusions, intersegmental subluxation
and certain ligamentous injuries (Figs. 5.8, 5.9).
However, subtle fractures, especially those that
are not distracted and those of the posterior
bony elements of the spine, are poorly seen on
MRI (3, 4, 13, 24, 32) (Fig. 5.10). Thin fracture
lines are better visualized with T2/T2*- weight-
ed sequences (Fig. 5.11). In addition, the de-
tection of small bony fragments has also been
partly overcome by the use of T2*-weighted
GRE sequences.

It should be pointed out that MRI is unique
in its ability to identify compression fractures of
the vertebral bodies without gross evidence of
fracture on conventional radiography. In such
cases, the detection of MRI signal hyperintensi-
ty on T2-weighted images and consonant hy-
pointensity on T1-weighted sequences indi-
cates oedema of the marrow and microfractures
of the trabecular structure of the vertebrae
(Fig. 5.12).

One frequently encountered problem is that
of the differentiation between benign posttrau-
matic fractures and pathological fractures re-
sulting from underlying metastatic neoplastic
disease. Unfortunately, it must be stated that
there are no absolute differential diagnostic cri-
teria that unquestionably confirm metastatic
neoplasia on a first imaging study in an individ-
ual patient. Sequential follow-up imaging stud-
ies may be the only recourse in such cases.

Posttraumatic herniations are similar or
identical to non-traumatic forms (Fig. 5.13). In
fact it is usually impossible to distinguish the

5.3 MRI IN EMERGENCY SPINAL TRAUMA CASES 323



posttraumatic degenerative disk herniations.
Generally speaking, the presence of other asso-
ciated posttraumatic injuries at the same level
suggests the diagnosis of traumatic disk hernia-
tion (7, 13, 15).

Ligamentous trauma can be detected direct-
ly or indirectly on medical imaging studies.
However, while MRI is capable of visualizing
the spinal ligaments, it may not be able to dif-
ferentiate between ruptured ligaments and ad-
jacent tissue injury, all of which may be hy-
pointense.

Serious vertebral trauma demands an eval-
uation of the stability of the spine. This type
of assessment is aimed at recognizing those
conditions that may require surgical stabiliza-
tion in order to prevent secondary damage to
the neural structures. Of the various methods
employed to evaluate spinal stability, the sim-
plest is that of Denis which identifies three
functional columns of the spine (9, 10): the an-
terior column (the anterior longitudinal liga-
ment and the anterior 2/3 of the vertebral
body); the middle column (the posterior 1/3
of the vertebral body and the posterior longi-
tudinal ligament); and the posterior column
(the bony and ligamentous structures behind
the posterior longitudinal ligament). Accord-
ing to this model, vertebral instability occurs
with the loss of integrity of at least two con-
tiguous columns.

A more recent method identifies five sepa-
rate signs of spinal instability (6): intersegmen-
tal vertebral subluxation of more than 2mm;
increase in the interlaminar space of more than
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Fig. 5.8 - Acute thoracic spine trauma. The MRI images show a
burst fracture of the T12 vertebral body, with posterior dis-
placement of bony fragments into the central spinal canal and
resulting stenosis. There are no visible signal alterations of the
spinal cord. [a) Sagittal T1-weighted MRI; b, sagittal T2-
weighted MRI; c) axial T2-weighted MRI].

a

b

c



2 mm in relation to the adjacent levels; widen-
ing of the joint space of one or more posterior
spinal facet joints; interruption of the posterior
cortical margin of a vertebral body; and in-
crease in the interpedicular distance of more
than 2 mm between adjacent vertebrae.
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Fig. 5.9 - Acute lumbar spine trauma. The MRI reveals an L2
burst fracture with posterior displacement of the upper portion
of the vertebral body into the central spinal canal and conse-
quent canal stenosis. [a) sagittal T1-weighted MRI; b) sagittal
T2-weighted MRI].

Fig. 5.10 - Acute lumbar spine trauma. The MRI images show
a burst fracture of the L1 vertebral body with anterior epidur-
al tissue within the central spinal canal. The vertebral bone
marrow of L1 is hypointense on T1-weighted acquisitions and
hyperintense on T2-weighted images indicating posttraumatic
oedema/haemorrhage. The axial MRI T1-weighted image
shows compression of the thecal sac by indeterminate tissue.
The supplemental CT examination better demonstrates an in-
terruption of the bony cortex of the right posterolateral surface
of the L1 vertebral body and better characterises the bone frag-
ment that is displaced into the central spinal canal. [a, d) sagit-
tal T1-weighted MRI; b, c) sagittal, coronal T2-weighted MRI;
e) axial CT].

a

b
b

a



Imaging of the spinal cord

Unquestionably, MRI is the imaging exami-
nation technique of choice in the evaluation of
spinal cord injury (1, 2). In the acute phase, this
facilitates the identification of those conditions
that may benefit from emergency surgical treat-
ment, while also enabling an immediate prog-
nostic judgement to be made. MR examina-
tions should aim in particular to detect oedema,

contusions, intramedullary haemorrhage, and
spinal cord transection, in addition to deter-
mining if cord compression is present (Figs.
5.14, 5.15, 5.16).

The study involves the acquisition of sagittal
T1-weighted SE and T2-weighted FSE or T2*-
GRE images; the acquisition of axial images,
preferably utilizing T2*-GRE. FLAIR (fluid at-
tenuated inversion recovery) sequences can al-
so provide useful information regarding spinal
cord injury, due to the high contrast definition
between the lesion, normal tissue and CSF (26).

In the acute phase, the spinal cord may ap-
pear swollen due to the presence of oedema
and haemorrhage. Spinal cord swelling is easi-
ly shown on T1-weighted sequences. This
swelling is hyperintense on T2-weighted se-
quences in relation to the normal cord tissue,
an expression of intramedullary oedema (1, 3,
4, 6) (Fig. 5.17).

This is defined by several authors as
medullary contusion (16, 22) (Fig. 5.18). The
presence of haemorrhagic products in the
spinal cord injury is termed haemorrhagic con-
tusion (Fig. 5.19). As mentioned above, frank
intramedullary haemorrhage (i.e., haemato-
myelia) may be encountered. In any case, the
MR appearance of haemorrhagic products
varies depending upon the time that has
elapsed since the traumatic event, the modifica-
tions undergone by the haemoglobin molecules
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Fig. 5.11 - Acute cervical spine trauma. MRI in a patient with
bilateral C2 pedicle fractures (Hangman fracture). a), b) Sagit-
tal, axial T2-weighted MRI.

a

b

Fig. 5.12 - Acute thoracic spine hyperflexion trauma. The MRI
study shows a fracture of the T9-10 vertebrae with anterior
wedging of the vertebral bodies. There is also evidence of oede-
ma of the involved vertebral bone marrow. The spinal cord, al-
though deflected by posterior displacement of the T9 vertebra,
does not show intrinsic signs of MRI signal alteration. [a) sagit-
tal T1-weighted MRI; b) c) sagittal, axial T2-weighted MRI].

a

b

c



present, and the strength of the magnetic field.
In the acute phase, deoxyhaemoglobin yields a
hypointense signal on T2-, and even more
strongly, on T2*-GRE sequences. A week or
more after the trauma, the transformation of

the deoxyhaemoglobin into methaemoglobin
changes the signal to hyperintense on T1- and
T2-weighted acquisitions. It should be noted
that the evolution times of the various species
of the haemoglobin molecule are slower than in
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Fig. 5.13 - Acute cervical spine trauma. The images show a
posttraumatic C4-C5 disk herniation and anterior subluxation
of C4 on C5, with minor impingement upon the anterior sur-
face of the cervical spinal cord. A minor C4 compression frac-
ture is also noted. a) Sagittal T1-weighted MRI; b) sagittal T2-
weighted MRI.

Fig. 5.14 - Acute cervical spine trauma. Identified is a burst
fracture of C6 and with associated narrowing of the central
spinal canal and cervical spinal cord compression. Note the hy-
perintensity of the spinal cord on the T2-weighted images indi-
cating contusion. [a) sagittal T1-weighted MRI; b) sagittal T2-
weighted MRI].

a

b

b

a
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Fig. 5.15 - Acute thoracic spine trauma. The MRI images
demonstrate a T11-12 fracture-subluxation. In addition, the
central spinal canal is narrowed, and there is an anterior
epidural haematoma at the T11 level. The thoracic spinal cord
is hyperintense on T2-weighted imaging at the T11-12 levels
compatible with oedema/contusion. The MRI re-evaluation
following surgical fixation and stabilisation shows good inter-
vertebral realignment and a reduction of the spinal cord de-
flection-compression (note the metallic artefact). [a) Sagittal
proton density (PD)-weighted MRI; b) sagittal T2-weighted
MRI; c) sagittal T1-weighted MRI; d) postoperative sagittal
T1weighted MRI; e) postoperative sagittal T2*-weighted MRI].

b

a
c

d

e
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Fig. 5.16 - Acute cervical spine flexion trauma. The MRI ex-
amination shows anterior dislocation of C6-C7 associated with
marked stenosis of the central spinal canal. The spinal cord is
severely compressed at this level, revealing oedema and
swelling of the cord above and below the compression. [a)
sagittal T1-weighted MRI; b) sagittal T2-weighted MRI].

Fig. 5.17 - Acute cervical spine trauma. The MRI images reveal
straightening of the physiologic cervical lordotic sagittal spinal
curvature. In addition, there is a compression fracture of the C6
vertebral body. The spinal cord is swollen and is hyperintense
on T2*-weighted MRI due to oedema associated with cord con-
tusion, but no evidence of acute haemorrhage can be identified.
[a) sagittal T1-weighted MRI; b) Sagittal T2*-weighted MRI].

a

b

a

b
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Fig. 5.18 - Acute cervical spine trauma. The MRI examination
shows a loss of the physiologic cervical lordotic sagittal spinal
curvature and pre-existent central spinal canal stenosis. A focal
area of spinal cord contusion (i.e., oedema and swelling) can be
seen on the right side at the C4 level as well as a presumed trau-
matic posterior disk herniation associated with underlying
spinal cord compression. [a, sagittal T2-weighted MRI; b) axi-
al T2-weighted MRI].

Fig. 5.19 - Acute thoracic spine trauma. The MRI acquisitions
reveal a compression fracture of the body of T12 associated
with T12-L1 anterior subluxation and central spinal canal nar-
rowing. In addition, there is a small anterior epidural
haematoma at T11. MRI signal hypointensity is present within
the spinal cord on the T2* acquisition due to acute haemor-
rhagic contusion (deoxyhaemoglobin). a) [sagittal T1-weighted
MRI; b) sagittal T2*-weighted MRI].

a

b

a

b



the brain due to the reduced oxygen tension in
the spinal cord (16). In the chronic phase, the
presence of haemosiderin in the macrophages
causes a marked signal hypointensity on T2-
/T2*-weighted sequences.

The spinal cord is often more easily assessed
in the sagittal plane due to the simplicity of de-
termining an alteration in the continuity and
uniformity of the medullary MR signal along
the longitudinal axis of the cord. Axial and
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Fig. 5.20 - Chronic spinal cord trauma. MRI images in a case of
late follow up of a burst fracture of L1 revealing diffuse spinal
cord atrophy and a focal area of myelomalacia within the conus
medullaris. [a) sagittal T1-weighted MRI; b) sagittal T2-
weighted MRI].

Fig. 5.21 - Chronic spinal cord trauma. MRI in the chronic
phase following spinal cord trauma reveals a posttraumatic sy-
ringomyelia cavity extending from C6-T1. [a) sagittal T1-
weighted MRI; b) sagittal T2-weighted MRI, c) axial T2-
weighted MRI].

a

b

a

b



coronal images will help to clarify the complex
traumatic changes. Multiplanar imaging is also
often helpful in cases of spinal cord lacerations.

Sequelae of spinal cord trauma include cord
atrophy, localized non-cystic and cystic myelo-

malacia and frank syringomyelia formation, the
latter of which may be progressive. Spinal cord
atrophy appears as a reduction in the calibre of
the cord both at the level of trauma as well as
caudally. Non-cystic/cystic myelomalacia ap-
pears as an area that is hyperintense on T2-
weighted images in the chronic phase following
trauma. This alteration is often poorly visual-
ized if at all on T1-weighted sequences, and is
associated with cord atrophy (Fig. 5.20). Sy-
ringomyelia is easily demonstrated on both T1-
and T2-weighted sequences, may be well de-

5.3 MRI IN EMERGENCY SPINAL TRAUMA CASES 333

Fig. 5.21 (cont).

Fig. 5.22 - Chronic spinal cord trauma. MRI examination sev-
eral years following flexion injury and spinal cord contusion
shows postsurgical changes and a multisegmental syringohy-
dromyelia cavity of the lower thoracic spinal cord. [a) sagittal
T1-weighted MRI; b sagittal T2-weighted MRI, c) axial T2-
weighted MRI].

c

a

b

c



marcated and is associated with expansion of
the spinal cord (Figs. 5.21, 5.22).

It is important to point out that in some pa-
tients with posttraumatic neurological deficits
related to the spinal cord MRI of the spinal
cord can be completely negative in the acute
phase. These are usually transitory clinical
deficits usually encountered in adult subjects,
which regress completely in the first few hours
after the injury. This syndrome, sometimes
known as SCIWORA (spinal cord injuries
without radiological abnormalities) originated
during the conventional radiographic era; cur-
rently, with the advent of MRI the acronym has
become known by some as SCIWMRA (spinal
cord injuries without magnetic resonance ab-
normalities) (2, 7, 30). The transient syndrome
can be explained by the mechanisms of stretch-
ing or temporary compression of the spinal
cord during the traumatic event, resulting in a
type of spinal cord “concussion”, analogous to
cerebral concussion. An association between

this clinical syndrome and severe degrees of
preexisting cervical spondylosis and therefore
central spinal canal stenosis has been estab-
lished (30).

In cases of posttraumatic epidural haematoma,
as mentioed above, the MR signal varies accord-
ing to the oxidation state of the haemoglobin
molecules and the strength of the magnetic field
of the MR unit (Figs. 5.15, 5.23). In the acute
phase, extradural collections are isointense as
compared to the spinal cord on T1-weighted im-
ages and isointense with regard to CSF on T2-
weighted sequences. The IV administration of
gadolinium can be useful in some cases for bet-
ter demarcating the enhancing peripheral rim of
the haematoma (26).

Root avulsions are traditionally diagnosed
using myelography and CT myelography. At
the levels of the avulsion, the associated pseu-
do-meningocele is filled by the intrathecal
contrast medium used for the myelogram.
However MRI is also able to identify the
pseudo-meningocele, demonstrating hyperin-
tensity of the intra- perispinal cavity on T2-
weighted sequences. In some cases MRI with
gadolinium can also document the interrupt-
ed nerve roots, in particular at the point
where the root is partially-completely avulsed,
an expression of blood-nerve barrier disrup-
tion (18). Although not universally approved,
the most recent myelographic MR techniques
are potentially capable of replacing conven-
tional invasive myelography in many or all of
its applications (8).
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INTRODUCTION

Non-traumatic spinal emergencies include
all those clinical situations that present with
acute and/or rapidly progressive signs and
symptoms of spinal cord-spinal nerve/root
compromise. These can be a result of extrinsic
spinal radiculomedullary compression or of in-
trinsic pathology.

All of these conditions require rapid diag-
nostic analysis: the recognition of a compres-
sive or expanding spinal cord-canal lesion
makes it possible to determine a surgical solu-
tion, whereas its exclusion guides diagnosis and
treatment in other directions. The main causes
of non-traumatic acute and subacute myelo-
pathic and/or radiculopathic syndromes are
given in Table 1.

IMAGING TECHNIQUES

Worsening acute and/or subacute radicu-
lomedullary compression constitutes the most
frequent cause of non-traumatic spinal emer-
gency. In the case of rapid onset of a severe neu-
rological syndrome (e.g., sudden paraplegia),
diagnostic imaging must be conducted as rapid-

ly as possible in order to proceed swiftly with
surgical decompression if deemed appropriate.

Conventional radiography makes it possible
to analyse the entire spine in a very short inter-
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EMERGENCY IMAGING OF THE SPINE 
IN THE NON-TRAUMA PATIENT

G. Polonara, M.G. Bonetti, T. Scarabino, U. Salvolini

EXTRADURAL PATHOLOGY
Vertebrodiscal pathology: – vertebral metastases

– disk herniation
– severe spondylosis and arthrosis
– haemolymphopathies
– benign tumours
– primitive malignant tumours
– spondylodiskitis

Epidural pathology: – lymphoma
– metastasis
– haematoma
– arachnoid cyst

INTRADURAL PATHOLOGY
Extramedullary intradural tumours
Spinal cord tumours
Multiple sclerosis
Spinal cord infarcts
Spinal cord arteriovenous malformations
Spinal arteriovenous fistulae
Dural arteriovenous fistulae
Cavernous angioma
Myelitis and spinal cord abscesses
Acute disseminated encephalomyelitis
Radiation myelopathy

Tab. 5.1 - Causative factors of emergency non-traumatic clini-
cal spinal syndromes.



val of time, highlighting abnormalities in the
physiological curvature, bony spinal canal
stenoses, vertebral collapse and other structur-
al alterations. A negative x-ray examination,
however, does not exclude the presence of
bony, intervertebral disk or ligamentous
pathology and in any case it does not provide
information, except very rarely, on the presence
of the pathology affecting the contents of the
central spinal canal.

Today, almost all patients with acute syn-
dromes of neurological radiculomedullary im-
pairment can be rapidly sent to a diagnostic cen-
tre where MRI equipment is available even with-
out the delay entailed in an initial conventional
x-ray examination. MRI is currently the most
sensitive and specific technique available for
studying the spine. This methodology makes it
possible to acquire images in various spatial
planes without having to move the patient. It
clearly enables the visualization of the spinal col-
umn (vertebrae, disks, ligaments and paraverte-
bral soft tissues) and its contents (epidural space,
thecal sac, spinal cord and roots/nerves) in a di-
rect, thorough and panoramic way. In addition
to establishing the focus of the lesion and the ex-
tent of the process, the nature of the condition
can often be surmised.

Although the cortical bone is best studied
using x-rays and computed tomography, MRI is
the method of choice in studying vertebral
bone marrow. In selected cases, a CT examina-
tion focused on a precise location identified us-
ing MRI can be a useful complement in non-
traumatic radiculomedullary syndromes due to
the greater contrast resolution of bone achieved
with CT.

Myelography is rarely used in those cases
where the usual exclusions of MRI exist (e.g.,
pacemakers, MRI-incompatible metal surgical
cerebral aneurysm clips). In such cases it is
used to search for indirect signs of non-osseous
causes of compression of the thecal sac and 
underlying spinal cord/cauda equina. Bone
scintigraphy can be useful for a non-specific
analysis of possible active lesions in the skele-
ton as a whole. In selected cases it can also be
useful in studying pathology limited to the
spinal column. 

