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Preface

The first endovascular recanalization was performed
30years ago by Hermann Zeumer. His technique for the
local intra-arterial fibrinolysis of vertebrobasilar and
middle cerebral artery occlusions was a major milestone
in the development of interventional treatments for
stroke.

Advances in both the diagnosis and treatment of stroke
have followed in quick succession during the past three
decades.

Initially, cranial CT could distinguish only between
hemorrhage and ischemia and could supply informa-
tion on the etiology of strokes. MRI, developed approxi-
mately 10 years after cranial CT, was initially important
only for the evaluation of brainstem infarctions. But some
20 years ago MRI gained the ability to provide high-
contrast diffusion-weighted images of a fresh cerebral
infarction. The capabilities and individual components
of “stroke MRI” significantly advanced our understanding
of the pathophysiology of stroke and especially ischemic
stroke. Today, the options of CT angiography and perfu-
sion CT (stroke CT) have made computed tomography the
first-line imaging study in stroke patients-especially for

the relatively common ischemic strokes in the anterior
circulation.

There has been equally rapid growth in the range of
available interventional devices and techniques, fibrino-
lytic agents, platelet-aggregation inhibitors, and platelet-
receptor inhibitors.

The wide range of techniques available for the diagnosis
and interventional treatment of acute stroke prompted us
to publish an “inventory” of these options in the form of a
textbook. While we know that the techniques are still in
flux, this is an opportune time to review current methods
in detail, rate their efficacies, and make progress toward
uniformity.

Fortunately, we had access to a strong “network” of
neuroradiologists in which highly experienced colleagues
were able to collaborate in the creation of this book.

The book is intended for all colleagues who seek con-
cise, clinically relevant information in their day-to-day
practice of diagnosing and treating stroke patients.

Kiel and Munich
Winter, 2013

Olav Jansen
Hartmut Brueckmann
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1 Internal Carotid Artery Occlusion

O. Jansen

Introduction

Segmental Anatomy of the
Internal Carotid Artery

The intradural portion of the internal carotid artery (ICA)
is divided into four segments that are named and num-
bered as (from distal to proximal):

* C1 segment: the segment below the division of the
carotid artery into the middle and anterior cerebral
arteries (the “carotid T”)

* (2 segment: the distal horizontal segment of the
cavernous part of the ICA

* (3 segment: the vertical segment of the cavernous part

* (4 segment: the proximal horizontal segment of the
cavernous part

The more proximal portions of the ICA are referred to in
clinical parlance (from distal to proximal) as the petrous
part; the subpetrous, cervical, or suprabulbar ICA; and
finally the carotid bulb and origin of the ICA.

Definition of Carotid Artery
Occlusion

Every occlusion site correlates with an underlying cause
that is typical for that location.

For example, occlusions of the ICA at its origin or at the
carotid bulb are almost always caused by atherosclerotic
stenosis. Most occlusions of the cervical ICA are caused
by an acute carotid dissection, which always terminates
at the entrance to the petrous part of the vessel. An acute
occlusion of the petrous part is rare but may be caused
by atherosclerosis at that level. The same applies to acute
occlusions of the cavernous part (C2-C4), which are
generally caused by the occlusion of a local, preexisting
atherosclerotic stenosis.

On the other hand, acute occlusions of the C1 segment
or the carotid T are almost always due to embolism from

a cardiac source or, less commonly, a carotid source. The
carotid T is the first site of relative narrowing in the ca-
rotid circulation where an embolus of substantial size
may become lodged at the arterial junction, causing an
acute vascular occlusion, and may subsequently grow due
to proximal and/or distal thrombosis. As a result, these
carotid T or C1 occlusions typically present with a large
thrombus burden.

Traumatic or spontaneous intracranial carotid dissec-
tions are a very rare cause of acute carotid occlusions.
Spontaneous intracranial carotid dissections, which are
even rarer than traumatic dissections, may occur in pa-
tients with fibromuscular dysplasia or may be secondary
to vasculitis.

