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FOREWORD

Writing a book at the beginning of the twenty-first century about interventional neuroradiology, still
widely known as “endovascular neurosurgery,” is an extraordinarily risky bet. It is therefore worth
trying to determine whether the authors of this book, under the direction of Karel ter Brugge, have
successfully met the challenge that they have set for themselves. Those wishing to disseminate spe-
cialized personal knowledge should not only be highly skilled in their specific field, but also, and espe-
cially, have the maturity that comes only with wide experience. Timo Krings, Sasikhan Geibprasert,
and Karel ter Brugge are core members of Pierre Lasjaunias’ famous school, and benefit from the vast
experience they have obtained by working under his direction. The expertise of this team is thus
innately based on exceptional radioanatomical and clinical foundations as well as on very human
qualities that combine scientific rigor, honesty, and ethics.

Given the irreproachable quality of the information conveyed by such an elite team, globally
esteemed and respected as they are, we may yet consider the technique that they have utilized in
its presentation. Indeed, in this Internet era, with its capacity for the extraordinarily rapid, even
“instant,” transmission of information, the continuing relevance of the traditional printed book may
be brought into question. Compared to scientific journals and especially information rendered on a
website, the lag inherent in the printed book can contribute to the rapid obsolescence of the informa-
tion being presented. This is especially true since the continuing evolution of interventional neuro-
radiology is itself extraordinarily rapid. Closely dependent on technological progress, interventional
neuroradiology takes a quantum leap forward with each technological innovation.

The techniques of endovascular interventional neuroradiology have evolved steadily towards
ever-smaller applications and the emergence of the third dimension has radically transformed their
precision and thus the safety of our interventions. The miniaturization of our surgical instruments
has greatly contributed to our progress, and the ongoing development of nanotechnology will very
likely enable further innovations that are even harder to visualize today.

It is in this particularly difficult context that the brilliance of this book’s design stands out. Its
major importance lies in the fact that it is actually not a traditional textbook, because the authors
have clearly taken the gamble of trying to stimulate personal reflection on the reader’s part. The
chapters are in fact a succession of carefully described and analyzed observations that consequently
require a direct and thoughtful participation. On examining these various observations, which range
over virtually the entire field of vascular pathology, readers are challenged to methodically ask them-
selves the key questions that absolutely must be answered before choosing a therapeutic approach.
Selecting the optimum strategy, that is, the one most effective and least hazardous to the patient, is
unquestionably the core of the therapeutic process. Confronted with daily reality, readers are thus
constantly forced to practice selecting the best indication as well as the most appropriate therapeutic
technique.

Technical knowledge is indeed indispensible, but alone it is insufficient for successful implemen-
tation without an exacting intellectual process. Given that there are frequently multiple therapeutic
possibilities, the approaches advocated by the authors are not didactically imposed but are carefully
argued and thus manifestly well justified, admirably demonstrating the authors’ excellent instruc-
tional abilities. This orientation of the book’s content is crucial, because at the present time the poor
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Xii  FOREWORD

quality of therapeutic indications chosen by many surgical teams around the world is certainly the
Achilles’ heel of early twenty-first-century interventional neuroradiology.

This overarching concern for the proper choice of therapeutic indications is highlighted by the
authors’ honesty and courage in describing the complications that can arise even within the best
teams. These observations, carefully selected, analyzed, and described will enable readers to become
aware of the actual risks to which patients are exposed, as they learn at the same time to make a
timely diagnosis and take appropriate measures to best mitigate any adverse consequences.

In the same vein, this book is remarkable for its rational approach in the deepest sense of the
word. Indeed, ongoing development is so rapid due to the continual introduction of new surgical
instruments that the top teams lack sufficient time to properly assess the actual clinical outcomes
of their interventions. This is why many procedures are being performed to “experiment” with new,
and apparently improved, surgical instruments, whereas we know very well that the outcomes of
clinical developments in the medium and long term can be mediocre or frankly even poor despite
“satisfactory radioanatomic controls.”