CAUSES

In this section, the most frequent causes of
non-traumatic spinal emergencies will be con-
sidered, making a distinction between extradur-
al (pathology affecting the vertebrae, interverte-
bral disks, spinal ligaments and epidural space)
and thecal sac, intradural-extramedullary and
neural pathology (disease of the meninges, sub-
arachnoid space, spinal cord and/or spinal
nerves/roots).

EXTRADURAL PATHOLOGY

Back pain is the most frequent symptom of
epidural pathology. Signs and symptoms of
spinal cord and/or radicular involvement are
precipitated by pathological conditions that
primarily affect the bony structures of the
spinal column, with or without the collapse of
the vertebrae at the site of the pathology. This
is in turn followed by extraosseous involvement
of the central spinal canal and neural foramina
and the subsequent onset of myelopathic and
radiculopathic compression syndromes.

The pathogenesis of vertebral collapse can
be benign (e.g., osteoporosis, vertebral hae-
mangiomas, spondylodiskitis) or malignant
(e.g., primary or metastatic neoplastic dis-
ease). Symptomatic vertebral collapse is most
often caused by neoplastic metastases, haema-
tological/lymphatic neoplastic conditions (i.e.,
haemolymphopathies) and spondylodiskitis.
All of these can be responsible for radicu-
lomedullary compression even without verte-
bral collapse due to extraosseous neoplastic or
inflammatory mass-forming collections.

In some instances MRI makes it possible to
distinguish between benign and malignant
spinal column collapse, and it is also the most
sensitive method of identifying the overlying
spinal cord involvement in cases of extradural
pathology. 

Spinal neoplasia and haemolymphopathies

Spinal neoplasia can be primary (benign 10%,
malignant 10%), or secondary (metastases 80%).
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Up to 5% of patients with known neoplastic
conditions have symptomatic spinal metastases.

The most common type of primary “tumour”
of a vascular nature affecting the spine is verte-
bral haemangioma (Fig. 5.24), benign lesions
that are usually discovered incidentally. They can
affect any part of the spine, however the thora-
columbar spine is the most frequent site. Hae-
mangiomas usually only affect the vertebral
body, but can also involve the posterior bony
arch and spread into the perivertebral soft tis-
sues, thereby potentially causing neural com-
pression syndromes (Fig. 5.25).

CT typically reveals a diminution in number
but thickening of the individual trabeculae

within the affected vertebral marrow space.
However, in certain cases it can be difficult to
differentiate these benign vascular lesions from
true neoplasia on the basis on CT alone.

On MR examinations using T1-weighted se-
quences, haemangiomas have an irregular ap-
pearance due to the simultaneous presence of
hyperintense areas (adipose tissue) and hy-
pointense areas (thickened bony trabeculae).
On T2-weighted images they appear generally
hyperintense due to their high cellularity and
perhaps the collection of blood within the hae-
mangioma itself.

Some rarer forms of benign tumour include
osteochondromas, osteoid osteomas, osteoblas-
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Fig. 5.24 - Vertebral haemangioma. The lateral radiographic examination shows the typical vertical striations consistent with a bone
marrow haemangioma at the L3 level. The T1-weighted MRI reveals bone marrow hyperintensity typical of vertebral haemangioma.
[a) Lateral radiograph of lumbar spine; b) sagittal T-1 weighted MRI].
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Fig. 5.25 - Metameric haemangioma. The MRI examination shows a haemangioma involving of the T3 vertebral body, the peduncles,
the articular processes, the posterior arch and the posterior epidural space with minor compression of the thecal sack and spinal cord.
The internal vascular component of the haemangioma is observed to enhance following IV gadolinium (Gd) administration. [a), b)
sagittal T2-weighted MRI; c) unenhanced sagittal T2-weighted MRI; d) sagittal T1-weighted MRI following IV Gd; e) axial T1-
weighted MRI following IV Gd].
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tomas (Fig. 5.26) and aneurysmal bone cysts, all
of which are clearly visualized on both radi-
ographs and CT (7).

Rare malignant primary tumours include os-
teosarcomas (including those presenting as a
malignant degeneration of Paget’s disease of
the spine), chondrosarcomas, Ewing’s sarco-
mas, and fibrosarcomas. Chordomas, having an
intermediate histological status between benign
and malignant, originate from elements of the
notochord and are particularly common in the
sphenoid bone, the clivus and the sacrum. In
these cases MR is the best imaging technique
for defining the extent of the tumour within the
spine as well as determining the involvement of
the perispinal soft tissues.

Undoubtedly the most frequent type of neo-
plastic spinal involvement is haematogenously
borne metastatic disease, which replaces the
bone marrow tissue and destroys the bony cor-
tex of the vertebrae. Statistically, 10% of cases
of metastatic neoplastic disease affect the cervi-
cal spine, 77% the thoracic and upper lumbar
levels and 13% involve the lumbar and sacral
segments. The vertebral body is more frequent-
ly involved than are the posterior bony ele-
ments, with the exception of the vertebral pedi-

cles which are often affected. Epidural metasta-
tic disease is often present, either secondary to
primary disease, or in some cases as the sole
spinal location.

In most cases bony spinal metastatic disease
has an osteolytic appearance on x-ray and CT
imaging, however depending upon the histo-
logical type, it may be sclerotic or mixed lytic-
sclerotic.

Metastatic replacement of the bone marrow
is clearly visible on MRI. Destructive lesions
demonstrate areas of relative hypointensity on
T1-weighted imaging and comparative hyperin-
tensity on T2* STIR/chemical saturation fat-
suppressed and T2-weighted sequences (Fig.
5.27). The presence and extent of the tumour
in the spinal canal and the perivertebral tissues
is well documented after the administration of
IV gadolinium contrast medium on T1-weight-
ed images, especially when combined with fat-
suppression techniques.

On MRI, an appearance similar to that de-
scribed for metastases can be observed in cas-
es of vertebral lymphoma, multiple myeloma
and plasmocytoma affecting the spine (Fig.
5.28). Lymphomas, like metastatic neoplastic
disease, can also have a solely epidural local-
ization.

Infectious processes involving the spine

The early diagnosis of vertebral osteomyelitis,
diskitis or epidural abscess formation by
means of medical imaging (Fig. 5.29) facili-
tates suitable treatment to be instituted rapid-
ly, even though the clinical signs, symptoms
and laboratory tests are frequently not specif-
ic (10). In cases of spondylodiskitis, 2-8 weeks
can elapse from the onset of clinical symptoms
until visible signs are present on conventional
radiographic studies. These findings can in-
clude a reduction in the height of the interver-
tebral disk space, alterations in the vertebral
end plates (e.g., erosion, blurring of margins,
reactive bony sclerosis) and the presence of an
extraosseous paravertebral soft tissue mass.
The vertebral bodies can variably be de-
stroyed, however the pedicles are rarely in-
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Fig. 5.25 (cont.).
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volved in cases of infection, with the excep-
tion of spinal tuberculosis.

CT, preferably performed after the IV ad-
ministration of iodinated contrast medium, typ-
ically reveals the existence of a mass in the
perivertebral soft tissues and epidural space,
and the fragmentation and destruction of verte-
brae.

On MRI, spondylodiskitis has a character-
istic appearance that includes the involve-
ment of the two contiguous vertebrae (hy-
pointense marrow signal on T1-weighted im-
ages; hyperintense marrow signal on T2-
weighted sequences) and the intervening in-
tervertebral disk (reduction of height of disk

space; hyperintense signal on T2-weighted
images) (Fig. 5.30). In addition, MRI demon-
strates bony erosions of the vertebral end
plates, inflammatory epidural and periverte-
bral soft tissue masses and semifluid abscess
collections (Fig. 5.31). Postcontrast images
acquired with fat suppression are most sensi-
tive in defining the extent of the complex in-
flammatory processes. 

It should be noted that while spinal metasta-
tic neoplasia reveals signal alteration of the ver-
tebrae similar to those described for spondy-
lodiskitis, involvement of the adjacent interver-
tebral disk and adjacent vertebral end plates is
not present.
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Fig. 5.26 - Osteoblastoma of the posterior arch of C5. The MRI
examination reveals a hypointense lesion within the posterior
arch of C5 on the right. The CT study shows a sclerotic mass
lesion of the posterior arch of C5. [a) oblique-sagittal T1-
weighted MRI; b) axial T1-weighted MRI; c) axial CT].
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OTHER TYPES 

Extradural pathology

The differential diagnosis of acute clinical
radiculomedullary syndromes must also take
into consideration other types of pathology (10,
12), including: posterior spinal facet joint and
interspinous spondylosis (Fig. 5.32); disk hernia-
tions-protrusions; osteopenic-osteoporotic verte-
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Fig. 5.27 - Multiple vertebral neoplastic metastases from primary
colon cancer. The MRI examination shows partial collapse and ex-
pansion of the L1 vertebral body and the presence of an epidural
soft tissue mass that compresses the thecal sac, the conus
medullaris and the roots of the cauda equina. In addition, there is
neoplastic involvement of T11, L5 and the adjacent perispinal soft
tissues. [a) sagittal T2-weighted MRI; b), c) sagittal T1-weighted
MRI; d), e) axial T1-weighted MRI; f) coronal T2-weighted MRI].
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bral collapse; osteonecrosis; and developmental
spinal malformations especially at the cervico-
occipital junction (Fig. 5.33).

The high contrast resolution of MRI regard-
ing soft tissues enables a straightforward evalu-
ation of degenerative/protrusive intervertebral
disk pathology. T2-weighted images acquired in
the sagittal plane characterize such degenerative
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Fig. 5.27 (cont.).

Fig. 5.28 - Vertebral plasmocytoma. The MRI examination the
sagittal picture clearly shows the expansion and partial collapse
of the T9 vertebral body with associated invasion of the par-
avertebral and epidural soft tissues. [a) sagittal T1-weighted
MRI; b) axial T1-weighted].
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alterations thanks partly to the “myelographic
effect” of the high CSF signal. Spinal cord com-
pression, with or without parenchymal oedema,

is also well visualised on sagittal T2-weighted se-
quences; these alterations are generally less eas-
ily visible on axial T2-weighted images. T1-
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Fig. 5.29 - Iatrogenic epidural abscess. The MRI study shows a mass forming posterior epidural lesion that displaces the nerve roots of the
cauda equina forwards. There is inhomogeneous enhancement of this process following IV Gd administration. [a) sagittal T2-weighted MRI;
b) unenhanced sagittal T1-weighted MRI; c) sagittal T1-weighted MRI following IV Gd; d) coronal T1-weighted MRI following IV Gd].
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weighted acquisitions, that provide greater visi-
bility of epidural and neural foramen fat, further
assist in the diagnostic evaluation in the thoracic
and lumbar regions. Finally, MR myelography
utilizing T2-wieghted sequences can facilitate
evaluating the presence or absence of a radicu-
lar compression.

Of the causes of compression emanating di-
rectly from the epidural space, spontaneous
haematomas (Fig. 5.34), and extradural arachnoid
cysts should be considered. Epidural haematomas
will typically demonstrate no other related find-
ings on imaging studies; the MRI characteristics
will be the same as those previously described for
acute-subacute spinal haematomas. CT and MR
examinations in cases of arachnoid cyst reveal
smooth bony erosion, including: widening of the
central spinal canal, pedicle erosion, widening of
the affected neural foramen and erosion of the ad-
jacent surfaces of the vertebral body. MRI shows
an expanding lesion having signal similar or iden-
tical to that of CSF. Signs indicating an extradur-
al nature of the cyst are cranial and caudal dis-
placement of the adjacent epidural fat, anterior
displacement of the subarachnoid space and the
spinal cord and extension into the neural foramen
(8, 10) (Fig. 5.35).

Intradural pathology

In cases of extramedullary masses, radicular
symptoms usually precede medullary ones, they
are segmental and can be sensory and/or motor.
Intramedullary masses most often present with
non-specific, gradual, progressive signs and
symptoms; pain may be the first symptom. Sen-
sory deficits vary according to the location of
the lesion. Bladder and bowel dysfunction and
impotence are rare and appear late in the clini-
cal course (1).
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Fig. 5.30 - Spondylodiskitis. The MRI examination demon-
strates a pathologic process effecting simultaneous involvement
of multiple thoracic vertebrae together with the intervening in-
tervertebral disks. In addition, there is associated disk and ver-
tebral collapse, perivertebral and epidural soft tissue mass for-
mation and spinal cord compression. These findings are con-
sistent with nonspecific spondylodiskitis. [a) coronal T1-
weighted MRI; coronal T2-weighted MRI; unenhanced sagittal
T1-weighted MRI; sagittal T1-weighted MRI following IV Gd].
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In the cases of intradural masses, x-rays may
show a straightening of the physiological curva-
ture of the spine or even progressive scoliosis.
Especially in children with congenital in-
tramedullary tumours, widening of the central
spinal canal and thinning of the pedicles may
be observed.

Myelography is rarely indicated, except in
subjects where MRI is contraindicated or un-
available, or when MRI is not diagnostic, as
when small neurinomas, vascular malforma-
tions and arachnoid lesions are suspected.

CT is not particularly helpful in these situa-
tions and should principally be reserved for os-
teoarticular pathology of the spinal column and
following myelography.

Spinal angiography is indicated in the exam-
ination of vascular malformations and neopla-
sia as a preliminary stage for interventional ra-
diology procedures and in preoperative evalua-
tion.

MR is the examination technique of choice
for imaging the subarachnoid space and the
spinal cord, and should be the first study to be
performed where available. The examination
should include T1- and T2-weighted images,
and T1-weighted images after the IV adminis-
tration of gadolinium. The entire spine can be
examined using dedicated phased-array surface
coils. The images must be acquired in at least
two different scan planes in order to clearly 
define the lesion in three planes and to assist in
the differentiation between intra- and ex-
tramedullary masses.

Neoplasia and non-neoplastic mass 
forming processes

The most frequent types of intradural ex-
tramedullary neoplasia are meningiomas and
neurinomas (1). Meningiomas are benign tu-
mours that originate in the arachnoid mater, oc-
cur more frequently in females in the fifth
decade of life and exert effects via mass effect.
They are most often encountered in the tho-
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Fig. 5.30 (cont.).
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racic spine. Only rarely are they multiple in the
spine, and very seldom have large extradural
components.

From a diagnostic imaging point of view,
on x-rays it is only rarely possible to observe
calcifications or signs of vertebral remodel-
ling. Myelographic signs are indirect, typi-
cally appearing as an obstruction of flow of
the subarachnoid contrast medium, typical of
extramedullary intradural lesions, with asso-
ciated displacement and compression of the
spinal cord. On CT, meningiomas can be dis-
tinguished from the surrounding anatomical
structures by their intrinsic hyperdensity rel-
ative to the spinal cord, calcifications when
present and dense enhancement following
the IV administration of iodinated contrast
medium.

On MRI, meningiomas may have a similar
intensity to spinal cord. Their identification is
facilitated by the use of heavily T2-weighted se-
quences, and the administration of IV gadolin-
ium contrast medium. Meningiomas typically
reveal an intense, homogeneous pattern of en-
hancement after the gadolinium injection (Fig.
5.36).
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Fig. 5.31 - Subacute spondylodiskitis caused by brucella species.
The MRI study shows a simultaneous pathologic involvement of
two adjacent vertebrae and the intervening intervertebral disk.
There is irregular contrast enhancement in all involved struc-
tures following IV Gd administration. The perivertebral soft tis-
sues demonstrate limited involvement. [a) unenhanced sagittal
T1-weighted MRI; b) sagittal T1-weighted MRI following IV
Gd; c) coronal T1-weighted MRI following IV Gd].
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Neurinomas originate from Schwann cells
and favour the posterior spinal nerve roots
as sites of origin. They are more frequently
observed at cervical and thoracic spinal lo-
cations, but can involve the roots of the 
cauda equina. These neoplasms can be mul-
tiple in Recklinghausen’s disease (Fig. 5.37).
Neurinomas present in an intradural-ex-
tramedullary location, can extend into the
neural foramen and even grow outside the
spinal canal (i.e., hourglass-shaped mass). In
such cases on x-rays it is possible to observe
widening of the neural foramen and, if suf-
ficiently large, the presence of a paraverte-
bral mass. If voluminous, neurinomas can al-

so cause scalloping of the posterior wall of
the vertebral body(ies).

Concerning the intradural component of
the neurinoma, myelography provides typical
findings of spinal cord displacement and
compression, and cup-shaped blockage of
the contrast medium by the neoplasm; myel-
ography provides no information on the ex-
tradural component of the lesion. CT fol-
lowing the myelogram, however, reveals the
entire extent of the tumour together with the
bony remodelling when present. Neurinomas
generally show heterogeneous enhancement
on CT after IV iodinated contrast medium
administration.
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Fig. 5.32 - Spondylotic myelopathy. Multilevel degenerative discovertebral alterations result in central spinal canal stenosis and asso-
ciated cervical spinal cord compression. In addition, a focal area of hyperintense MRI signal is observed on the T2-weighted image at
the C5 level consistent with myelomalacia. [a) sagittal T1-weighted MRI; (b) sagittal T2-weighted MRI].
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Fig. 5.33 - Os odontoideum. The MRI images show anterior subluxation of the C1 vertebral body and adjacent odontoid process in
relationship to the vertebral body of C2. In addition, the spinal cord is compressed between the posterior bony arch of C1 and the
vertebral body of C2, and the intervening spinal cord is hyperintense indicating underlying myelomalacia. Note the partial reduction
of the dislocation in extension. [a): neutral T1- and T2-weighted sagittal MRI; b): flexion T1- and T2-weighted sagittal MRI; c): ex-
tension T1- and T2-weighted sagittal MRI].
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Unenhanced MRI provides all the diagnostic
information outlined above.

The rarer mass-forming lesions of the sub-
arachnoid space include (in decreasing order of

frequency) lipomas (most often associated with
congenital dysraphic conditions), teratomas,
and subarachnoid metastases (Fig. 5.38) that
are typically multiple and widespread, fre-
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Fig. 5.34 - Spontaneous subacute epidural haemorrhage in patient with plasmacytopenia. The MRI examination shows mass forming
posterior epidural haematoma. IV Gd enhanced MRI shows minor peripheral enhancement around the haematoma. The remaining
MRI study reveals hypointensity of the margins of the haematoma consistent with early haemosiderin evolution and anterior spinal
cord deflection-compression. [a) unenhanced sagittal T1-weighted MRI; b) T1-weighted MRI following IV Gd; c) T2-weighted MRI;
d) sagittal T2-weighted MRI with fat suppression; e) axial T1-weighted MRI; (f) axial T2-weighted MRI].
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quently covering the leptomeningeal surfaces
of the spinal subarachnoid space (Fig. 5.39). All
these pathological conditions are well docu-
mented using MRI. CT is excellent in docu-
menting adipose tissue and, unlike MRI, is able
to demonstrate tumour calcifications present in
some neoplasms (e.g., teratomas).