Frequency of Carotid Artery
Occlusions

Acute occlusions of the ICA, whether intra- or extra-
cranial, have been recognized as the cause of ~5% of all
strokes. Like acute basilar artery thrombosis, they are
quite rare but may have severe manifestations due to the
potential magnitude of the acute cerebral perfusion defi-
cit, especially with a carotid-T occlusion, as well as the
severity of acute neurologic deficits and the potential size
of the resulting brain infarction.

In patients with a well-formed circle of Willis that
would allow for the development of a collateral cir-
culation, acute carotid occlusions proximal to the C1
segment may be asymptomatic or may produce fluc-
tuating clinical symptoms. The latter presentation
reflects a deficiency of collateral flow that is blood
pressure-dependent and may lead to a hemodynamic
infarction pattern.

Imaging Studies
Computed Tomography

As in all patients with acute stroke, noncontrast com-
puted tomography (CT) is the initial imaging study of
choice for patients with an acute carotid artery occlusion



Imaging Studies

Fig. 1.1a-c Acute embolic occlusion of the carotid T.

a The hyperdense embolus is clearly visualized on cranial CT
(arrow).

b CTA (source image) documents lack of opacification of the
carotid siphon (arrow).

(see Chapter 2). It can exclude hemorrhagic stroke and
other causes of an acute neurologic deficit.

If the acute carotid occlusion is located proximal to
the C1 segment, CT scans usually show no abnormalities
other than possible early infarct signs (see Chapter 2 for
more details). If collateral flow is deficient and clinical
symptoms have been present for some time, CT images
of these proximal carotid occlusions may demonstrate a
chain of small infarctions in the terminal carotid branches
above the level of the ventricles (cella media).

By contrast, the intravascular thrombi causing an acute
occlusion of the carotid T and/or C1 segment almost
always produce a hyperdense artery sign on noncontrast
CT (see Chapter 2). This is particularly true when we note
that the large thrombus burden of these occlusions allows
for direct visualization of the thrombus even in relatively
thick CT slices (Fig. 1.1a).

CT Angiography

CT angiography (CTA) is the CT technique of choice for
the detection of carotid occlusion in acute stroke pa-
tients. Lack of opacification of the ICA and the imaging
correlate of the carotid occlusion can be demonstrated

c DSA demonstrates the occlusion site in the C1 segment of the
ICA and defines the proximal end of the thrombus (arrow).

during interpretation of the CT source images as well as
with 2D and 3D reconstructions (Fig. 1.1b). On the other
hand, accurate localization of the carotid occlusion may
be difficult with CTA. Ordinarily, CTA is performed in
such a way that data acquisition for the CT slices takes
place during the first pass of the contrast material
through the arterial circulation. In patients with a dis-
tal carotid artery occlusion, the more proximal carotid
segments are occupied by a blood column that admits
contrast material at a very slow rate, if at all. This hap-
pens too slowly to be detected during data acquisition
for CTA.

Even if some small distal branch vessels from the ICA are
still patent, such as the ophthalmic artery, meningohy-
pophyseal trunk, posterior communicating artery, or
anterior choroidal artery, overall blood flow in the ICA is
still so diminished that the artery will show a general lack
of opacification and appear occluded on CTA. It may be
helpful in these cases to carefully reevaluate the noncon-
trast CT for hyperdense vessel signs or even view the CTA
source images with a different window setting to permit
a more accurate localization of the occlusion site.
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Based on the phenomenon of slow blood flow in the
ICA described above, CTA may also yield false-positive
results. This can easily cause a pseudo-occlusion to
be missed. If necessary, a second CTA dataset can
be acquired immediately after the first to help lo-
calize the occlusion or aid differentiation from a
pseudo-occlusion.

As a rule, magnetic resonance imaging (MRI) with
MR angiography (MRA) is rarely used in patients with
acute stroke. The problems of imprecise localization
and differentiation from pseudo-occlusion described
above for CT and CTA apply with equal validity to MRI
and MRA.

Angiography

The definitive diagnosis and localization of an ICA oc-
clusion can be established by catheter angiography
using digital subtraction (DSA) technique (Fig. 1.1c).
However, the differentiation between occlusion and
pseudo-occlusion relies on special techniques that re-
quire a cooperative or sedated patient or the use of gen-
eral anesthesia.