It is noteworthy that the authors have also taken on the challenge of covering virtually the
entire spectrum of pathological conditions accessible to treatment by interventional neuroradiology.
Their discriminating choice of observations has enabled them to cover practically all the situations
encountered, even the most difficult ones. The systematic nature of the book’s organization enables
the reader to find information quickly on any given observation. Of course, this leads to some rep-
etition, but we know that repetition of important elements is the basis of a well-organized course
of instruction. The sections entitled “Pearls and Pitfalls” are highly relevant. For example, when the
authors write that skin disinfection is an essential step for infiltration or intraspinal injections, it
should not be taken lightly, because it is absolutely true. The repetition of “minor” steps in a protocol
can lead to over-familiarity and make us forget the need for their rigorous application. Many read-
ers will also appreciate the bibliographical sources, available for each clinical case, which provide
immediate references relevant to the case being considered.

This book thus perfectly reflects the immense clinical, radioanatomical, technical. and human
qualities of the team of Timo Krings, Sasikhan Geibprasert, and Karel ter Brugge. It is therefore not
only useful but, in my opinion, really essential that all those wishing to train in interventional neu-
roradiology should read and reread this book, taking time for contemplation as needed, to gradu-
ally reach the level of maturity indispensable to the practice of this exciting but extremely difficult
specialization. When making a difficult decision, many practitioners will benefit from reading the
chapter that corresponds to the case at hand, and they will certainly find it helpful in reaching their
decision. This book will most certainly contribute to the improvement of outcomes in interventional
neuroradiology.

I would therefore like to congratulate the authors and to thank them warmly for making this
resource for training and development available to all those with an interest in brain and spinal
pathology. It will enable them to make real progress in providing the patients in their care with the
greatest possible benefit.

Luc Picard, Prof. Dr. Dr. h.c.

Professor Emeritus of Neuroradiology

Honorary President of the World Federation of Interventional and Therapeutic Neuroradiology
President of the World Federation of Neuroradiological Societies



PREFACE

Interventional neuroradiology has become an integral component of the multidisciplinary manage-
ment of patients with disorders of the head, neck, and spine. Patient acceptance and clinical out-
come have proved better with minimally invasive procedures than with traditional open surgical
approaches. Yet, we need to be vigilant to ensure that the new treatment techniques are indeed
enhancing patient care and are carried out with the full realization that other treatment options
may exist.

The authors of this book have a long experience with interventional neuroradiologic techniques
in Asia, Europe, and North America, which will benefit our readers. Contributions by other experts
in the field have further enhanced the comprehensive coverage of all aspects of interventional neu-
roradiology.

The unique strength of this book is that it also provides the background information on which
the principles of treatment are based. In each case report, the clinical and imaging findings are
interpreted so that the reader can fully understand and formulate the reasons for the treatment and
the specific goals to be achieved.

The authors have made a deliberate attempt to be unbiased in their choice of materials used, to
provide background information regarding their choices under each circumstance, and to outline the
risks and benefits of their choices versus those of other options. Safety is paramount in this field,
and proper training and continued education are the pillars on which the best possible patient care
rests. This is particularly relevant in our field, as more and more asymptomatic patients are referred
whose disorders are incidentally discovered. Several case reports describe in detail how to manage
such situations, highlighting once again the importance of knowing the natural history of the diseases
we are asked to treat so that clinicians will offer the best choice for their patients in their overall risk
management strategy.

We did not select exotic, bizarre, or exceptional cases, nor did we include “heroic” procedures
(being well aware that the “hero” in those procedures is never the doctor but rather the patient).
Instead, we chose to describe those cases that the interventionalist will see in his or her daily practice.
Periprocedural complications do occur, even in the best hands, the difference being that experienced
practitioners will recognize them early and know how to best manage them. This is why we added
examples of “classic” periprocedural complications.

We believe that this book fills a unique void in the field of interventional neuroradiology in that
it provides extensive information about the pathologic mechanisms involved in the diseases that we
are asked to treat and describes in detail the latest treatment options available. We hope that you
and your patients will derive the full benefit of our experience as described herein.

Xiii
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PART 1 Aneurysms and Subarachnoid Hemorrhage

CASE 1

Case Description

Clinical Presentation

A 54-year-old man presents with the sudden acute onset of headache,
nausea, and vomiting. When he arrives in the emergency department, he
has a decreased level of consciousness and is not fully oriented. Emergency
CT is performed.