MRI is also the best non-invasive technique for
documenting non-neoplastic expanding processes,
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Fig. 5.34 (cont.).

Fig. 5.35 - Extradural arachnoid cysts. The MRI images show a
posterolateral intraspinal mass lesion that has an MRI signal
that is slightly higher than that of CSF. There is associated cra-
nial and caudal displacement of the supra- and subjacent
epidural fat surrounding the mass indicating its epidural loca-
tion. There is also minor mass effect upon the thecal sac and ex-
tension of the cyst into the contiguous, expanded spinal neural
foramen. [a) midline sagittal T2-weighted MRI; b) parasagittal
T2-weighted MRI; c) midline T1-weighted MRI; d) coronal T1-
weighted MRI; e) midlesion axial T2-weighted MRI; f) subja-
cent axial T2-weighted MRI].
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including intradural arachnoid cysts and lateral
spinal meningoceles (associated with von Reck-
linghausen’s disease).

The most frequently encountered in-
tramedullary neoplasms are astrocytomas, epen-

dymomas and haemangioblastomas. Astrocy-
tomas represent 25-30% of all intramedullary
tumours presenting in adults and more than
90% of all spinal cord tumours in children. Typ-
ical astrocytomas cause a fusiform expansion of
the spinal cord. If a cystic component is present,
it is typically intratumoral, although satellite
cysts and secondary syringomyelia are observed.
Astrocytomas reveal moderate, irregular en-
hancement after IV contrast medium adminis-
tration. The boundaries of the astrocytoma are
usually poorly defined. The evolution of such le-
sions into glioblastoma multiforme is occasional-
ly seen (Fig. 5.40).

Ependymomas are typically located in the
cervical region and are often associated with

5.4 EMERGENCY IMAGING OF THE SPINE IN THE NON-TRAUMA PATIENT 353

Fig. 5.35 (cont.).
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a large satellite cyst(s). Although not always
seen, a low signal intensity area on T2-weight-
ed MR typically surrounds the cranial and
caudal boundaries of the lesion, representing

repeated intralesional microhaemorrhages
(Fig. 5.41). Ependymomas generally reveal
well-defined boundaries and, with the excep-
tion of the often associated cystic component,
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Fig. 5.36 - Spinal meningioma. The MRI images reveal a spinal canal mass having MRI signal that is very similar to that of the spinal
cord. The heavily T2-weighted images demonstrate the intradural-extramedullary location of the tumour. The lesion shows intense,
homogeneous contrast enhancement following IV Gd administration. [a) sagittal T1-weighted MRI; b) sagittal T2-weighted MRI; c),
d), e) sagittal, axial and coronal T1-weighted MRI following IV Gd].
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demonstrate intense, rather homogeneous en-
hancement after IV gadolinium contrast
medium administration. Originating from
ependymal cells, they occupy a less eccentric
location that astrocytomas. They are most
commonly encountered in adolescents and
young adults. Not uncommonly they may be
located in the cauda equina because of em-
bryonic rests of ependymal cells in the filum
terminale (Fig. 5.42).

Haemangioblastomas represent 5% of all
spinal cord neoplasia. This kind of tumour can
be isolated or multicentric. In the latter case,
they are associated with von Hippel-Lindau’s
disease. Tumour nodes are typically small, rich-
ly vascularized, generally located eccentrically
in the cord and often associated with extensive
syringomyelia formation and/or marked spinal
cord oedema.

Rare tumours of the spinal cord include lym-
phomas (usually a spinal cord deposit of a sys-
temic lymphoma), congenital lipomas, neoplas-
tic metastases, gangliogliomas and oligoden-
drogliomas.

MRI is the examination of choice for
studying spinal cord tumours, especially as it
is able to identify the extent of the neopla-
sia and visualize various components of the

mass. The solid components of the tumour
may or may not have well-defined bound-
aries. Generally speaking, low grade tumours
such as ependymomas or haemangioblas-
tomas have well-defined margins whereas in-
filtrating or more aggressive tumours have
poorly limited confines. After IV contrast
medium administration ependymomas typi-
cally reveal an intense, homogeneous en-
hancement pattern; astrocytomas on the oth-
er hand show a modest, inhomogeneous pat-
tern of enhancement.

Intratumoral haemorrhages, often observed
in spinal cord neoplasia, show increased signal
on T1-weighted MRI images in the subacute
phase (i.e., methaemoglobin) and reduced signal
on T2-weighted sequences. In the late phases, if
gradient-echo sequences are used, haemosiderin
deposits will demonstrate marked areas of hy-
pointensity. 

Parenchymal oedema can be seem in up
to 60% of cases of ependymoma, 23% of 
astrocytoma and almost always in haeman-
gioblastomas, in which case it is usually ex-
tensive.

Intratumoral cystic components are usually
located within the boundaries of the neoplastic
lesion itself. The MR signal of this type of cyst
is generally higher on T2-weighted images than
that of the CSF due to the high protein content
of the fluid; the walls of these intrinsic tumour
cysts show enhancement after IV contrast
medium administration. On the contrary, satel-
lite cysts, which resolve spontaneously after
surgical resection of the neoplasm, are found
cranially and caudally in relationship to the sol-
id tumour mass. They demonstrate MR signal
characteristics similar to those of the CSF and
the walls do not enhance after IV gadolinium
administration.

Syringohydromyelia, which can be associat-
ed with spinal cord neoplasia, also disappears
spontaneously after the total surgical removal
of the neoplasm. 

Spinal angiography may occasionally be use-
ful in order to complete the diagnostic imaging
examination in the presence of clinical clues or
MR findings that suggest the presence of hae-
mangioblastoma.
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Non-mass forming spinal cord pathology

MRI is also useful for the diagnosis of acute
spinal cord involvement in multiple sclerosis

and sudden onset ischaemic medullary disease.
Multiple sclerosis (MS) (6, 9) is a demyelinating
disease that most frequently affects females,
and which presents with variable neurological
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Fig. 5.37 - Multiple spinal schwannomas in a subject with von Recklinghausen’s disease. The MRI imaging study demonstrates multi-
ple intramedullary and intradural-extramedullary masses in the cervicothoracic region, which appear hyperintense on T2-weighted
MRI, and show contrast enhancement following IV Gd administration. Also note the multiple perimedullary masses and the numer-
ous masses within the nerve roots of the cauda equina. [a) sagittal cervicothoracic T2-weighted MRI; b) sagittal cervicothoracic T1-
weighted MRI following IV Gd; c) axial cervical T1-weighted MRI following IV Gd; d) sagittal midthoracic T1-weighted MRI follow-
ing IV Gd; e) axial upper thoracic T1-weighted MRI following IV Gd; f): sagittal lumbosacral T1-weighted MRI following IV Gd].
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signs and symptoms often in a relapsing-remit-
ting pattern. Spinal cord involvement typically
affects the dorsolateral regions of the cervical
cord. Although isolated medullary involvement
(i.e., in the absence of cerebral disease) can be
observed in up to 10% of cases, nevertheless,
when a spinal cord lesion of a probable de-
myelinating nature is identified using MRI, a

supplemental brain scan is required to com-
plete the investigation. MRI generally underes-
timates the number and presence of spinal cord
demyelinative lesions, especially at a thoracic
level, where fine detail can be reduced by arte-
facts caused by CSF pulsation, chest wall move-
ment and motion of the cardiovascular system.

On T2-weighted MRI, MS lesions appear as
single or more frequently multiple hyperintense
areas of the spinal cord that generally extend
for less than two spinal segments, located in the
axial plane in the white matter of the lateral and
posterior columns. Areas of acute demyelina-
tion can cause swelling of the spinal cord and
enhancement after IV contrast medium admin-
istration (Fig. 5.43). 

The combination of retrobulbar optic neuri-
tis and a spinal cord lesion is termed Devic’s
disease. The question of whether this patholo-
gy is a variant of multiple sclerosis or a separate
entity is still controversial. In Devic’s disease,
MRI shows widespread spinal cord lesions with
cord swelling and inhomogeneous enhance-
ment after IV contrast medium injection.

Spinal cord infarcts (3, 5, 11) are rarely iso-
lated events, but instead are more often associ-
ated with spinal column trauma, inadvertent
ligation of the afferent radiculomedullary arter-
ies, spinal arteriovenous malformations, hy-
potension, vasculitis and neoplasia. The major-
ity of spinal cord infarcts take place in the ter-
ritory of the anterior spinal artery and have a
propensity for the thoracolumbar region, where
the normal blood supply to the spinal cord is
most sparse. MRI using axial T2-weighted se-
quences demonstrates the ischaemic area as hy-
perintensity affecting the entire volume of the
spinal cord over multiple segments associated
with moderate swelling (Fig. 5.44). Spinal cord
infarcts in the subacute phase (i.e., 2-6th day)
may demonstrate contrast enhancement after
IV gadolinium administration; chronic phase
infarcts evolve to spinal cord atrophy. 

Spinal cord arteriovenous malformations are
congenital vascular abnormalities. They typical-
ly present in the young and are most frequently
encountered in the thoracic or cervical region.
The lesion is generally principally supplied by
the anterior spinal artery. Patients present with
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signs and symptoms of progressive myelopathy
(venous congestion or arterial steal) or with the
onset of an acute neurological deficit secondary
to spontaneous intramedullary and/or sub-
arachnoid haemorrhage. In such cases MRI
demonstrates serpentine flow voids within ab-
normal coiled vessels, focal spinal cord
swelling, haemorrhage in various stages, and
hyperintensity on T2-weighted images adjacent
to the nidus of the malformation, representing
oedema, ischaemia and/or gliosis. After IV con-
trast medium administration, depending upon
flow velocity and intravascular turbulence, en-
hancement is seen in some of the vascular com-
ponent and occasionally within the surround-
ing parenchymal component if the latter has
undergone insult from spontaneous adjacent
parenchymal haemorrhage of the vascular mal-
formation or if related cord infarction has oc-
curred.

Spinal dural arteriovenous fistulae are ac-
quired lesions, most frequently encountered in
elderly subjects in the thoracic spinal region. In
most cases the fistula is supplied by the posteri-
or spinal artery and represents a direct commu-
nication between a dural branch of a radicu-
lomedullary artery and a perimedullary in-
tradural vein.

Dural arteriovenous fistulae represent ap-
proximately 80% of all spinal vascular malfor-
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Fig. 5.38 - Intradural spinal metastasis in a patient with primary
intracranial pinealoblastoma. The MRI examination shows that
the spinal cord is compressed posterolaterally by an enhancing
intradural-extramedullary mass consistent with subarachnoid
dissemination of the pinealoblastoma. [a) sagittal T2-weighted
MRI; b) sagittal T1-weighted MRI; c) axial T1-weighted MRI
following IV Gd].
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mations. They do not typically cause haemor-
rhage, but instead patients present with either
chronic signs and symptoms of progressive
myelopathy secondary to spinal cord ischaemia
that is generated by venous congestion, or
acute clinical findings consistent with sudden
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Fig. 5.39 - Metastatic neoplastic leptomeningeal spread in a
case primary pineal region neoplasm. Sagittal T1-weighted
MRI following IV Gd administration shows diffuse lep-
tomeningeal contrast enhancement consistent with subarach-
noid dissemination of the primary intracranial neoplasm.

Fig. 5.40 - Primary thoracic spine intramedullary glioblastoma
with subarachnoid dissemination. The MRI imaging study
shows diffuse spinal cord swelling associated with inhomoge-
neous MRI signal. Irregular contrast enhancement is present
following IV Gd administration. Extramedullary masses are al-
so present on the surface of the spinal cord as well as associat-
ed with the roots of the cauda equina and the posterior fossa
due to leptomeningeal spread of the primary spinal cord neo-
plasm. [a) sagittal T2-weighted MRI; b) sagittal T1-weighted
MRI; c), d) midline sagittal and parasagittal T1-weighted MRI
following IV Gd].
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Fig. 5.40 (cont.).

Fig. 5.41 - Thoracic spine intramedullary ependymoma. The
images reveal a thoracic intramedullary mass having peripheral
low signal intensity on T2-weighted images at the cranial and
caudal margins of the lesion, indicating repeated intratumoural
microhaemorrhages. Note the extensive peritumoural hyperin-
tense oedema on the T2-weighted images. [a) sagittal T2-
weighted MRI b) sagittal T2*-weighted MRI; c), d) axial T2-
weighted MRI].
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spinal cord infarction. T2-weighted MRI shows
an indentation of the posterior surface of the
spinal cord by dilated intradural-perimedullary
veins (Fig. 5.45), a finding that can often be
more clearly visible after IV gadolinium admin-
istration; multilevel intramedullary spinal cord
hyperintensity is also observed in acutely pre-
senting cases as a result of the evolving infarct
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Fig. 5.41 (cont.).

Fig. 5.42 - Ependymoma of the conus medullaris. The MRI
study shows a septated partially cystic mass with a mural nodu-
lar area of contrast enhancement. [a) sagittal T2-weighted MRI,
b) sagittal T1-weighted MRI following IV Gd].
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which may also show homogenous multiseg-
mental contrast enhancement (2). It has been
shown that on occasion MRI can be equivocal
or even falsely negative in instances that subse-
quently were proven to have spinal dural fistu-
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Fig. 5.43 - Thoracic intramedullary multiple sclerosis. T2
weighted MRI shows an area of intramedullary high signal in-
tensity at the T8-9 level associated with minor focal swelling of
the spinal cord. Contrast enhancement is seen within the area
of MRI signal abnormality following IV Gd administration. [a)
sagittal T2-weighted MRI; a) sagittal T-1 weighted MRI follow-
ing IV Gd].

Fig. 5.44 - Ischaemia of the thoracic spinal cord associated with
spinal dural arteriovenous fistula. T-2 weighted MRI demon-
strates high signal intensity within the central region of the
conus medullaris associated with central medullary hyperinten-
sity and vascular flow voids over the posterior surface of the
thoracic spinal cord. [a) sagittal T1-weighted MRI; b) axial T2-
weighted MRI; c) axial T-weighted MRI].
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Fig. 5.45 - Thoracic spinal dural arteriovenous fistula. The MRI study reveals subarachnoid space MRI signal irregularity posterior to
the spinal cord, which becomes much more evident on the T2-weighted images due to the presence of serpentine vascular flow voids.
[a) sagittal T1-weighted MRI; b) sagittal T2-weighted MRI, c) coronal T2-weighted MRI].

c

a

b

c

Fig. 5.44 (cont.).



lae. In such clinically suspected but MRI-nega-
tive cases, myelography and spinal angiography
may be indicated, and when positive will defin-
itively reveal the site of the dural fistula, the
feeding arteries and the dilated draining veins.
In any case, angiography is a prerequisite for
therapeutic dural fistula embolization, the
treatment of choice in these patents.

Cavernous angiomas are usually indolent
vascular malformations that are nevertheless
prone to haemorrhage and intrinsic thrombo-
sis. T1- and T2-weighted MRI typically shows
a central hyperintense core with a peripheral
margin or margins of hyper- and hypointensity
due to the presence of mixed subacute and
chronic haemoglobin metabolites (Fig. 5.46).
Some cases demonstrate central enhancement
after IV contrast medium administration, rep-
resenting the residual patent vascular compo-
nent of the angioma. Cavernous angiomas can
present acutely with signs and symptoms relat-
ed to intramedullary haemorrhage (Fig. 5.47).

Acute spinal cord syndromes can also be
caused by viral or granulomatous infections. In
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Fig. 5.47 - Acute haemorrhage within intramedullary cavernous
angioma. The spinal T1-weighted spinal MRI images demon-
strate an extensive acute-subacute (deoxyhaemoglobin and
methaemoglobin) thoracic intramedullary haemorrhage associ-
ated with an intramedullary cavernous angioma showing intrin-
sic hypointensity on T2-weighted acquisitions consistent chron-
ic peripheral microhaemorrhages (haemosiderin). The MRI of
the brain showed several cavernous angiomas demonstrating the
multicentric potential of this pathologic process. [a) sagittal T2-
weighted spinal MRI b) sagittal T1-weighted weighted spinal
MRI; c) sagittal T2*-weighted spinal MRI; d) axial T1-weighted
spinal MRI; e) axial T2*-weighted cranial MRI].

a

b

Fig. 5.46 - Chronic haemorrhage within thoracic intramedullary
cavernous angioma. T2*-weighted sagittal MRI reveals hy-
pointensity within the upper thoracic spinal cord as a conse-
quence of deposition of haemosiderin associated with thrombo-
sis-haemorrhage within an intramedullary cavernous angioma.



cases of infectious myelitis, MRI demonstrates
multisegmental non-specific intramedullary
hyperintensity on T2-weighted sequences, with
a variable enhancement after contrast medium
administration.

Spinal cord abscess formation is rare and is
usually caused by the direct extension of in-

fections from adjacent perispinal tissues or
from penetrating trauma. T2-weighted MRI
demonstrates an intramedullary mass that is
hyperintense on T2-weighted sequences and
reveals rim enhancement after IV gadolinium
administration. Distinguishing this pattern
from other spinal cord lesions such as neopla-
sia is not always possible on the basis of the
images alone.

Acute transverse myelitis is an acute in-
flammatory process with a poor prognosis.
The aetiology is unknown, however it is prob-
ably autoimmune in nature. Acute transverse
myelitis can be associated with various con-
ditions such as multiple sclerosis, paraneo-
plastic syndromes, prior vaccinations, vas-
culitis or known autoimmune disorders. Clin-
ically there is an acute onset of a profound
spinal cord neurological deficit in the absence
of other findings. It is for this reason that
transverse myelitis is always a diagnosis of ex-
clusion. On MRI, acute transverse myelitis
demonstrates areas of hyperintensity on T2-
weighted imaging associated with spinal cord
swelling and irregular contrast enhancement
following gadolinium administration due to
an associated breakdown in the blood-cord
barrier. In the chronic phase, the spinal cord
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can appear atrophic, and areas of high signal
on T2-weighted images may persist due to
gliosis.

Acute disseminated encephalomyelitis is a
monophasic autoimmune disease that follows
within days or weeks of an antiviral vaccination
or viral infection. As the name indicates, it in-
volves the brain but also concomitantly affects
the spinal cord. Pathologically the lesions are
similar to those of MS. The prognosis is typi-
cally good and the majority of patients respond
rapidly to steroid treatment. MRI shows hyper-
intense areas on T2-weighted sequences within
the parenchyma of the brain and spinal cord
that enhance after IV gadolinium; the spinal
cord may be swollen.