Practical Tip

The diagnostic catheter should be placed just proximal
to the presumed ICA occlusion site. This presents no dif-
ficulty with extracranial carotid occlusions. The contrast
material is then injected at sufficiently high concentra-
tion (undiluted if necessary), and the acquisition time of
the DSA series should be long enough to detect the slow
trickle of contrast material into a blood column, if pres-
ent, orinto the collapsed poststenotic lumen of a pseudo-
occlusion. An acquisition time of up to 10-15 seconds at
a film rate of 1-0.5 frames|s may be necessary to avoid
missing a pseudo-occlusion. Meanwhile, the develop-
ment of a collateral circulation via extra- or intracranial
vessels should be documented to detect, say, retrograde
filling of the carotid siphon via the ophthalmic artery
(Fig. 1.2).

DSA findings may be misinterpreted in patients with
acute distal occlusions of the ICA unless the correct pro-
tocol is followed.

Fig. 1.2a,b Old occlusion of the cervical

carotid artery on DSA.

a Survey image with contrast injection
documents an apparent occlusion with
pseudotapering at the top of the carotid
bulb.

b Selective catheterization of the carotid
stump confirms a definitive occlusion in
the upper cervical portion of the ICA.



Pseudo-occlusion of the Internal Carotid Artery

An occlusion of the ICA that also occludes the distal
branches (ophthalmic artery, etc.) leads to the stasis of
blood throughout the ICA lumen. When the diagnostic
catheter is placed into the common carotid artery (CCA)
or even the proximal ICA, there will be no distal runoff
of injected contrast material and even a very long angio-
graphic series may create the impression of a proximal
occlusion. Not infrequently, the injected contrast material
may layer along the standing blood column in the extra-
cranial ICA, mimicking the tapered sign or string sign of
an extracranial ICA dissection (see the section on Digital
Subtraction Angiography, p. 33) (Fig. 1.2a). Doubts can
be resolved only by a more distal catheterization of the
ICA lumen, perhaps advancing the microcatheter past
the petrous part of the artery and repeating the angio-
graphic series so that the occlusion site can be accurately
located (Fig. 1.2b). Sometimes the location and length of
an occlusion are clearly appreciated only when endovas-
cular recanalization is performed. By carefully injecting
contrast through the microcatheter and advancing the
microcatheter and microwire across the occlusion site
into the intracranial circulation, the operator can define
the entire lumen of the ICA, the occlusion, and the length
of the thrombus. Meanwhile the location of the occlusion
and whether it can be passed with a catheter can provide
clues to the etiopathogenesis of the occlusion.

Fig. 1.3a,b Grade | pseudo-occlusion.

a Catheter angiography demonstrates a high-grade proximal
stenosis of the ICA (arrow). The carotid lumen is preserved but
markedly reduced in caliber.

Pseudo-occlusion of the
Internal Carotid Artery

By definition, a pseudo-occlusion of the ICA is present
when noninvasive vascular imaging demonstrates a vas-
cular occlusion but invasive catheter angiography docu-
ments a high-grade stenosis or partial occlusion.

Three grades of ICA pseudo-occlusion have been de-

scribed (Kniemeyer et al. 1996):

e Grade I: a high-grade stenosis of the ICA in which
the original lumen of the carotid artery is preserved
(Fig. 1.3).

e Grade II: a segmental occlusion of the actual carotid
lumen, but the distal lumen still carries antegrade flow
through vasa vasorum in the carotid wall. Usually the
carotid lumen is markedly reduced (Fig. 1.4).

* Grade III: an actual carotid occlusion in which the ICA
stump is perfused by retrograde flow from the external
carotid artery (ECA), usually as far as the occlusion site
(Fig. 1.5).

b Along DSA series can still trace the narrowed carotid lumen into
the cranial cavity.
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Fig. 1.4 Grade Il pseudo-occlusion. Mag-
nified DSA image of the common carotid
artery demonstrates the recruitment of
vasa vasorum. The original carotid lumen is
occluded.

Fig. 1.5a,b Grade Ill pseudo-occlusion.

a Survey angiogram shows residual filling
of the proximal ICA stump through very
small lumina.

b The actual lumen of the cervical and pe-
trous ICA is filled by retrograde flow from
ECA collaterals (arrows).