L)

Fig. 1.1 (A-C) Unenhanced axial CT reveals nearly symmetric hyperdensity within the basal cisterns, corresponding to
diffuse SAH. Prominent size of the temporal horns of the lateral ventricles is noted. Note the small round hypodense
area within the hyperdense clot at the level of the prepontine cistern, suspicious for a basilar tip aneurysm.

Radiologic Studies
cT

CT demonstrated a basal subarachnoid hemorrhage (SAH) with a nearly symmetric distribution, a small
blood clot in the fourth ventricle, and no evidence of intraparenchymal hemorrhage. Enlargement of
the ventricles (especially the temporal horns) was noted. Within the prepontine cistern, a focal round
area without subarachnoid blood was seen (Fig. 1.1). CTA confirmed the suspicion of a single basilar
tip aneurysm, and angiography with the intention to treat was performed during the same session.

DSA

Injection of the left vertebral artery demonstrated a basilar tip aneurysm. 3D rotational angiography
revealed an irregular shape with a cranial daughter aneurysm (or bleb), which was regarded as the
probable point of rupture. The aneurysm size was 12 x 10 x 9 mm. The neck of the aneurysm was
considered to be moderately wide (5 mm). A cranial fusion-type of basilar apex was present, and
the most proximal portions of both P1 segments were incorporated in the neck. No focal vasospasm
was seen (Fig. 1.2).
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Fig. 1.2 DSA of the vertebral artery. 3D recon-
struction in (A) AP and (B) oblique lateral views
shows a basilar tip aneurysm with a rather wide
neck. A daughter bleb is noted at the left poste-
rior aspect of the aneurysm dome.

Diagnosis

Ruptured aneurysm of the basilar tip

Treatment
EQUIPMENT

e Standard 6F access (puncture needle, 6F vascular sheath)

e A 6F multipurpose catheter (Guider Soft Tip; Boston Scientific, Natick, MA) with continuous flush
and a 0.035-in hydrophilic guidewire (Terumo, Somerset, NJ)

e A 45-degree angled microcatheter with a 1.7F tip and a 0.0165-in inner lumen (Excelsior SL 10;
Boston Scientific) with a 0.014-in guidewire (Synchro 14; Boston Scientific)

e (oil selection: for framing, GDC 10 soft 360-degree coils 1 mm x 20 cm, 10 mm x 20 cm, and 9
mm x 20 cm; for subsequent filling and finishing, GDC 10 soft 2D SR coils 7 mm x 10 cm, 5 mm x
8 cm and two coils 4 mm x 8 cm (Boston Scientific)

¢ Contrast material

e Heparin

DESCRIPTION

The 6F multipurpose catheter was placed in the distal vertebral artery. Control injections demon-
strated good flow and no vasospasm surrounding the guiding catheter. Following a roadmap in the
working projection, the microcatheter was advanced via the micro-guidewire and carefully placed
in the lower one-third of the aneurysm. Here, the first coils were deployed, with care taken not to
advance the coils into the cranial daughter aneurysm. With the first three complex-shaped coils, a
stable frame for subsequent filling of the aneurysm could be established. Control runs demonstrated
no protrusion of coils into the parent vessels and good framing of the aneurysm neck. Subsequently,
the microcatheter was advanced as far distally into the aneurysm as possible to continue coiling from
the dome to the neck with 2D coils, which allowed dense packing of the aneurysm with only two
coil loops (of smaller, soft coils) protruding into the daughter aneurysm. If protrusion beyond the
frame was noted caudally, the coils were repositioned. A control run demonstrated complete exclu-
sion from the aneurysm and a dense coil mesh (Fig. 1.3). No thromboembolic complications were
noted, and all distal vessels were well preserved. The procedure was carried out with the patient on
heparin (5000 IE), which was not reversed following the procedure.
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Fig. 1.3 3D rotational angiography in PA
view (A) before and (B) following coil embo-
lization demonstrates the dense coil mesh.
No contrast material is noted entering the
aneurysm. Only a few loops are seen in the
daughter bleb.