The development of radiation myelopathy
in part depends on the dose of radiation and
the time period over which it was adminis-
tered. In the acute milder forms, typically pre-
senting approximately three months after ra-
diation is applied to the spinal cord, the pa-
tient experiences sensations similar to electric
shocks in the lower limbs; MRI may show no
abnormality. However in severe cases the pa-
tient reveals a severe, rapidly progressive
myelopathy; in such cases, the spinal cord is
swollen, hyperintense on T2-weighted images
and enhances following IV contrast injection.
Evolution of spinal cord atrophy will occur
over time (Fig. 5.48).
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Fig. 5.48 - Radiation induced thoracic myelitis/spondylitis
three years following radiotherapy. T2-weighted MRI with fat
suppression shows hyperintense MRI signal within the thoracic
spinal cord and within the bone marrow of several contiguous
vertebral bodies, both of which are caused in this case by the
preceding radiation therapy. Axial T2*-weighted images
demonstrate again the intramedullary location of the patholog-
ic process. No contrast enhancement of the intramedullary
process can be identified. Note the postsurgical alterations. [a)
sagittal T2-weighted MRI; b) sagittal T1-weighted MRI follow-
ing IV Gd; c) axial T2*-weighted MRI].
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INTRODUCTION

This chapter covers the most common emer-
gency situations encountered in neuropaedi-
atrics, including cerebrovascular disease, head
injuries, infections of the central nervous sys-
tem (CNS) and intracranial hypertension.

CEREBROVASCULAR DISEASE

Cerebrovascular disease (15, 32) is rare in in-
fants and newborns and when encountered does
not have the same aetiological factors as in adults:
the most common causes in the young age group
are congenital vascular abnormalities and those
secondary to systemic illnesses. Various areas of
the brain show significant differences in their sus-
ceptibility to cerebral vasculopathy. In addition,
there are also important physiological differences
in the blood vessels of different areas of the brain.
The pathological conditions of cerebrovascular
disease are haemorrhage and ischaemia.

HAEMORRHAGE

NEWBORNS AT TERM AND YOUNG INFANTS

In newborns at term, a large number of possi-
ble pathological events may result in intracranial

haemorrhage: a) trauma: subdural haematoma,
epidural haematoma. subarachnoid haemor-
rhage, intracerebral haemorrhage, intracerebellar
haemorrhage, b) clotting disorders: clotting de-
fects, thrombocytopenia, c) vascular disorders:
aneurysms, arteriovenous malformations, d)
metabolic disorders, and e) idiopathic intra-
parenchymal haemorrhage.

The clinical signs of an intracranial haemor-
rhage lesion in a newborn are often modest and
non-specific: apathy or irritability/hyperex-
citability without focal neurological signs,
seizure, tremors, breathing disorders. Fre-
quently acidosis, hypoglycaemia and hypoten-
sion are associated with such haemorrhages.

a) Labour trauma is the most frequent cause
of bleeding in newborns.

Subdural haematomas and subarachnoid
haemorrhage are the most common types of
haemorrhagic lesion. The most frequent site of
subdural bleeding is over the cerebral convexi-
ty and within the temporal fossa, however
haemorrhages can also be encountered adja-
cent to the falx cerebri, tentorium cerebelli and
in the posterior cranial fossa.

Intraparenchymal haemorrhages are less fre-
quent and can be associated with subarachnoid
and subdural haemorrhage, should the bleed-
ing extend into the ventricles. The prognosis of
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small lesions is good, however serious sequelae
are typically observed following larger haemor-
rhages.

Diagnostic imaging should first include CT,
which demonstrates the presence, site and ex-
tent of the cerebral bleed at an early stage; on
the other hand, haemorrhages associated with
cerebral infarcts will only become evident some
days after the ischaemic event.

Ultrasound may not show epidural or sub-
dural haemorrhages localized to the cranial
convexity or in the posterior fossa, whereas
larger haemorrhages are clearly visible on ultra-
sound images as hyperechoic areas, and later
hypo- anechoic regions.

Both ultrasound and CT are capable of doc-
umenting and sequentially monitoring the most
important sequelae: porencephalic cysts and
hydrocephalus.

Porencephalic cysts usually form off of the
bodies of the lateral ventricles. They typically
develop from a haemorrhage that ruptures into
the lateral ventricle or the subarachnoid space.
Associated posthaemorrhagic hydrocephalus
develops in 10-15% of patients with intraven-
tricular haemorrhage. The hydrocephalus halts
or improves in most cases; more rarely it pro-
gresses and can require surgical ventricular-
peritoneal shunt placement.

b) Various clotting and platelet disorders can
result in intracranial haemorrhage in newborns.
The most frequent causes of thrombocytopenia
are the use of medicines during pregnancy, ma-
ternal infections, immunological disorders and
disseminated intravascular coagulation.

c) Vascular malformations and intracranial
aneurysms may present with intracranial haem-
orrhages in newborns in rare occasions.

Ultrasound may prove useful in diagnosis,
especially in infants with aneurysmal dilatation
of the vein of Galen. This is a rare congenital
disorder wherein abnormal arteriovenous for-
mations drain into the deep, dilated vessels of
the galenic system. These direct connections
with the vein of Galen can be by large fistulae
or by multiple smaller arteriovenous connec-
tions. The pathogenesis would seem to involve
intrauterine vascular thrombosis or absence of
formation of the superior sagittal venous sinus. 

In 90% of cases, signs and symptoms of vas-
culopathy arise in early infancy: intracranial
haemorrhage (intraparenchymal or subarach-
noid) and rapidly progressive hydrocephalus
are the most frequent presentations. In new-
borns these complications are frequently asso-
ciated with cardiac insufficiency, the final
pathophysiological result of a preexistent con-
genital haemodynamic anomaly (e.g., increase
in blood flow across an arteriovenous fistula,
increase in blood return to the right atrium,
right-to-left blood flow through cardiac de-
fects). In addition, the large blood flow through
the fistula can create a secondary state of cere-
bral ischaemia.

In newborns, the aneurysmal dilatation of
the vein of Galen can be simply diagnosed us-
ing ultrasound. On colour Doppler images,
turbulent flow can usually be seen.

On CT without IV contrast medium, the
vein of Galen appears as a rounded mass in the
region of the tentorial incisura and straight ve-
nous sinus; aqueduct compression may cause
obstructive hydrocephalus. After IV contrast
medium administration, intense enhancement
is typically seen within the aneurysmally dilated
vessel which is smooth and well defined. In the
presence of thrombosis of this structure, vari-
able degrees of non-enhancement will be ob-
served.

On MRI the vascular malformation appears
hypointense on both T1- and T2-weighted se-
quences due to the rapid blood flow within the
abnormal vessels. The arteries that supply the
malformation can be reasonably well shown
with MRA. Conventional selective angiography
will still better define the arterial feeding ves-
sels and the draining venous structures and
may assist in presurgical planning (27, 32, 37). 

PREMATURE NEWBORNS

Subependymal and intraventricular haemor-
rhages are more frequently encountered in pre-
mature newborns than in those born at term (3,
5, 11). Babies with a gestational age of less than
35 weeks or a birth weight of less than 1.5 kg
have a higher risk of such haemorrhages, which
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commonly present during the second or third
day of life. The haemorrhage originates from
the germinal matrix that surrounds the lateral
cerebral ventricles. Small haemorrhages remain
confined to the subependymal regions, howev-
er, when the bleeding is larger it can extensive-
ly involve the cerebral parenchyma or rupture
into the ventricular system. Certain factors
make haemorrhage in this area more likely. The
vessels of the germinal matrix are fragile and
contain little connective tissue. This germinal
matrix begins to involute at approximately the
35th week of gestation. Until that time it has a
high arterial perfusion with consonantly elevat-
ed venous and capillary pressure.

Two clinical syndromes have been described
in association with subependymal and intraven-
tricular haemorrhage. The catastrophic syn-
drome has an acute onset and a rapid evolution
towards coma; the mortality rate is high. The
salt losing syndrome is a disorder of conscious-
ness, accompanied with a reduction in sponta-
neous movements, hypotonia and oculomotor
abnormalities; these signs evolve slowly and are
often followed by a period of stabilization fol-
lowed by a second phase of deterioration. The
mortality rate is lower for this syndrome than
for the catastrophic syndrome.

From the standpoint of medical imaging,
germinal matrix haemorrhages can be broken
down into 4 stages: stage I is characterized by a
small germinal matrix haemorrhages together
with a small intraventricular haemorrhage;
stage II is characterized by germinal matrix
haemorrhage accompanied by a large intraven-
tricular haemorrhage; stage III is characterized
by a subependymal haemorrhage, intraventric-
ular haemorrhage, and hydrocephalus; and,
stage IV indicates the spread of the parenchy-
mal haemorrhage into one or both cerebral
hemispheres.

The use of ultrasound, which can be per-
formed safely at the bedside, has lead to an in-
crease in the identification and characterization
of neonatal subependymal and intraventricular
haemorrhages. On ultrasound, stage I germinal
matrix subependymal haemorrhage appears as
a hyperechoic mass lesion, which is either uni-
or bilateral and is primarily located in the head

of the caudate nucleus. Generally speaking, in
order to be visualized, it must measure 4-5 mm
in diameter. A Stage II haemorrhage appears as
hyperechoic material within the lateral ventri-
cle(s). A stage III haemorrhage is represented
by a dilatation of the ventricular system and the
presence of intraventricular hyperechoic blood.
The intraparenchymal component of a stage IV
haemorrhage appears on ultrasound as an in-
tensely hyperechoic lesion located in the deep
white matter of the centrum semiovale.

Subsequent ultrasound scans will show pro-
gressive stages of resolution of the subependy-
mal-intraventricular haemorrhage. An exten-
sive haemorrhage can evolve over 2-3 months
towards the formation of porencephalic cysts
or the development of cystic encephalomalacia.

On CT, acute germinal matrix haemorrhages
appear as hyperdense foci, usually adjacent to
the lateral ventricle near the head of the cau-
date nucleus. MRI is also fairly sensitive and
specific in demonstrating acute germinal ma-
trix haemorrhage.

In premature neonates with the hypoxic-is-
chaemic syndrome white matter alterations are
also frequently detected: periventricular leuko-
malacia appears on ultrasound as widespread,
poorly defined hyperechoic periventricular re-
gions. These are especially prominent in the
ventricular trigone regions and adjacent to the
foramina of Monroe. The hyperecho findings
are due to oedema and petechial haemorrhage.
The abnormality is generally bilateral, but is of-
ten asymmetric. After 2-3 weeks, small cysts
form within the hyperechoic region that coa-
lesce to form a multicystic lesion, before col-
lapsing, fusing and being replaced by glial
scars. In this late phase of glial scarring the ul-
trasound findings are usually unremarkable.

During the acute phase of ischemia, CT can
be normal or can show a minor attenuation in the
parenchyma of the periventricular regions; dur-
ing the subacute phase it is only possible to iden-
tify medium-sized cysts, whereas chronic glial
scarring is not usually visible on CT (Fig. 6.1).

MRI is rarely used in the acute phase, how-
ever it is the best technique for highlighting
chronic periventricular leukomalacia. On T2-
weighted scans the residual glial scars localized
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to the periventricular areas appear hyperin-
tense. These areas generally border the ventri-
cles and typically spread into the adjacent white
matter in a flame-shaped configuration. A thin-

ning of the posterior body and splenium of the
corpus callosum are seen in the chronic phase
as a result of degeneration of the transcallosal
fibres, ventricular dilatation and atrophy of the
hemispheric white matter (Fig. 6.2).

INFANTS

Vascular malformations are the most com-
mon cause of haemorrhage in infants (15, 32)
and can be broken down into four main
types: arteriovenous malformations, venous
angiomas, capillary telangiectasias and cav-
ernous angiomas. The most common clinical
manifestations are headache and seizures
rather than haemorrhage; however, if the lat-
ter do occur, they may be subarachnoid, in-
traparenchymal or combined.

Arteriovenous malformations (AVM’s) con-
sist of an aggregate of abnormal vessels with
thin walls (i.e., nidus) in which there is direct
continuity between dilated arteries and veins
without the interposition of capillaries. Ap-
proximately 90% are superficial and are locat-
ed within the cerebral hemispheres. AVM’s are
responsible for up to 40% of spontaneous in-
tracranial haemorrhages in infants. The mortal-
ity rate associated with the rupture of an AVM
is approximately 10%.

On unenhanced CT, a typical AVM appears
as a heterogeneous area with slightly increased
density compared to the normal surrounding
parenchyma. After IV contrast medium admin-
istration, intense enhancement of the malfor-
mation and its afferent and efferent vessels is
observed.

On MRI the fast blood flow within AVM’s
creates flow voids on spin echo sequences. The
nidus appears as a tangle of tubular shaped
black vessels. However, in order to obtain an
accurate anatomical map of the vascular mal-
formation, an angiographic examination is re-
quired. Typically a tangle of small, irregular
blood vessels supplied by dilated and twisted
arteries and drained by dilated veins that fill
rapidly.

In the case of haemorrhage, unenhanced CT
details the haemorrhagic spread into the sub-
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Fig. 6.1 - Hypoxic-ischaemic injury in newborn. a, b) Unenhan-
ced CT shows widespread hypodensity of the subcortical and
periventricular white matter and enlargement of the cerebral
ventricular system.

a

b



arachnoid space, cerebral parenchyma and
cerebral ventricles. In severe cases haemor-
rhage can obscure the underlying vascular mal-
formation. In the acute phase the haematoma
appears hyperdense and relatively homoge-
neous (Fig. 6.3); in the chronic phase, en-
cephalomalacia, rarely accompanied by calcifi-
cations, may result. 

Cavernous vascular malformations consist of
a tangle of dilated vessels that do not possess
the characteristics of normal arteries or of
veins. With the exception that thrombi can be
present, the draining veins and arteries usually
have a normal calibre. The malformation may
contain small intrinsic areas of neural tissue.
Most of these lesions are located in the cerebral
parenchyma, and although they are usually iso-
lated they can also be multiple and have a fa-
milial pattern of expression. The clinical pres-
entation is typically seizures, but more rarely it
can be cerebral haemorrhage. In fact, subclini-
cal haemorrhages often occur. The diagnosis is
currently based on MRI due to the characteris-
tic imaging findings, including a mixed signal
core surrounded by a hypodense haemosiderin
ring on T2-weighted sequences.

Venous malformations are often incidentally
detected on MR or CT scans. The risk of
bleeds is generally low. MRI, which is more
sensitive than CT, shows a branching network
of small draining veins that unite to form a sin-
gle, large terminal vein. In the venous phase,
conventional angiography shows a collection
of abnormal veins (i.e., “Medusa head”) that
drain into a single large collecting vein before
emptying into a superficial cortical vein or dur-
al venous sinus.

Aneurysms are rare in children under the age
of ten years; males are more frequently affected
than are females. The clinical presentation is
typically a subarachnoid haemorrhage, howev-
er, some patients present with seizures.
Aneurysms in children under 2 years usually
originate from the anterior cerebral or the in-
ternal carotid arteries. Such aneurysms are usu-
ally larger than 1 cm in diameter.

CT at presentation shows an acute sub-
arachnoid haemorrhage. If the aneurysm is suf-
ficiently large it will demonstrate intense en-
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Fig.6.2 - Periventricular leukomalacia. A, b) Axial FLAIR MRI
shows an increase in the subependymal and periventricular whi-
te matter MR signal with sickle shape of the cerebral ventricles.
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hancement with a smooth, round or oval con-
figuration after IV contrast medium adminis-
tration. Internal thrombosis may be observed.
While MR and angio-MR better define the
aneurysm, conventional angiography defini-
tively visualizes the lumen and neck of the
aneurysm, and its relationship to the vessel of
origin.

ISCHAEMIA

Cerebrovascular occlusions may occur in ar-
teries, veins or capillaries, as a single acute
event, a recurrence or a progressive phenome-
non. They can be associated with a number of
pathological conditions including inflamma-
tion, infection, cardiac disease, neoplasia, trau-
ma, primary arterial dysplasia, vascular malfor-
mations and metabolic disease (26, 32).

The clinical symptoms vary according to the
age of the infant and the vascular territory in-
volved. The most common sign of internal
carotid occlusion is acute hemiplegia. A vascu-
lar occlusion in the vertebrobasilar circulation
can result in pyramidal and cerebellar signs,
hemiparesis, paralysis of the cranial nerves, lat-
eral conjugate deviation of the eyes, dizziness,
nausea and vomiting.

Acute phase CT is typically normal. After
24-48 hours the infarction appears as a hypo-
dense area with poorly defined margins and is
accompanied by varying mass effect. After the
second to third week, enhancement is usually
observed after IV contrast medium administra-
tion. In the later stages encephalomalacia,
porencephalic cyst formation and focal atrophy
are typical terminal sequelae.

MRI is more sensitive in detecting acute/sub-
acute postinfarction oedema, which appears 
hyperintense relative to the normal cerebral
parenchyma on T2-weighted sequences. MRA
(Fig. 6.4) may reveal vascular thrombosis of the
cranial circulation (Fig. 6.5).

Despite the fact that it is the most sensitive
technique for examining the cranial vascular sys-
tem, in infants angiography is reserved for se-
lected cases where it will clearly influence future
therapy or when the diagnosis is in doubt (12).
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Fig.6.3 - Intraparenchymal haematoma caused by AVM hae-
morrhage. a, b) Unenhanced CT demonstrates inhomogeneous
right frontoparietal intraparenchymal haemorrhage associated
with compression of the right lateral ventricle and contralateral
shift of the midline structures.
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THE MOYA-MOYA PHENOMENON

The moya-moya phenomenon (6, 32) is a
disorder that characteristically affects children
and adolescents. Approximately 70% of cases
are diagnosed within the first 20 years of life.
The disorder consists of an idiopathic pro-
gressive stenosis of the supraclinoid internal
carotid arteries. A prominent collateral circu-
lation is formed by small branches of the
rubrothalamic arteries and the lenticulostriate
arteries, resulting in an MRA and convention-
al angiographic appearance similar to that of a
puff or cloud of smoke (moya-moya means
foggy in Japanese).

The aetiology and pathogenesis are unknown,
although there are many pathological condi-
tions that are sometimes associated with moya-
moya type angiographic patterns (e.g., neurofi-
bromatosis, tuberculosis, Down’s syndrome,
tuberous sclerosis, prior radiation therapy,
etc.). Nevertheless, in certain cases the disease
presents as an isolated phenomenon. In infants,
moya-moya phenomenon clinically reveals
transient-relapsing ischaemic episodes, with the
appearance of neurological deficits and convul-
sions. In adolescents, headaches and cerebral
haemorrhages are the most common clinical
presentations.

Unenhanced CT typically reveals the pres-
ence of multiple cerebral infarcts in different
stages of evolution. In certain cases, enhanced
CT may demonstrate absence of visualization
of the proximal internal carotid vessels and the
vessels of the circle of Willis. These findings are
more clearly visible on MRI and MRA. Suffi-
ciently large collateral vessels are seen at the
base of the brain in the region of the basal gan-
glia (Fig. 6.6). In time regional cerebral en-
cephalomalacia and intracranial calcifications
may develop.

The definitive diagnosis is angiographic: the
supraclinoid sections of the internal carotid ar-
teries are stenotic or completely occluded as
may be the proximal segments of the anterior
and middle cerebral arteries. Distal to the oc-
clusion the collateral vessels appear as a tangle
of dilated, twisted vessels. The marked, dense
blood flow within these small collateral vessels
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Fig.6.4 - Ischaemia of the basal ganglia. a) Unenhanced CT
shows hypodensity in the head of the caudate nucleus and the
frontal aspect of the putamen on the right side, with involve-
ment of the anterior limb of the internal capsule. b) Corre-
sponding MRI. 
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Fig.6.5 - Left cerebellar ischaemia. a) Unenhanced CT scan shows minor cortical-subcortical hypodensity. b, c) Unenhanced T2-wei-
ghted MRI demonstrates areas of increased signal in the left cerebellar hemisphere and midbrain-pontine junction. d) Enhanced T1-
weighted MRI reveals breakdown in the blood-brain barrier following IV gadolinium administration. 
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can produce the typical cloud of smoke ap-
pearance.

FIBROMUSCULAR DYSPLASIA

This is a rare progressive idiopathic condi-
tion typically encountered in children and ado-
lescents and adult women. The most common
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Fig. 6.5 (cont.).

Fig.6.6 - Moya-Moya syndrome. a) coronal MR angiogram shows that the flow signal of the internal carotid arteries is not visible in
an intracranial vessels above the supraclinoid segments of the internal carotid artery siphons. b) MR angiogram reveals absence of
flow signal in the arterial vessels of the circle of Willis, which have been replaced by a number of small, irregular vessels at the base
of the brain. c) T2-weighted MRI demonstrates poor visualisation of the anterior and middle cerebral arteries and the presence of nu-
merous irregular vascular structures.
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form consists of concentric rings of mural fi-
brous proliferation and smooth muscle hyper-
plasia resulting in thickening of the media asso-
ciated with destruction of the elastic lamina. In
addition to the cervical and intracranial arter-
ies, this disease process can also affect the renal
arteries. The findings are frequently bilateral al-
though asymmetric. The diagnosis is an angio-
graphic one, having the appearance of a typical
string of beads pattern as a result of a series of
multiple constrictions alternating with dilata-
tions along the course of the artery involved.
Signs and symptoms may result from either dis-
section of the diseased vessel and/or thrombo-
sis as well as spontaneous intracranial haemor-
rhage. Intracranial aneurysms also may be asso-
ciated with this condition, and may themselves
lead to haemorrhage upon rupture.

CEREBROVASCULAR OCCLUSIONS SECONDARY
TO SYSTEMIC ILLNESSES

Venous thromboses, venous sinus throm-
boses and arterial embolic disease are not in-
frequent consequences of cyanogenic congen-
ital heart malformations, in particular tetralo-
gy of Fallot and the transposition of the great
vessels. The initial signs/symptoms are typi-
fied by the sudden onset of focal neurological
deficits and/or intracranial hypertension. Ve-
nous thrombosis is the most commonly en-
countered complication, often related to the
polycythaemia typically present in such pa-
tients.

Arterial embolism usually occurs as a conse-
quence of right-to-left vascular/cardiac shunts
or the presence of septic endocarditis. Falci-
form cell anaemia results in stroke in up to 8%
of cases, especially in the 5-10 year age group.
A condition of homozygous protein C deficit,
one of the components of the antithrombotic
system, may present in newborns with a purpu-
ra fulminans and cerebral venous/venous sinus
thrombosis.

The MELAS syndrome (i.e., mitochondrial
encephalomyopathy, lactic acidosis and stroke-
like episodes) presents with repeated migraine-
like events, with vomiting at onset and repeat-

ed stroke-like episodes later in the evolution of
the disease. Children may be short in stature,
with multisystem involvement. MR shows mul-
tifocal hyperintense areas on T2-weighted se-
quences that involve the cerebral cortex and
the subcortical white matter. MR spectroscopy
may demonstrate characteristic patterns with a
certain degree of specificity (25, 43, 45).

HEAD INJURIES

Head injuries (9, 18, 30, 33) are a not un-
common cause of disability and death in the in-
fant population. Approximately one in ten chil-
dren experiences posttraumatic loss of con-
sciousness during childhood. However, most
traumatic incidents are minor and do not re-
quire hospitalization or any specific treatment.
Falls are the most common cause of head in-
juries in children under ten and road traffic ac-
cidents are the most frequent cause in adoles-
cents.

Head injuries can be classified in various
ways: according to the general type of trauma
(e.g., closed or open), the location and extent of
the traumatic lesion (e.g., skull fracture, focal
intracranial lesion, widespread intracranial le-
sion) and the severity of the traumatic lesion
(e.g., minor, moderate, severe). The severity of
head injuries is clinically defined using the
Glasgow Coma Scale (GCS) score, modified to
suit children with the Paediatric Coma Scale.
Severe head injuries are associated with a GCS
score lower than or equal to 8, moderate head
injuries with a GCS between 9 and 13 and mi-
nor head injuries with a GCS score between 13
and 15.

MINOR/MODERATE DEGREE HEAD INJURIES

Patients with minor or no external signs of
trauma, who are awake and cooperative with a
normal orthopaedic and neurological examina-
tion, and who have no symptoms with the ex-
ception of slight headache and/or nausea-vom-
iting, do not necessarily require emergency
medical imaging examinations (e.g., skull x-ray,
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CT), but they should be hospitalized for an ob-
servation period of 24 hours. Should they re-
quire general anaesthesia in order to operate on
trauma to other body parts, cranial CT should
be performed prior to the surgery.

Brief immediate posttraumatic loss of con-
sciousness and/or confusion and disorientation
are not necessarily indicators of cerebral struc-
tural damage, however, CT should be consid-
ered in such cases.

In general, the indications for CT in cases of
minor/moderate head trauma include: the on-
set/progression of neurological signs; progres-
sive reduction of the level of consciousness; and
patients whose mental status is difficult to eval-
uate.

Currently, certain practitioners recommend
abandonment of the use of standing-order skull
radiography in favour of CT. However, certain
cases of minor/moderate head injury, and spe-
cific situations such as x-ray evidence of frac-
tures (e.g., depressed fracture, skull base frac-
ture, etc.), can mandate the need for hospital-
ization for clinical observation as well as for
emergency CT.

SEVERE DEGREE HEAD INJURIES

Children with severe head injuries have a
GCS of less than 9 and are incapable of fulfill-

ing simple commands due to their impaired
state of consciousness. The disability and mor-
tality associated to this type of trauma can be
dramatically reduced by the rapid initiation of
specific treatment (e.g., stabilization of the vital
functions, respiratory control, reduction of in-
tracranial hypertension) in order to curb the
consequences of the primary traumatic lesion
as well as the sequelae resulting from hypoten-
sion, hypoxia, hypercapnia, ischaemia and
oedema.

The initial imaging examination of choice in
cases of severe head trauma is unenhanced CT,
using 5 mm thick slices for the base of the skull
and posterior fossa, and 10 mm thick slices for
the remainder of the brain. Cervical spine CT
should also be included in the protocol. Dia-
gram 6.1 illustrates a recommended diagnostic
pathway (21).

Extracranial traumatic lesions

In newborns, the presence of a cephalo-
haematoma (i.e., subperiosteal scalp haematoma)
is most frequently a consequence of the applica-
tion of the forceps during delivery, but can 
also occur in 1% of unassisted vaginal births.
Cephalohaematomas appear on ultrasound, CT
and MRI as a crescent-shaped extracranial soft
tissue mass directly adjacent to the outer table of
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the skull, limited by the cranial sutures (Fig. 6.7).
On CT in the acute phase, cephalohaematomas
are hyperdense, becoming progressively hypo-
dense in the chronic phase. Calcification may oc-
cur late in the evolutionary process.

Another common post-partum posttraumat-
ic lesion is so-called caput succedaneum charac-
terized by haemorrhagic oedema of the scalp
secondary to a trauma occurring in the vagina
at the time of labour and delivery. They can be
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Fig.6.7 - Cerebral haematoma. a) T1-, b) T2-, c) T2*-, d) T1-weighted MRI shows a large extracranial haemorrhage in the right pa-
rietal region.
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distinguished from cephalohaematomas by
their superficial site and the fact that they tra-
verse the cranial suture lines.

The third type of extracranial posttraumatic
lesion encountered in newborns is the subgaleal
haematoma, which consists of a haematoma de-
lineated externally by the calvarial aponeurosis
that covers the scalp beneath the frontal and
occipital scalp muscles. 

Traumatic bony lesions

Fractures of the vertex and the base of the
skull can be linear or stellate, depressed or non-
depressed. Subgaleal haematomas are often as-
sociated with skull fractures of the calvaria.
Therefore the detection of such haematomas in
a child would indicate the performance of a
skull x-ray.

A “ping-pong ball” type depressed fracture
in newborns may be a consequence of the use
of the forceps during labour or due to falls
from a height. In most cases, cerebral pulsation

re-establishes the normal bone contour within
weeks of the initial injury. 

The so-called “growing fracture” or lepto-
meningeal cyst on the other hand occurs when
the leptomeninges are entrapped between the
edges of a skull fracture. Vascular and CSF pul-
sations result in the progressive enlargement of
the fracture site.
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Fig.6.8 - Acute extradural haematoma. CT shows a biconvex
extradural haemorrhage in the right frontoparietal region.
Marked mass effect upon the underlying cerebral structures is
present.
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Depressed skull fractures are a consequence
of major traumatic impact and are often associ-
ated with serious underlying cerebral injury.
Therefore, CT must always be performed even
when there are no clinical neurological signs or
symptoms. This being said, most depressed

fractures smaller than 1 cm in diameter do not
require surgical elevation. Fractures of the skull
base must be suspected in cases of periorbital
or retroauricular ecchymoses. They can some-
times be associated with oto- or rhinorrhea and
mandate the performance of a CT scan.
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Fig. 6.9 - Posterior fossa extradural haematoma. a) CT shows a fracture of the base of the skull involving the occipital bone on the
left with anterior extension into the left petrous bone. b, c and d) CT reveals a posterior fossa extradural haemorrhage with signs of
compression on the left cerebellar hemisphere and the 4th ventricle.
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Meningeal lesions

Epi- or extradural haematomas usually occur
following arterial laceration in the space be-
tween the inner and outer layers of the cranial

dura mater. The haematoma can potentially ex-
tend to the margins of the dura mater, only be-
ing delimited by the cranial sutures. These
haematomas appear as a sickle-shaped or bi-
convex/lens-shaped lesion in cross section on
CT (Figs 6.8, 6.9). Approximately 75% of
these haematomas are associated with overly-
ing skull fractures. If there are no other cranial
lesions, the patient may remain conscious and
devoid of neurological deficits until the in-
tracranial structures are significantly compro-
mised (i.e., the clinically lucid interval); if the
haematoma continues to enlarge, this early
phase if followed by a rapid deterioration in
consciousness and the onset of focal neurolog-
ical symptoms. At this point, surgical drainage
becomes imperative, and if performed swiftly
typically results in a good outcome. In infants,
the lucid interval may be longer and the clini-
cal signs less rapidly progressive. This is due, at
least in part, to the open state of the sutures in
infancy which allows for a limited expansion of
the cranial case in the presence of a growing
haematoma. About half of infants do not lose
consciousness. Another complication, anaemia
and hypovolemic shock, may be observed in
smaller babies.

Subdural haematomas are usually a conse-
quence of the rupture of the bridging veins be-
tween the brain and the dura mater. On CT
acute subdural haematomas appear as a cres-
cent-shaped extraaxial hyperdense collection
(Fig. 6.10). There may be associated lesions of
the underlying cerebral parenchyma. In pa-
tients under one year of age, peripheral sub-
dural haematomas, parenchymal haematomas
and/or parafalcian haematomas are typical of
the battered child syndrome. These findings
are in turn frequently associated with extracra-
nial soft tissue ecchymoses and cranial fractures
which are often star-shaped or depressed. Oth-
er bony structures may also be fractured in bat-
tered children, especially the ribs and limbs
(Fig. 6.11).

Shaking trauma is a common cause of in-
tracranial traumatic lesions. When babies are
grasped by the chest and shaken violently the
head is subject to intense whiplash and rotation
forces due in part to the relative weakness of
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Fig.6.10 - Acute subdural haematoma. Unenhanced CT shows
a) a left occipital skull fracture and b) an acute right frontal
subdural haematoma.



the muscles of the neck and to the dispropor-
tionate size of the head as compared to the
body at this age. This type of movement can
cause the rupture of the bridging veins. Inter-
hemispheric or convexity haematomas can
evolve into the chronic stage. In such cases CT
reveals low density blood collections, whereas
MRI shows low signal on T1-weighted scans
and high signal on T2-weighted sequences.

Neuroradiological investigations may reveal
the simultaneous presence of acute and chron-
ic haematomas, the consequences of repeated
traumatic abuse. Subarachnoid haemorrhage
and extradural haematomas are less frequently
encountered, being more typically an expres-
sion of direct, nonshaking trauma. Physically
abused children may also show a variety of
parenchymal lesions, including: oedema, non-
haemorrhagic contusions, and intraparenchy-
mal haematomas.

In subjects who have suffered severe rota-
tional forces, there may be a sudden rapid com-
pression of the cervical spinal cord with a con-
sequent contusion with or without haemor-

rhage, typically observed first at the grey-white
matter junction (10, 16, 24, 29).

Subarachnoid haemorrhage. In the more se-
vere cranial injuries, there may be a widespread
haemorrhage into the subarachnoid space,
which exposes the patient to the risk of subse-
quent development hydrocephalus due to ab-
normalities in CSF reabsorption. CT reveals
hyperdensity within the basal subarachnoid cis-
terns, the parietal subarachnoid spaces or the
interhemispheric fissure.

Posttraumatic parenchymal lesions

On CT oedema appears as a focal hypodense
lesion that is sometimes on the opposite side of
that of the traumatic impact. Alternatively, wide-
spread swelling associated with small ventricles
and flattening of the cerebral sulci against the
overlying inner table of the skull. Oedema can
also typically be detected on the periphery of
acute/subacute haemorrhagic lesions after the
first few hours following the event.

The malignant cerebral oedema syndrome is
encountered exclusively in children, with an av-
erage age at presentation of 6 years. The patho-
genesis is not clear, however it is probably re-
lated in part to a loss of cerebrovascular au-
toregulation with resultant uncontrolled hyper-
aemia. CT shows collapsed cerebral ventricles
and an obliteration of the cranial subarachnoid
spaces. Frank oedema is more clearly visible in
the peripheral regions of the cerebral hemi-
spheres; it is usual to observe relative sparing of
the basal ganglia, thalami and structures of the
posterior cranial fossa.

Cerebral contusion. Parenchymal contusion
is the manifestation of direct trauma to the
brain tissue. Its macroscopic appearance de-
rives from oedema, haemorrhage and necrosis.
On CT, the appearance of brain contusion de-
pends upon the components of the haemor-
rhage: in most cases haemorrhage appears as a
heterogeneous hyper- hypodense, mixed signal
lesion with indistinct margins. Multiple contu-
sions are the sign of widespread cerebral dam-
age. These extensive injuries are particularly
well shown on MRI.
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Fig.6.11 - Chronic subdural haematoma resulting from shaking
injury in child. Unenhanced CT demonstrates a chronic left he-
misphere subdural haematoma with a fluid-fluid level due to
the sedimentation of the haemorrhagic content. Also note the
signs of compression of the left lateral ventricle and shift of the
midline cerebral structures.



Diffuse axonal injury (DAI) is caused by ac-
celeration-deceleration phenomena that affect
different areas of the brain as the diffusion of
the forces are applied on impact. The appear-
ance of DAI on CT can vary from minor de-
grees having a reduction in the differentiation
between white and grey matter, small cerebral
ventricles and small quantities of intraventricu-
lar blood, to more severe situations with multi-
ple brain contusions, diffuse brain swelling,
disappearance of the basilar subarachnoid cis-
terns and involvement of the brainstem. The
initial CT appearance may lead to an underesti-
mation of the severity of the lesion, however the
patient’s clinical condition rapidly worsens.
DAI may progress over the first 48-76 hours of
the traumatic incident, making serial CT re-
evaluations necessary. A system for classifying
the severity of DAI has recently been proposed,
based on the obliteration of the basal subarach-
noid cisterns and on the degree of midline shift
when present (Tab. 6.1) (28, 42).

MRI is presently assuming a more important
role in the evaluation of paediatric patients
with acute head injuries. The advantages of the
technique include safety, multiplanar imaging
capability, excellent anatomical definition, ma-
jor blood vessel identification without using
contrast agents and critical posterior fossa
analysis absent of artefacts typically present on
CT. The technique’s main disadvantages are the
relatively long acquisition times and the unsuit-
ability of the method in critical patients requir-
ing continuous extracorporeal monitoring and
life support devices.

Therefore, with the exception of certain sit-
uations (e.g., very small extraaxial haematomas
over the cranial convexity or the posterior cra-

nial fossa, small contusions, DAI), the tech-
nique of choice in the acute phase of cranial
trauma remains CT. MRI is of greater diagnos-
tic utility in the subacute phase (e.g., suba-
cute/chronic haematomas that may be isodense
on CT, posttraumatic white matter lesions such
as DAI) and in the evaluation of late sequelae
(e.g., hydrocephalus, atrophy, monofocal/mul-
tifocal encephalomalacia) (46).

CNS INFECTIONS

CNS infections are a rather varied group of
disorders. Acute meningitis is an inflammation
of the meninges and the CSF spaces. En-
cephalitis is an inflammation of the cerebral
parenchyma. Encephalitis may result as an ex-
tension of a meningitic process or as a de novo
isolated event.

The associated clinical symptoms vary in
part with age: in children the onset is abrupt,
with fever, headache, vomiting, neck stiffness
and gait abnormality that may or may not be as-
sociated with disorders of consciousness. In
newborns and infants the clinical signs and
symptoms are dominated by alterations of be-
haviour and the sleep-wake pattern, digestive
disorders, hypotonia and tension/protrusion of
the cranial fontanels.