Discussion

Background

Saccular aneurysms are the most frequently encountered form of aneurysm. They arise at arterial
bifurcations and resemble berry-like outpouchings of the vessel wall. Their etiology and pathophysi-
ology are complex and poorly understood. Although genetic factors likely contribute to their devel-
opment, other factors, such as aging, elevated blood pressure, blood shear stresses, and cigarette
smoking, are also thought to contribute to the formation and/or rupture of aneurysms.

The average annual risk for SAH is 10 to 21 per 100,000 people, with higher incidence rates
encountered in Finland and Japan. Risk factors for hemorrhage include female gender, increasing age,
previous symptomatic aneurysm, larger size, and location in the posterior circulation.

The prognosis following untreated aneurysmal SAH is poor; in a community-based study, the
mortality rates were 12% before patients reached the hospital, 43% within the first week, and 56%
at day 30 if the aneurysm was left untreated. In a meta-analysis of untreated ruptured aneurysms
performed by Heros in 1990, significant morbidity and mortality after the first hemorrhage were
estimated to be 50%, with a further mortality of 35% after the second bleed. The risk for rebleeding
without treatment is ~1% per day for the first 9 days, increases to 4% at day 10, then fluctuates at
~ 2 to 3% per day during days 11 through 15. The cumulative risk for rebleeding is ~20% in the first
2 weeks and 30 to 50% in 6 months.

Aneurysms typically arise at branch points on the parent artery. The branch point may be formed
by the origin of a side branch from the parent artery (e.g., posterior communicating artery) or by
subdivision of a main arterial trunk into two trunks (e.g., middle cerebral artery or terminal internal
carotid artery bifurcation, tip of the basilar trunk). Sidewall aneurysms are rare and if present usually
arise at a turn or curve in the artery and point in the direction that the blood would have flowed if
the curve were not present. At both the branch points and the curves, local alterations in intravas-
cular hemodynamics are present that exert high shear stress forces on those regions that receive the
greatest force of the pulse wave. Therefore, the aneurysm dome typically points in the direction of
the maximal hemodynamic thrust in the pre-aneurysmal segment of the parent artery. Aneurysms
that are encountered on a straight, nonbranching segment of an intracranial artery should raise the
suspicion of a dissecting process because saccular aneurysms are infrequently encountered at these
sites. More than 90% of all saccular intracranial aneurysms are located at one of the following five
sites: (1) internal carotid artery at the origin of the posterior communicating artery; (2) junction of
the anterior cerebral and anterior communicating arteries; (3) proximal bifurcation of the middle



4 CASE-BASED INTERVENTIONAL NEURORADIOLOGY

cerebral artery; (4) terminal bifurcation of the basilar artery into the posterior cerebral arteries; and
(5) terminal bifurcation of the carotid artery into the anterior cerebral and middle cerebral arteries. In
the anterior circulation, other common sites of aneurysms are the origins of the ophthalmic, superior
hypophyseal, and anterior choroidal arteries. In the posterior circulation, the origin of the posterior
inferior cerebellar, anterior inferior cerebellar, and superior cerebellar arteries and the junction of the
basilar and vertebral arteries are likely sites of aneurysm formation.

Noninvasive Imaging Workup
PHYSICAL EXAMINATION

e Patients typically report the abrupt onset of the “worst headache of their life.” Loss of conscious-
ness, meningismus, focal neurologic deficits, and nausea may be present.

e Many patients report earlier, milder headaches over the days preceding the acute event, most
likely representing small “sentinel bleeds” from an unstable aneurysm.

e On physical examination, patients are photophobic and demonstrate nuchal rigidity.

e Cerebrospinal fluid (CSF) analysis is necessary in patients whose CT is negative but in whom an
SAH is strongly suspected.

e The rate of rebleeding is significantly higher in patients with poor overall clinical status than in
those with good clinical status.

CT/CTA

e In the acute setting of patients with the “worst headache of their life,” CT is the first method of
choice to detect SAH and the aneurysm, following CTA.

e The presence of additional intraparenchymal hemorrhage (with or without mass effect) and/or
acute hydrocephalus will prompt emergency neurosurgical treatment in the appropriate clinical
setting.

e In patients with large aneurysms, the aneurysm “ghost” can be seen within the subarachnoid
blood as a focal area of SAH sparing.

e (TA has a high sensitivity and specificity, and in most instances, the treatment decision can be
based on the 3D reconstruction of CTA; however, if CTA is negative in the presence of a classic
SAH, DSA is still necessary.