Meningitis

In the absence of complications, neuroradio-
logical investigations may not be useful in viral
meningitis (4, 35, 40). If performed, CT and
MRI may be entirely normal or may show evi-
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DEGREE OF CT APPEARANCE DEATH RATE
DIFFUSE LESION

I Normal 9.6%
II Cisterns present/Shift < 5mm 13.5%
III Cisterns compressed/Shift < 5mm 34%
IV Shift > 5mm 56.2%

Tab. 6.1.



dence of minor extraaxial fluid accumulation
surrounding the cerebral hemispheres (2). In
bacterial meningitis CT and MRI can be normal,
show an increase in the density of the CSF or
variable, diffuse enhancement of the meninges
after IV contrast medium administration.

During the course of the illness, the persist-
ence of fever and the appearance of seizures,
focal neurological signs and/or signs of in-
tracranial hypertension suggest the presence of
complications and indicate the need for the ex-
ecution of diagnostic imaging examinations. In
young infants with purulent meningitis (esp.
Haemophilus influenzae) it is possible to ob-
serve the formation of extraaxial subdural fluid
collections that may be either uni- or bilateral.
The pathophysiologic mechanism that leads to
the formation of such collections has not been
clarified. The fluid is serous-haematic, rich in
polymorphonucleocytes, and is usually sterile.
On CT, such collections show increased densi-
ty as compared to the normal CSF and follow-
ing IV contrast medium injection, enhance-
ment of the overlying meninges is typically ob-
served (Fig. 6.12). In most cases spontaneous
resolution of the extraaxial collections occurs;
more rarely, these collections become chronic,
may progressively increase and can undergo
fibrinous organization.

Approximately 90% of newborns with bac-
terial meningitis present with concomitant ven-
triculitis, an occurrence that is more rarely en-
countered in older children. On CT or MRI di-
latation of the cerebral ventricles is observed,
often associated with intense contrast enhance-
ment of the ventricular ependyma. Cerebral
parenchymal alterations can also be seen in cas-
es of purulent meningitis. Typically these alter-
ations are small superficial infarctions due to
septic microemboli. On CT these infarcts ap-
pear as hypodense, oedematous areas near the
grey-white matter junction. On occasion there
may be enhancement after IV contrast medium
administration. More widespread cerebral in-
farctions caused by septic thrombosis or spasm
of the major cerebral arteries are rare. 

Thromboses of the cranial venous sinuses,
especially the sagittal sinus, are only rarely en-
countered. Early in the process, CT demon-

strates hyperdensity of the venous sinus in-
volved. Subsequently, the thrombus becomes
isodense in relation to the cerebral parenchy-
ma; at this point the IV administration of con-
trast media shows an absence of enhancement
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Fig. 6.12 - Subdural hygroma associated with haemophilus me-
ningitis. CT shows a left hemispheric subdural hygroma with si-
gns of mass effect upon the midline structures.
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of the intraluminal thrombus (i.e., delta sign)
and marked enhancement of the collateral dur-
al venous draining structures. On MRI, throm-
bosis of a venous sinus appears as a hyperin-
tense signal on T1-weighted scans associated
with partial/complete loss of the normal flow
void within the sinus itself.

A possible complication of bacterial menin-
gitis and septic embolization is the formation of
a cerebral abscess. A parenchymal abscess ap-
pears as a heterogeneous mass resulting in the
displacement of adjacent structures. On CT
following IV contrast medium administration
there is typically peripheral enhancement in the
form of a thin, regular thickness ring surround-
ing a hypodense round-oval center. In more ad-
vanced stages, the abscess may be multilocular,
and adjacent secondary satellite abscesses may
be identified. The abscesses are typically locat-
ed at the grey-white matter junction.

On MRI, during the initial phases of abscess
formation, the wall of the lesion appears hyper-
intense on both T1- and T2-weighted sequences,
whereas the centre appears hypointense on T1-
and hyperintense on T2-weighted images. In
mature abscesses, the wall is isointense on T1-
weighted scans and markedly hypointense in T2-
eighted acquisitions; the necrotic central portion
is slightly hypointense on T1-weighted and hy-
perintense on T2-weighted scans. The enhance-
ment pattern after IV contrast medium injection
is the same as that described for CT.

Tuberculous (TB) meningitis is today a rela-
tively rarely encountered disease process in in-
dustrialized countries, although with the AIDS
epidemic, the infection is once again on the rise
in incidence. TB meningitis has a bimodal dis-
tribution, affecting young infants and the elder-
ly. The involvement of the central nervous sys-
tem results from haematogenous dissemination
of the bacilli, usually from a site in the lung; TB
meningitis in infants almost always coincides
with primary pulmonary TB. The clinical pres-
entation in this young age group often differs
from that of classic bacterial meningitis (e.g.,
inconsistent fever, stiff neck, headache, non-spe-
cific prodromal signs, greater incidence of focal
neurological deficit, involvement of the cranial
nerves, disorders of consciousness including

coma). The involvement of the meninges can be
secondary to the rupture of a small tuberculo-
ma of the adjacent cerebral cortex or spinal
cord, or to direct haematogenous dissemination
to the meninges. A gelatinous exudate fills the
basal subarachnoid cisterns; vasculitis and
thrombosis of the lenticulostriate and thalam-
operforating arteries frequently result from this
exudate and communicating hydrocephalus is
common (i.e., 50-75% of cases).

The typical CT finding in TB meningitis is
homogeneous hypodensity within the basal sub-
arachnoid cisterns, with marked enhancement
after IV contrast medium administration. MRI
shows a hyperintensity of the basal cisterns on
T1-weighted sequences. Septic emboli leading
to the formation of tuberculomas localized at the
grey-white matter junction may be isolated or
multiple and supra- and/or infratentorial. On
CT tuberculomas appear hypodense with indis-
tinct margins with mass effect and intense en-
hancement after IV contrast medium injection.

The differential diagnosis in such cases in-
cludes other forms of granulomatous/neoplas-
tic meningitis, such as cryptococcosis, coccid-
ioidomycosis, sarcoidosis and diffuse carcino-
matosis.

Encephalitis

Viral encephalitis (23, 34, 36, 44) caused by
HSV1 (herpes virus 1) is one of the most com-
mon forms of cytotoxic encephalitis encoun-
tered in infancy and childhood. The clinical syn-
drome in infants is characterized by the pres-
ence of fever, seizures that are often unilateral,
disorders of consciousness including coma and
focal neurological signs. In newborns, patients
may be asymptomatic, but the ultimate mortali-
ty is higher than in the older age groups. The di-
agnosis is based on CSF data (e.g., the presence
of specific IgM antibodies, the demonstration of
viral replication through PCR), EEG recordings
(e.g., temporal, periodic, slow wave abnormali-
ties) and medical imaging findings. 

CT is the first diagnostic imaging examina-
tion performed in emergency situations in these
cases. The initial findings may be negative, in
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part due to the relatively poor resolution of the
temporal fossae as a result of bone-related arte-
facts. A negative CT examination must not ex-
clude immediate, specific antiviral treatment.

Some days later, CT may show hypo- hyper-
density of one or both temporal lobes, oede-
ma/mass effect and sometimes contrast en-
hancement.
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Fig. 6.13 - Herpes encephalitis. a, b) CT shows cortical and subcortical temporal-insular hypodensity with signs of associated cere-
bral swelling. Corresponding c) coronal T2-weighted and d) sagittal T2-weighted MRI in the subacute phase.
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MRI is far more sensitive in detecting these
parenchymal alterations, even within the first
24-48 hours from onset of the event. In the
acute phase after contrast medium administra-
tion selective enhancement of the hippocampus
may be observed, demonstrating the affinity of
the virus for the hippocampal, parahippocam-
pal and insular cortex. In the case of wide-
spread infection, MRI may reveal lesions in the
central/anterior temporal cortex, the insula and
the grey matter nuclei of the cerebral hemi-
spheres (Fig. 6.13). At a later stage, MRI shows
atrophy in one or both of the two amygdaloid
nuclei (70-80% of cases) associated with hip-
pocampal atrophy. Overall, CT shows a sensi-
tivity of 73% and a specificity of 89% during
the first 5 days of the illness and 90% and 92%
respectively from the 6th day onwards. Howev-
er, there are many other pathological condi-
tions that can simulate herpesvirus encephalitis
including cerebritis, early abscess formation,
TB meningoencephalitis, cryptococcosis and
even some brain tumours.

In newborns, the most frequently encoun-
tered form of herpesvirus encephalitis is HSV
type 2. This viral particle is transmitted to the
infant during delivery via an infected birth
canal. The risk of such infection is greater dur-
ing delivery, whereas intrauterine infection is
rare. The typical clinical manifestation is rep-
resented by a mucocutaneous vesicular erup-
tion; without treatment, 75% of cases evolve
into encephalitis. The disease usually presents
during the second week of life. Common clin-
ical signs and symptoms include poor ap-
petite, lethargy, seizures, fever and signs of
sepsis.

On CT and MRI the most frequent finding
of herpes encephalomyelitis is focal oedema lo-
calized in most cases in the temporal lobes.
However, these patients may also present with
involvement of the frontal or parietal lobes or
even the entirety of one or both hemispheres.
In the later phases, widespread cortical atrophy
with areas of porencephalic cyst formation is
the most common finding; calcifications both
in the cortex and the white matter are also fre-
quently observed. There is cerebellar involve-
ment in 50% of cases.

Acute Disseminated Encephalomyelitis 

Acute disseminated encephalomyelitis (ADEM)
is a demyelinating disorder associated with a pre-
vious viral infection or antiviral immunization that
acts through an autoimmune mechanism (17, 31).
Many viral infections can precede ADEM, includ-
ing measles, mumps, chickenpox, influenza, viral
hepatitis and also infections from Campylobacter,
mycoplasm, and rarely streptococci.

The clinical onset is characterized by the
sudden appearance of signs and symptoms in-
volving scattered areas of the CNS associated
to headache and dizziness and, more uncom-
monly, minor fever. MRI shows multifocal de-
myelinating lesions, sometimes of considerable
size, which can pose problems of differential
diagnosis with MS (Fig. 6.14). However, the
clinical pattern is monophasic; there is a ten-
dency towards slow resolution over time. Typi-
cally there are residual chronic areas of gliosis
on imaging studies.

INTRACRANIAL HYPERTENSION 

Normal intracranial pressure is the result of
the pressures exerted by the cerebral parenchy-
ma, blood vessels and CSF; on average, the
cerebral tissue and the support structures occu-
py 70% of the intracranial volume, whereas the
vascular component, CSF and interstitial water
portion account for 10% each of the remain-
der. Intracranial hypertension in children is de-
fined as a condition in which intracerebral
pressure is higher than 15 torr in babies or
more than 7 torr in newborns (1, 20, 39).

As in adults, regarding pathophysiology there
are three different potential sources of intracra-
nial hypertension: abnormalities of the cerebral
parenchyma, the CSF compartment and the vas-
cular tissue. The previous chapter should be
consulted for parenchymal and vascular causes;
attention will be paid here to the CSF compart-
ment, and in particular, hydrocephalus.

The clinical characteristics with which in-
tracranial hypertension presents are variable,
depending on the compensating mechanisms
and the age of the patient. 
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Compensated intracranial hypertension

The signs and symptoms of intracranial hy-
pertension include headache, vomiting and vi-
sual problems as well as other less specific con-
ditions such as tinnitus, dizziness, behavioural

alterations, irritability, mood swings, and sys-
temic vasomotor abnormalities that are mani-
fested by paleness or intense flush.

The headache may present in a frontoorbital
or occipital location, often has an intermittent
character, and it tends to worsen with the evo-
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Fig. 6.14 - Acute disseminated encephalomyelitis (ADEM). a,
b) CT demonstrates areas of hypodensity of the subcortical
white matter. c-e) axial T2-weighted and d) coronal T2-weigh-
ted MRI reveals regions of signal alteration in the subcortical
white matter with associated mass effect.
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lution of the illness. In cases where there is a
mobile intraventricular mass lesion, the
headache has a positional character whereby
head movements can alter its intensity. These
headaches are refractory to even the most pow-
erful analgesics. The vomiting is sudden and
“projectile” in character, and is not preceded
by nausea; it is often the first sign of illness.

Visual involvement is represented by hori-
zontal diplopia caused by a uni- or bilateral
paralysis of the 4th cranial nerves; the 3rd cranial
nerves are less frequently affected. On occasion
there may be a frank reduction in vision, al-
though this suggests an unfavourable course
that can lead to ischaemia of the optic nerve
and permanent loss of sight. Ophthalmoscopic
examinations may detect papillary oedema
when intracranial hypertension has been pres-
ent for some days; whitish exudates along the
course of the peripapillary vessels may be ob-
served together with flame-shaped haemor-
rhages of a venous origin, both of which are
negative prognostic factors relative to irre-
versible visual loss.

Patients with elevated intracranial pressure
may present with anoxic-ischaemic attacks sec-

ondary to low cerebral perfusion pressure.
These events have a limited duration and a
complete remission; clinically an intense asthe-
nia can be observed, together with problems of
vigilance, changes in muscle tone and extremi-
ty tremors. If intracranial pressure is higher, in-
ternal herniation of the cerebral parenchyma
may occur, which in turn can lead to serious
clinical consequences. According to the anatom-
ical site, these internal herniations include: lat-
eral herniation of the cingulate gyrus beneath
the free edge of the falx cerebri, lateral midline
shifts, downward herniation of the structures of
the medial temporal lobe through the tentori-
um cerebelli, downward herniation of the cere-
bellar tonsils through the foramen magnum,
downward herniation of the diencephalon and
the brainstem, and upward herniation of the
posterior fossa contents through the tentorium
cerebelli.

The clinical presentations can be subdivided
into central, temporal or cerebellar involve-
ment. In central involvement, the clinical signs
include:
– diencephalic: disorders of consciousness, al-

teration of muscle tone, absence of photo-
motor reflex, myosis, Cheyne-Stokes respi-
ration;

– mesencephalic: coma, decerebration, Cheyne-
Stokes respiration or shallow hyperventila-
tion, non-reactive pupils, altered ocular-
vestibular reflex;

– pontine: rapid shallow breathing, non-reac-
tive pupils in intermediate position, absence
of oculovestibular reflex;

– medullary: slowed breathing alternating
with phases of apnoea and gasping, dilated
non-reactive pupils. 

In temporal involvement, the clinical signs
include:
– ipsilateral/bilateral pupil dilation caused by

the compression of the 3rd cranial nerve(s);
– contralateral hemiplegia or hemiparesis due

to the compression of the cerebral pedun-
cles;

– cortical blindness due to haemorrhagic in-
farction of the mid-inferior portion of the
occipital lobe secondary to the compression
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of the ipsilateral posterior cerebral artery
against the free edge of the tentorium cere-
belli;

– bradycardia, disorders of consciousness, de-
cerebrate posturing and hyperventilation in
response to nociceptive stimuli secondary to
compression of the brainstem.

In cerebellar involvement, the clinical signs
include:
– opistotonus;
– nystagmus.

The clinical picture will vary yet more if the
intracranial hypertension occurs before closure
of the cranial sutures. Tab. 6.2 shows the clini-
cal difference between an acute increase of the
intracranial pressure in children over and un-
der the age of two.

Clinical presentation in children 
under two years of age

Intracranial hypertension presents physical-
ly with a rapid increase in the skull circumfer-
ence; repeated measurements are particularly
important as the rapidity of growth provides an
estimate of the degree of severity.

Clinically, macrocephalia (defined as skull
circumference >98° percentile or >2 standard
deviation than average for that age) is manifest-
ed by symmetric enlargement of the cranium.
The anterior fontanel is tense or even outward-

ly bulging and pulsating. The cranial sutures
are widened and palpable, the scalp appears
thin and the superficial veins are dilated.

Ocular examination may show a “setting
sun” phenomenon, characterised by a con-
joined deviation of the glance downwards so
that the iris is covered by the lower eyelid,
whereas the sclera is exposed at the top; nys-
tagmus, proptosis and a reduction in the pupil-
lary reflex to light complete the clinical picture.

Clinical presentation in children 
over two years of age

Intracranial hypertension that arises later in
childhood presents with signs and symptoms
that include: headache on awaking that im-
proves when in an erect position, vomiting, pa-
pilloedema, strabismus, cerebellar signs and
motor spasticity. Moreover, the chronic com-
pression of the hypothalamic-pituitary axis
caused by the dilatation of the inferior recesses
of the 3rd ventricle can cause endocrine abnor-
malities.

Hydrocephalus

Making a diagnosis of the precipitating
cause of hydrocephalus (1, 22, 39) is important
as the prognosis is in part connected to the
mechanism that caused the ventricular dilata-
tion. Estimates in paediatric cases indicate that
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Specific signs Common signs Specific signs

Child under 2 Child over 2

Papilloedema Mental alterations Headache
Macrocrania Strabismus
Tense fontanelle Signs of cerebral herniation

«Setting sun» sign

Suture diastasis Alteration of vital parameters Papilloedema

Tab. 6.2.



38% of cases are caused by congenital cerebral
malformations, 20% by neoplasia or other
space-occupying lesions, 15% by haemor-
rhages, 7% by meningitis and the remainder by
undetermined conditions.

From the standpoint of pathogenesis, there
are two types of hydrocephalus: that due to an
excessive production of CSF and that due to an
obstruction of flow or insufficient absorption
of CSF (Fig. 6.15).

Congenital cerebral malformations

Congenital hydrocephalus may result from a
variety of cerebral malformations:
– Dandy-Walker malformation: enlargement

of the 4th ventricle accompanied by partial or
complete agenesis of the cerebellar vermis;
in many cases hydrocephalus is not present
at birth but develops during the first year of
life;

– Neural tube closure defects;
– Cerebral aqueduct stenosis;
– Arnold-Chiari malformations: especially

type II, in which in addition to the cere-
bral malformation myelomenigocele is also
present;

– Malformation of the vein of Galen: com-
pression of the aqueduct of Silvius resulting
from aneurysmal dilation of the vein of
Galen;

– Premature craniosynostosis.

Neoplasia and space-occupying lesions

The manner in which a space-occupying le-
sion within the cranium produces signs and
symptoms is partially linked to the position of
the mass and its rapidity of growth.

Neoplasia is a relatively common cause of
hydrocephalus in infancy. The location of
brain tumours during childhood is somewhat
age-dependent: in the first six months of life
neoplasia has a preferential supratentorial lo-
calization; between the 7th and 12th months tu-
mours have a balanced incidence of supra-
subtentorial localization; and after the first

year of life, neoplasia is typically localised in
the posterior fossa. 

The most common primary neoplasia in this
young age group includes medulloblastomas,
ependymomas and those tumours recently de-
fined as “scarcely differentiated embryonic tu-
mours”. Papillomas of the choroid plexuses, al-
though only representing 2-5% of intracranial
tumours in childhood, often result in hydro-
cephalus due to an excessive production of
CSF. Typically they are located in the lateral
ventricles and less frequently in the 3rd and 4th

ventricles.

Haemorrhages

Haemorrhage can cause hydrocephalus for
various reasons. In the acute phase blood clots
may cause an intraventricular obstruction; in
the chronic phase obstruction may be the result
of meningeal adhesions or granular ependymi-
tis. Spontaneous haemorrhages arise most fre-
quently in preterm newborns.

Infectious processes

Acute or chronic meningeal infections may
precipitate hydrocephalus if adhesions and
subarachnoid pathway stenosis arise. The types
of meningitis most frequently responsible for
hydrocephalus include toxoplasmosis, cyster-
cercosis and tubercular meningitis.

Neuroimaging techniques (e.g., ultra-
sound, CT and MR) are fundamental in de-
termining the presence and aetiology of hy-
drocephalus. In complex abnormalities, the
site of the obstruction can be documented us-
ing a CT utilizing intrathecal contrast medi-
um, administered via lumbar puncture. A
uterine diagnosis of hydrocephalus using pre-
natal ultrasound has potential therapeutic im-
plications.

Dilated ventricles under normal pressure
can be associated with passive cerebral atrophy
(i.e., ex vacuo ventricular dilatation), cerebral
malformations (e.g. developmental cerebral
white matter hypoplasia such as lissencephaly
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and culpocephaly) and arrested, non-progres-
sive hydrocephalus. The radiological character-
istics that suggest a high pressure hydro-

cephalus include compressed superficial sulci
and periventricular oedema (i.e., transependy-
mal CSF absorbtion/penetration).
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Fig. 6.15 - Communicating hydrocephalus. a and b) CT shows marked dilatation of the entire cerebral ventricular system. c) axial PD-
weighted MRI again demonstrates the marked ventricular dilatation. d) Sagittal T1-weighted, and d, e) sagittal T2-weighted MRI re-
veals the patency of the aqueduct of Sylvius, ventricular dilatation, thinning and upward expansion of the corpus callosum, and ex-
pansion of an “empty” the sella turcica. In the posterior fossa, note the enlargement of the extraventricular cranial subarachnoid spa-
ces and a prominent cisterna magna.
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Cerebral neoplasia in childhood

Generally speaking, intracranial neoplasia
(7, 8, 13, 19, 22, 38, 41) in childhood represents
the most frequent group of neoplasia after
leukaemia. The diagnosis of neoplasia is con-
firmed by neuroimaging techniques. The clini-
cal signs and symptoms vary with age, the
child’s neuropsychiatric condition and tumour
location. The most common clinical manifesta-
tions are those that can be attributed to in-
tracranial hypertension, although focal signs
may be present and suggest the site of the pri-
mary lesion.

In most cases, MRI with or without IV con-
trast agent administration or CT after IV con-
trast medium injection can of course provide
excellent definition of space-occupying lesions
of the brain. MRI in particular is able to reveal
lesions that are situated in regions that may be
difficult to visualize using CT (e.g., posterior
fossa, spinal canal). T1-weighted images pro-
vide an excellent definition of the anatomy and
T2-weighted acquisitions clearly identify both
the tumour and the surrounding oedema when
present. Long image acquisition times and the

need for sedation represent limiting factors of
MRI in smaller children.

Other diagnostic techniques tend to be less
valuable: angiography provides information re-
garding the vascularization of the tumour and
excludes the possibility of a vascular malforma-
tion; MRA replaces this examination in many
cases of gross hypervascularization.

Analytical details concerning the various
forms of cranial neoplasia are provided in oth-
er chapters; we will therefore presently discuss
the neuroradiological characteristics of the tu-
mours most frequently encountered in the pae-
diatric population.

Medulloblastoma

This is the most frequent type of neoplasm
encountered in the posterior fossa during in-
fancy. Up to 40% of medulloblastomas are di-
agnosed in children five years of age or under.
The main signs and symptoms include nausea,
vomiting, headache, ataxia and macrocephaly.
On CT, medulloblastomas are typically well-de-
fined mass lesions originating from the cerebel-
lar vermis with or without extension into the
cerebellar hemispheres. On unenhanced CT,
these tumours are hyperdense lesions sur-
rounded by a perilesional hypodense oedema.
Contrast enhancement of the neoplasm may be
homogeneous or irregular. In up to 20% of cas-
es, medulloblastomas contain cystic or necrotic
areas and more rarely calcifications. In a high
percentage of patients the compression or inva-
sion of the 4th ventricle results in obstructive
hydrocephalus. On MRI the mass is typically
hypointense on T1-weighted images and slight-
ly hyperintense on T2-weighted sequences in
relation to the normal cerebellar parenchyma.
Considerable enhancement of the tumour is
usually observed after IV gadolinium injection
(Fig. 6.16).

Cerebellar Astrocytomas

Astrocytomas can originate in any point of
the cerebellum and spread to the cerebellar
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hemispheres in 30% of cases. They are general-
ly quite large, of a primarily cystic nature (e.g.,
pilocytic astrocytomas), but can also be solid
with or without an intrinsic necrotic area.

On CT or MRI cerebellar astrocytomas in
this age group typically present as a voluminous

mass with a vermian or hemispheric location.
They are frequently cystic and slightly hypo-
dense on unenhanced imaging studies. After IV
contrast medium administration, there is en-
hancement in up to 50% of cases. On MRI the
solid components are typically hypointense on
T1-weighted images and hyperintense on T2-
weighted acquisitions. The signal characteris-
tics of the cystic components depend on the
content of the cavity. Uncomplicated, simple
cysts yield an MR signal similar to that of CSF;
intracystic necrotic material on the other hand
produces a signal on T1-weighted images that
is slightly hyperintense in comparison to CSF,
which becomes yet more hyperintense on T2-
weighted sequences.

Papillomas of the choroid plexus

These tumours represent 5% of supratento-
rial tumours and less that 1% of intracranial
neoplasia in infants. This type of neoplasia orig-
inates from the epithelium of the choroid
plexus and has papillary and/or carcinomatous
characteristics. Signs and symptoms can be sec-
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Fig.6.16 - Obstructive hydrocephalus associated with posterior
fossa medulloblastoma. a) sagittal, b) axial and c) coronal T1-
weighted MRI following IV gadolinium administration reveals
inhomogeneous enhancement of a midline posterior fossa mass
associated with poorly defined borders and with signs of com-
pression of the 4th ventricle and brainstem. Note the early ob-
structive hydrocephalus. 
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ondary to hydrocephalus as well as local cere-
bral infiltration.

On CT choroid plexus papillomas appear
as intraventricular masses with irregular
boundaries and are generally isodense in rela-

tion to the cerebral parenchyma; they are on
occasion hyperdense and may show peritu-
moural oedema. After IV contrast medium
administration, one may observe a somewhat
homogeneous enhancement of the lesion. Of-
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Fig.6.17 - Papilloma of the choroid plexus. a) CT shows an intraventricular mass lesion associated with obstructive hydrocephalus.
b) PD-weighted and c) T2-weighted MRI shows an intraventricular mass lesion with inhomogeneous signal on long TR sequences, in
part possibly due to intratumoural macroscopic neoplastic vasculature. Also noted is obstructive hydrocephalus and signs of transe-
pendymal resorption of CSF. d) digital angiogram confirms the neovascularisation of the intraventricular neoplasm.
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ten, the papillomatous forms are associated
with severe hydrocephalus. On MRI, these tu-
mours appear homogeneous or non-homoge-
neous in intensity; the mass can be better vi-
sualized on T1-weighted scans; on both con-
trast enhanced studies and T2-weighted imag-
ing the tumour and the CSF appear hyperin-
tense and are therefore poorly differentiated
(Fig. 6.17).

Pseudotumour cerebri 
(benign intracranial hypertension)

Pseudotumour cerebri (14) is a condition of
intracranial hypertension whose salient clinical
signs and symptoms are represented by
headache, papilloedema, diplopia and progres-
sive visual loss. The CSF reveals a high protein
but a normal cellular composition.

Pseudotumour cerebri can be precipitated
by a number of factors including obesity, var-
ious medicines (e.g., antibiotics, vitamin A
and indometacin), and endocrinopathy, al-
though most frequently it remains a patholog-
ical condition of unknown aetiology that is
most commonly encountered in infants and
adult female.

Neuroimaging techniques represent the de-
finitive diagnostic method of patient evalua-
tion by enabling the exclusion of neoplastic
causes and cases resulting from thrombosis of
the cranial dural venous sinuses. The diagno-
sis is made by showing normal cranial imaging
findings; an ancillary imaging sign is disten-
sion of the optic subarachnoid space within
the sheaths of the optic nerves, and in 1/3 of
cases, an empty sella. In most cases, the treat-
ment is medical (e.g., diuretics, steroids, and
CSF drainage); patients usually recover, how-
ever permanent visual loss or even blindness
may ensue in untreated cases.
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acquired hepatocellular 
degeneration (AHCD)  245

acute disseminated 
encephalomyelitis (ADEM)  366,
391, 392

acute transverse myelitis  365
ADC, see apparent diffusion coeffi-

cient
ADEM, see acute disseminated en-

cephalomyelitis
AHCD, see acquired hepatocellular

degeneration
alcoholic  32, 242
– encephalopathy  241
anaemia  34
anaplastic choroid plexus 

papilloma  222
anastomosis  94
aneurysm  112, 121
– Charcot-Bouchard  42
– in children  375
– multiple  49
– of the basilar artery  55
– of the circle of Willis  49
– of the distal vertebral 

cerebellar artery  55
– of the middle cerebral 

artery bifurcation/trifurcation  55
– of the pericallosal artery  56
– of the posterior inferior  cerebellar

artery  55
– of the supraclinoid internal carotid

artery  55
– rupture  28, 31, 52, 53, 89
– – of the anterior communication ar-

tery  54
aneurysmal bone cyst  341
angiography  4
– conventional  117
– in infants  376
angioplasty
– internal carotid artery  126

– left subclavian artery  125
– middle cerebral artery  127
– percutaneous  122
anoxia  269
anterior communication artery  54
aortic coarctation  112
apparent diffusion coefficient (ADC)

66, 74
aqueduct of Sylvius  149, 158, 204
aqueductal stenosis  205
arachnoid
– cyst  352, 353
– villi  198
Arnold-Chiari malformation  206, 207,

395
arterial
– embolism  380
– thrombosis  14
arteriovascular malformation rupture

28
arteriovenous
– fistula  156
– malformation (AVM)  25, 31, 53, 115
– – in infants  374
articular abnormality  300
astrocytoma  218, 234, 353
ataxia  243
atlanto-occipital dislocation  303
atrophy  32
AVM, see arteriovenous malformation
axial
– compression trauma  316
– herniation  200
axonal injury  167

back pain  338
bacterial
– encephalitis  25
– meningitis  388
BAEP, see brainstem auditory evoked

potential
basilar artery  55

benign tumour  339
bleeding  87
blood
– clot  36
– – liquefaction  151
– CSF  46
– high pressure  29
– proton  102
blood–brain barrier breakdown  15
B-mode echotomography  94
bone scintigraphy  338
bony spinal canal stenosis  338
brachiocephalic vessel  103
brain
– contusion  148
– death  177, 261, 263, 265, 275
– haemorrhage  17
– lesion  131, 137
– perfusion  76
– swelling  203, 257, 263, 264, 281
– trauma  263
– tumour  229, 391
brainstem  255, 393
– auditory evoked potential (BAEP)

268, 276
– – determination  268
– lesion  171
– perfusion  271
– traumatic lesions  146
burst fracture  316

CAA, see cerebral amyloid angiopathy
campylobacter  391
capsulo-putaminal haematoma  37
caput succedaneum  382
carbon monoxide intoxication  250
carotid ratio (CR)  96
catastrophic syndrome  373
cavernous
– angioma  364
– vascular malformation in children

375
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cavum septi pellucidi  55
CBF, see cerebral blood flow
central nervous system (CNS)  241
– infection  387
– toxin  241
central spinal canal  323
centrum semiovale  152
cephalohaematoma in newborns  381
cerebellar astrocytoma in childhood

397
cerebellum diaschisis  269
cerebral
– abscess  389
– amyloid angiopathy (CAA)  33
– angiography  229, 277
– aqueduct stenosis  395
– blood flow (CBF)  255, 276
– contusion  167, 386
– haematoma  382
– haemorrhage  33, 118, 119
– herniation  200
– infarction  58, 118
– ischaemia  7, 58, 63, 117, 119, 260,

267, 269
– metastases  236
– microcirculation damage  66
– neoplasia in childhood  397
– oedema  155, 176, 201, 261, 267,

279, 286
– perfusion  64
– – pressure (CPP)  276
– swelling  175
cerebrospinal fluid (CSF)  18, 28, 90,

195, 275
– fistula  288, 289
– leakage  160, 291
– production  198
cerebrovascular disease in infants and

newborns  371
cervical
– disectomy  290
– laminectomy  290
– spine  288
– – fracture  180
– – trauma  308, 313
– – flexion trauma  330
Charcot-Bouchard aneurysm  42
chemical
– arachnoiditis  57
– shift  80
choline (Cho)  80
chondrosarcoma  341
choroid plexus papilloma  234
chronic alcoholics  32
circle of Willis  12, 52, 94, 105
– aneurysm  49
circulatory system shock  292
cisternal hyperdensity  52
clot
– density  36
– lyses  14
clotting  91
– and platelet disorder  372
CNS, see central nervous system
coiling  95, 98
coma  179, 245, 253, 271
– depassée  275
– high grade  180

– irreversible  275
– low grade  181
– postanoxic  265, 269
– posttraumatic  267
comma-shaped haematoma  56
commissural lesion  170
communicating hydrocephalus  207,

209, 396
complete ictus  3
compression ischaemia  154
computed tomography 

(CT)  4
– angiography  5, 53
– coma  253
– myelography  334
– scanogram  312
– semeiotics  8
– spinal structures  302
congenital hydrocephalus  395
continuous wave (CW)  95
contrast
– enhancement (CE)  19, 103
– medium  43, 57, 139, 277
contusion  166
– cerebral  167
– cortical  142
– haemorrhagic  166
– haemorrhagic  173
– non-haemorrhagic  166
– of the brain  148
contusion-shearing injury  168
conventional angiography  117
corpus callosum  142
cortical
– contusion  142
– sulcus  50
cortico-medullary junction  153
CPP, see cerebral perfusion pressure
CR, see carotid ratio
cranial
– injury  182
– neoplasia  235
– trauma  132
– – closed  137
– – contrast medium  139
– – open  137
craniectomy  284, 286
craniopharyngiomas  213
craniotomy  284, 287
cranium  182
cryptic angioma  35
– rupture  31
cryptococcosis  391
CsA, see cyclosporin A
CSF, see cerebrospinal fluid
CT, see computed tomography
CW, see continuous wave
cyclosporin A (CsA) intoxication  249
cyst, leptomeningeal  25, 160
cystic
– formation  25
– myelomalacia  322
cytotoxic oedema  13, 66, 69, 202, 261
DAI, see diffuse axonal injury
Dandy-Walker malformation  395
deep grey structure
– traumatic lesions  146
deoxyhaemoglobin  35, 165, 217, 328

depressed skull fracture  384
Devic’s disease  357
diabetes insidipus  160
diencephalon  393
diffuse axonal injury (DAI)  140, 145,

259, 260, 387
diffusible tracer  64
diffusion weighted
– factor  66
– imaging (DWI)  5, 73, 79
digital subtractive angiography (DSA)

101, 118
diplopia  196, 393
disk abnormality  300
diskitis  341
disorder of recent memory  196
distal vertebral cerebellar artery  55
Doppler-effect echotomography  95
DSA, see digital subtractive angiogra-

phy
dura mater  140, 148
Duret haemorrhage  158
DWI, see diffusion weighted imaging
dysfunction  255

ECD, see echo-colour-Doppler
echo planar imaging (EPI)  65, 59
echo-colour-Doppler (ECD)  95
echo-Doppler (Duplex)  95
ectodermal tumour  230
embolism  14, 70, 93
embolus  64
embryogenic tumour  230
emergency surgery  134, 165
empty delta sign  24
encephalitis  387
– bacterial  25
– herpes  390
– viral  25, 389
encephalomalacia  144, 160
encephalopathy
– toxic  241
– Wernicke  243
endocrinological alteration  196
endoluminal clot lyses  14
ependymoma  211, 234, 353, 354, 360
– gyral  24
– intravascular  19
– leptomeningeal  20
– of the conus medullaris  361
– parenchymal  20
– vascular  19
epiaortic vessel  106
epidural
– abscess  341
– haematoma  147, 172, 254, 286, 385
– haemorrhage  118, 146
erythrocyte
– alteration  90
– lysis  86
ethylene-glycol intoxication  246
Ewing’s sarcoma  341
extraaxial
– haemorrhage  285
– traumatic lesion  147, 171
– arachnoid cyst  346
– haematoma  172, 385
extrapontine myelinolysis  242
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ex-vacuo ventricular enlargement  208
eyesight impairment  196

facial
– injury  182
– skeleton  181, 182
– trauma  179
false localizing sign  160
falx cerebri  158, 159, 200
fast spin echo (FSE)  5, 88
fibromuscular dysplasia  119, 379
fibrosarcoma  341
fistula  156
– spinal dural arteriovenous  362
– thoracic spinal dural arteriovenous

363
– thoracic spinal region  358
FLAIR, see fluid attenuation inversion

recovery
FLASH  65
flexion trauma  319
fluid attenuation inversion recovery

(FLAIR)  52
focal
– neurological deficit  182
– oedema  142
fogging effect  17, 20, 21
foramina of Monro  204
fracture
– in newborns  383
– of the bony orbit  187
– of the lower (caudal) cervical spine

322
– of the mandible  183
– of the maxilla
– – complex  188
– – simple  183
– of the nasal bone  183
– of the nasal-ethmoid midface  189
– of the occipital condyle  303
– of the thoracic and lumbar spinal

segments  322
– of the upper (cranial) cervical spine

322
– of the zygomatic arch  183, 184
– ping-pong ball type  383
Froin’s syndrome  210
FSE, see fast spin echo

gadolinium  65, 103, 108, 347
GCD, see Guglielmi detachable coin
GCS, see Glasgow Coma Scale 
German plane  138
germinoma  214
Glasgow Coma Scale (GCS)  133, 380
glioblastoma  211, 233, 234, 359
– multiforme  216, 353
gliocarcinoma  31
glioma  211, 233
gliosis  323
global
– cerebral hypoxia  269
– hypoperfusion  262
globus pallidus  251
glucose  85, 266
gradient-recalled echo (GRE)  88
growing fracture  383
Guglielmi detachable coin (GDC)

124, 127
gyral enhancement  24

haemangioblastoma  353, 355
haemangioma  339
– metameric  340
– vertebral  339
haematoma  29, 34, 145, 284
– capsulo-putaminal  37
– comma-shaped  56
– epidural  146, 147, 286, 385
– extradural  385
– intraparenchymal (IPH)  51, 59
– putaminal  28, 32
– subdural  59, 146, 149, 151, 173,

371, 385
– thalamic  31
– traumatic intraparenchymal  144
haematomyelia  291
haemoglobin  34, 50, 84, 165, 250
– alteration  90
haemophilus influenzae  388
haemorrhage  4, 18, 259, 326
– arterial infarct  22
– cerebral  33, 118, 119
– contusion  166, 173
– differential diagnosis  44
– epidural  118
– extraaxial  285
– in childhood  395
– in infants  374
– in newborns  371
– infarct  42, 46
– infratentorial  88
– intraaxial  83, 284
– intracranial  83
– intraparenchymal (IPH)  27, 371
– intratumoral  355
– intraventricular  46, 88, 146
– lobar  41, 42, 88
– mesencephalic  164
– multiple  47
– non-ischaemic  24
– nucleo-capsular  87
– parenchymal  118
– petechial  23
– pontine  43
– putaminal  37, 39
– stroke  4
– subarachnoid  49, 118, 121, 123, 154,

155, 172, 371, 386
– subcortical intraparenchymal  41
– subdural  118
– thalamic  39
haemosiderin  84, 87, 217, 332
Hangman’s fracture  304, 310
head
– injury  131, 137, 381
– – in children  380
– – open  140, 143
– trauma  133
headache  150, 195
helical scan  139
hemiplegia  96, 376
hemispheric cerebral infarction  203
heparinization  119
herniation
– axial  200

– internal cerebral  158, 199, 213, 220,
223

– subfalcian  158, 200, 223, 255
– temporal  200
– tonsillar  158
– transphenoid  158
– transtentorial  158, 223
herpes
– encephalitis  390
– virus  389
Heubner’s artery  10
hexamethyl propylene-amine-oxime

(HMPAO)  266
hippocampus  391
HMPAO, see hexamethyl propylene-

amine-oxime
Horner’s syndrome  105
hydrocephalus  43, 51, 58, 59, 160,

195, 203, 205, 206, 213, 287, 288,
394

– communicating  206, 207, 209, 396
– congenital  395
– CSF sequestration  226
– hyperfunction of the shunt  226
– hypersecretory  208
– infection  226
– normotensive  207
– obstructive  205
– recurrence  226
hygroma  156, 175
hyperaesthesia  89
hypercapnia  198
hyperdensity  36
– cisternal  52
hyperextension  303
– trauma  316, 319
hyperflexion trauma  313
hyperplasia of the Alzheimer type  246
hypersecretory hydrocephalus  208
hypodensity  36
hypo-isodensity  260
hyponatraemia  243
hypophysis  288
hypotonia  30
hypoxia  269
hypoxic-ischaemic injury in newborn

374

iatrogenic epidural abscess  345
ICH, see intracranial hypertension
ICP, see intracranial pressure
infarct, see infarction
infarction  287
– cerebral  58
– – posttraumatic  159
– differential diagnosis  24, 44
– haemorrhagic  46
– hemispheric cerebral  203
– lacunar  23
– venous haemorrhagic  23
infection  33, 286
– in childhood  395
– myelitis  365
– postsurgical  224, 289
– spinal  289
– spinal column  292
infratentorial haemorrhage  88
injury
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– axonal  167
– contusion-shearing  168
– cranial  182
– diffuse axonal  140, 145
– facial  182
– of larger arteries and veins  159
– of the head  131, 137, 140
– shearing  170, 171
internal
– carotid artery  156
– cerebral herniation  157, 176, 199,

213, 220, 223
interstitial oedema  203
intoxication  211
– carbon monoxide  250
– cyclosporin A (CsA)  249
– ethylene-glycol  246
– methanol  246
– methotrexate  247
intraarterial fibrinolysis  121, 124
intraaxial
– haemorrhage  83, 284
– lesion  140
– traumatic lesion  166
intracerebral tumour  211
intracranial
– air collection  160
– aneurysm  372
– haemorrhage  83, 258
– hypertension (ICH)  195, 391
– – cerebral perfusion  199
– neoplasia  213
– pressure (ICP)  196, 255, 276
– – cerebral function  201
– – homeostasis  198
– – waves  198
– tumour in childhood  395
– vessel  105
intraparenchymal
– haematoma  51, 59
– haemorrhage (IPH)  27, 371
– – contrast agent  43
– – prodromic symptoms  30
– – tumours  31
intratumoral haemorrhage  355
intravascular enhancement  19
intraventricular haemorrhage (IVH)

46, 59, 88, 146
ipsilateral hemisphere  11
irreversible coma  275
ischaemia  7, 257
– cerebral  7, 58, 63, 117, 119
– – posttraumatic  159
– compression  154
– in infants  376
– lacunar  76
– of the basal ganglia  377
– of the thoracic spinal cord  362
– temporal phases  13
ischaemia-based brain damage  250
ischaemic
– infarction  257
– oedema  201
– penumbra  73, 74, 81, 269
– stroke  4, 101
– swelling  256
IVH, see intraventricular haemorrhage

Jefferson’s fracture  304
junctional lesion  169

Katzman’s lumbar infusion test  209
kidney disease  112, 2445
kinking  95, 98
Korsakoff’s syndrome  244
kyphosis  290

labour trauma  371
laceration-contusion  166
lactate  80, 81
lactic acid accumulation  66
lacunar
– infarction  21
– ischaemia  76
laminoplasty  290
last meadow infarct  8, 10
Le Fort fracture  188
lenticular nucleus  18
leptomeningeal
– cyst  25, 160, 383
– enhancement  20
leptomeninges  12, 57
leukocyte adhesion  68
leukoencephalopathy  247
ligamentous trauma  324
lipids  80
lipoma  351
liver cirrhosis  245
lobar haemorrhage  41, 42, 88
locked-in syndrome  171
lumbar
– hyperflexion trauma  317
– spine trauma  325
lumbosacral spine  292
lymphoma  214

macrocephalia  394
magnetic resonance (MR)
– angiography (MRA)  101, 172
– venography  108
– imaging (MRI)  4
– – angiography  5
– – cranial trauma  132
– – diffusion  79
– – diffusion weighted imaging  5
– – head injury  163
– – in ischaemia  63
– – intrinsic limits  163
– – perfusion  75, 79
– – semeiological limits  163
– – spectroscopy  5, 80
– – trauma  163
magnetization transfer contrast (MTC)

102
malar fracture  186
malignant
– cerebral oedema syndrome  386
– gliomas  217
Marchiafava-Bignami disease  244
mass-forming lesion  351
mean transit time (MTT)  78
medulloblastoma  211, 234
– in childhood  397
MELAS syndrome  380
meningeal sarcoma  232
meningioma  211, 230–232, 237, 286,

347, 348
– olfactory groove  232
meningitis  51, 57, 288, 387
– bacterial  388
– purulent  388
mental confusion  243
mesencephalic
– haemorrhage  164
– tuberculoma  206
mesodermal tumour  230
metahaemoglobin  50
metameric haemangioma  340
metastases  217
metastatic disease  341
methaemoglobin  86, 217, 260, 328
methanol intoxication  246
methotrexate
– intoxication  247
– neurotoxicity  249
methyl-ethylketone  246
microhaemorrhage  216
midbrain haemorrhage  281
middle cerebral artery bifurcation/tri-

furcation  55
Monro-Kellie doctrine  197
MOTSA, see multiple overlapping thin

slab acquisition
moya-moya syndrome  377, 379
MTC, see magnetization transfer con-

trast
MTT, see mean transit time
multiple
– aneurysm  49
– haemorrhage  47
– overlapping thin slab acquisition

(MOTSA)  102
– sclerosis  356, 357, 362
multislice CT  301
mycoplasm  391
myelinolysis
– extrapontine  242
– osmotic  243
– pontine  243
myelocisternal-CT  208
myelography  338, 347

Na+-K+ ion pump  65
– dysfunction  65
NAA, see N-acetyl-aspartate
N-acetyl-aspartate (NAA)  80
– depression  81
nasal-ethmoid midface fracture  189
necrotic brain tissue  35
neoangiogenesis  17
neoplasia  21, 24, 46, 87, 211, 347
– cranial  235
– in childhood  395
– intracranial  213
– spinal metastatic  342
neoplasm  31, 349
– of the cerebellar vermis  204
neoplastic lesion  214
neural tube closure defect  395
neurinoma  349
neuroectodermal tumour  229
neurological
– injury  299
– syndrome  337
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neuroocular plane  181
neuropaediatric  371
neuroresuscitation  265
non-haemorrhagic contusion  166
non-ischaemic primary haemorrhage

24
non-traumatic
– bleeding  27
– spinal emergency  337
normotensive hydrocephalus  207
nuclear medicine method  279
nucleo-capsular haemorrhage  87

obstructive hydrocephalus  205
occipital lobe  159
occlusive venous pathology  108
oedema  68, 326, 386
– cerebral  155, 176, 201, 261, 267,

279, 286
– – posttraumatic diffuse  158
– cytotoxic  66, 69, 202, 261
– focal  142
– interstitial  203
– ischaemic  201
– parenchymal  355
– perilesional  44, 213
– vasogenic  17, 176, 201, 220, 260
olfactory groove meningioma  232
oligodendroglioma  234
ophthalmoplegia  243
orbital trauma  187
os odontoideum  350
osmotic myelinolysis  243
osteoarticular trauma  321
otorrhagia  138
oxygen  266
oxyhaemoglobin  50, 84, 165, 260

Pacchionian granulation  205
Paget’s disease of the spine  341
papilloma  235
– of the choroid plexus  398, 399
paralysis of the facial nerve  138
paraplegia  337
parenchymal
– enhancement  20
– haemorrhage  118
– oedema  355
PC, see phase contrast
pCO2 94
PD, see power-Doppler
peak time (PT)  78
percutaneous angioplasty  122
perfusion
– MRI  75, 79
– pressure (PP)  255
– – index (PPI)  96
pericallosal artery  56
perilesional
– oedema  44
– – vasogenic  213
perimesencephalic cistern  50
perivertebral soft tissue abnormality

300
PET, see positron emission tomogra-

phy
petechial haemorrhage  23
phagocytosis of blood pigments  35

phase contrast (PC)  102
phenomenon  394
pilocytic astrocytoma  221, 398
pineal region germinoma  215
plasmacytopenia  351
PNET, see primitive neuroectodermal

tumour
pneumocephalus  155, 288
pO2 90, 94
polycystic kidney disease  112
polycythaemia  380
polytrauma  179, 298, 300
– patient in a coma  302
pontine
– haemorrhage  43
– myelinolysis  243
porencephalic cyst  372, 391
positron emission tomography (PET)

4
postanoxic coma  265, 269
posterior
– fossa  29
– inferior cerebellar artery  55
postsurgical
– cerebritis  225
– craniospinal emergency  283
– infection  224, 289
posttraumatic
– cerebral infarction  159
– cerebral ischaemia  159
– coma  267
– diffuse cerebral oedema  138
power-Doppler (PD)  95, 99
PP, see perfusion pressure
PPI, see perfusion pressure index
premature
– craniosynostosis  395
– neonate  373
– newborn  372
pressure-volume ratio  197
PRF, see pulse repetition frequency
primitive neuroectodermal tumour

(PNET)  213
proton MR spectroscopy  66, 80
pseudoaneurysm  156, 289
pseudo-bulbar paralysis  243
pseudo-meningocele  289, 290, 323,

334
pseudotumour cerebri  203, 400
PT, see peak time
pulse repetition frequency (PRF)  95
pulsed wave (PW)  95
purulent meningitis  388
putaminal
– haematoma  28, 32
– haemorrhage  37, 39
PW, see pulsed wave

Queckenstedt test  210

radiation myelopathy  366
radiofrequency (RF)  77
radionuclide  279
radionuclide myelocisternography  208
radiotherapy  232
rCBF, see regional cerebral blood flow
Recklinghausen’s disease  349, 353, 356
recombinant tissue plasminogen activa-

tor (rt-PA)  16
regional cerebral blood flow (rCBF)

78
resistance index (RI)  95
reversible ischaemic neurological

deficit (RIND)  3, 7
RF, see radiofrequency
RI, see resistance index
RIND, see reversible ischaemic neuro-

logical deficit
ring enhancement  24
rt-PA, see recombinant tissue plas-

minogen activator
rupture
– of a cavernous angioma  30
– of cryptic angiomas  42

SAH, see subarachnoid haemorrhage
salt losing syndrome  373
scanogram  138, 301, 302
Schwann cells  349
SCIWMRA, see spinal cord injury

without magnetic resonance abnor-
mality

SCIWORA, see spinal cord injury
without radiological abnormality

scoliosis  291, 347
SDH, see subdural haematoma
SE, see spin echo
setting sun  394
shaken baby syndrome  150
shaking trauma  385
shearing injury  170, 171
siderosis  91
single photon emission computerized

tomography (SPECT)  78, 265
skull
– base fracture  160
– fracture  134, 137, 139, 173
– vertex fractures  138
– x-rays  134
slit ventricle syndrome  287
SPECT, see single photon emission

computerized tomography
spin echo (SE)  5, 323
– sequences  74
spinal
– angiography  347, 355
– column infection  292
– cord  299, 326
– – abscess  365
– – arteriovenous malformation  357
– – atrophy  333
– – compression  297
– – infarct  357
– – injury  302, 316, 322
– – injury without magnetic resonance

abnormality  334
– – injury without radiological abnor-

mality  334
– – rare tumours  355
– – swelling  326
– – trauma  332
– dural arteriovenous fistula  358, 362
– emergency  288, 297
– infection  289
– instability  313, 324
– meningioma  354
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– metastases  339
– metastatic neoplasia  342
– neoplasia  338
– nerve  299
– nerve root
– – compression  297
– schwannoma  356
– segment  301
– stenosis  291
– trauma  180, 299, 321, 323, 334
spiral CT  179, 301
spondylodiskitis  338, 341, 342, 346,

348
spontaneous haematoma  346
stairstep artefact  139
stenosis  93, 104, 107, 123
stenotic-occlusive atheromatous

pathology  104, 107
sterile inflammation  286
streptococci  391
stroke  3
– haemorrhagic  4
– ischaemic  4
stupor  245
subarachnoid
– haemorrhage (SAH)  49, 89, 112,

118, 121, 123, 154, 155, 172, 371,
386

– – after aneurysms  53
– – cisternal hyperdensity  52
– – contrast agent  57
– – CT  49
– – perimesencephalic  54
– – rebleeding  58
– – sine materia  52, 54
– metastases  351
subcortical intraparenchymal haemor-

rhage  41
subdural
– haematoma (SDH)  59, 149, 151,

172, 173, 198, 371, 385
– haemorrhage  118, 146
– hygroma  156, 175, 388
subfalcian herniation  158, 200, 223,

255
subluxation  322
superficial siderosis  91
supraaortic vessel  103
supracellar cistern  50
supraclinoid internal carotid artery  55
Sylvian fissure  38, 42, 50
syringohydromyelia  355
syringomyelia  333

TB meningoencephalitis  391
99TC  266
TCD, see transcranial Doppler
teardrop fracture  313
temporal herniation  200
tentorium
– cerebelli  159, 193, 200
– incisura  158
teratoma  351, 352
thalamic
– haematoma  31
– haemorrhage  39
– infarct  15
– nucleus  37

thalamus  11
thecal sack  292
thiamine  243
thoracic spine  291
– compression trauma  314
– dural arteriovenous fistula  363
– trauma  324, 329
thoracolumbar spinal trauma  318
thrombolysis  63
thrombophlebitis  210
thrombosis  17, 23, 93, 118, 388
– arterial  14
thrombus  64
TIA, see transient ischaemic attack
tilted optimized non-saturation excita-

tion (TONE)  102
time of flight (TOF)  102
TOF, see time of flight
toluene  246
TONE, see tilted optimized non-satu-

ration excitation
tonsillar herniation  158
torsion trauma  171, 319
torticollis  307
toxic encephalopathy  241
transcranial Doppler (TCD)  98, 99,

276
transient ischaemic attack (TIA)  3, 7,

117
transphenoid herniation  158
transtentorial herniation  158, 223
trauma  131, 137, 268
– axial compression  316
– cervical spine  308, 313
– – flexion  330
– cranial  302
– flexion  319
– hyperextension  316, 319
– hyperflexion  313
– ligamentous  324
– lumbar hyperflexion  317
– lumbar spine  325
– of the central spinal canal contents

322
– osteoarticular  321
– spinal  299, 321, 323
– spinal cord  332
– thoracic spine  324, 329
– – compression  314
– thoracolumbar spinal  318
– torsion  319
– vertebral  321, 324
– vertical compression  319
trauma-induced arterial spasm  148
traumatic
– intraparenchymal haematoma  144
– vascular lesion  156
tripod fracture  184–186
tuberculous (TB) meningitis  389
tumour  31, 213
– brain  229
– ectodermal  230
– embryogenic  230
– intracerebral  211
– mesodermal  230
– neovessel  233
– neuroectodermal  229
– tuberculous (TB)  389

ultrasound  4, 93

vascular
– dissection  105
– lesion  176
– malformation  372
– territories  9
– tracer  64
vasculopathy  7
vasodilatation  211
vasogenic oedema  17, 176, 201, 220,

260
vasospasm  51, 59, 121, 257, 263
vasular enhancement  19
vein of Galen  372
– malformation  395
velocity  97
venous
– haemorrhagic infarction  23
– malformation in children  375
– stasis  257
– thrombosis  108, 210, 380
ventriculomegaly  210
ventriculostomy  40
vertebral
– alignment abnormality  300
– collapse  338
– haemangioma  339
– neoplastic metastases  343
– osteomyelitis  341
– plasmocytoma  344
– trauma  321, 324
vertex  140
vertical compression trauma  319
vessel
– brachiocephalic  103
– epiaortic  106
– hyperdensity  14
– intracranial  105
– occlusion  64
– rupture  145
– supraaortic  103
viral encephalitis  25, 211, 389
vomiting  195

Wallerian degeneration  170
watershed infarct  8, 10, 13
Wernicke encephalopathy  243
Wernicke-Korsakoff syndrome  244

X-ray  134
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