MRI/MRA

e In the acute setting, MRI or MRA is rarely needed. FLAIR-weighted sequences will demonstrate
the subarachnoid blood with a slightly higher accuracy than that of CT as a high signal (unsup-
pressed CSF) within the subarachnoid spaces. In later stages following an SAH, pial hemosiderosis
can be seen that is best detected by susceptibility or T2*-weighted sequences.

Invasive Imaging Workup

e Diagnostic cerebral angiography combined with 3D rotational angiography remains the gold stan-
dard for evaluating patients presenting with SAH and suspected intracranial aneurysms. DSA and
3D DSA have the highest temporal and spatial resolution and provide the most precise depic-
tion of intracranial vessel morphology and hemodynamic analysis. It is therefore still needed
in CTA-negative cases of SAH. If the quality of the noninvasive images is suboptimal, treatment
decisions can be obtained after careful analysis of the angiography. For aneurysmal detection
and pre-therapeutic planning, 3D rotational angiography is considered the gold standard. If not
available, additional oblique views with magnification should be obtained for aneurysm detection
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and detailed pre-therapeutic morphologic analysis. Analysis must include location of the aneu-
rysm, incorporation of vessels in the aneurysm neck, width of the neck, size of the aneurysm,
presence and location of associated daughter aneurysms, vasospasm, and additional aneurysms.
Should the studies prove negative for aneurysm, they must then address vasculitis, cranial dural
arteriovenous fistulae, and sinus thrombosis as possible alternate etiologies for SAH.

Differential Diagnosis

Although more than 80% of SAHs are caused by aneurysmal rupture, other sources of SAH include
trauma (typically more peripheral and local and associated with other sequelae of trauma), arte-
riovenous malformation hemorrhage (classically associated with intraparenchymal bleed), dural
arteriovenous fistula with cortical venous reflux (especially a dural arteriovenous fistula within
the posterior fossa, which can present with SAH).

Perimesencephalic SAH: Patients are classically neurologically intact, with only slight nuchal
rigidity and a small amount of subarachnoid blood layered within and adjacent to the perimes-
encephalic cistern.

Treatment Options
CONSERVATIVE OR MEDICAL MANAGEMENT

Given the high rate of rebleeding, conservative management of an acutely ruptured aneurysm is
not recommended unless the patient’s clinical condition precludes active intervention. Aneurysms
should in principle be treated as soon as possible.

In the time interval between arrival in the hospital and treatment, principles of general care
include management of headache (paracetamol with or without codeine). Hypertension should
not be treated aggressively because it may act as a compensatory mechanism for the increased
intracranial pressure.

SURGICAL TREATMENT

Whether to clip or to coil is extensively discussed in Case 2. In the present case of a patient with
a large basilar tip aneurysm, the endovascular option is undoubtedly in most centers the therapy
of choice.

Treatment of hydrocephalus may be necessary in the acute setting together with extraventricular
drainage.

An indication for emergency surgical intervention is an aneurysm associated with a space-occu-
pying hematoma in a patient with a decreased level of consciousness.

ENDOVASCULAR TREATMENT

Endovascular options are considered the method of first choice in ruptured aneurysms of the
posterior circulation.

The general principle of treating these aneurysms is endosaccular deployment of platinum spirals
(coils), either with or without the assistance of devices such as balloons or stents (see Cases 5
and 6).

In many cases, the bleb (daughter aneurysm) indicates the point of rupture and therefore a seg-
ment of the aneurysm sac that is weaker than the remainder. Coiling of this bleb has to be done
either very carefully or not at all. In the present case, we allowed only one loop of a single coil to
enter the presumed point of rupture to avoid periprocedural repeated rupture. In cases in which
the bleb is located proximal to or very close to the neck, surgery may be indicated rather than
coil embolization.
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Possible Complications

e Periprocedural hemorrhage
e Thromboembolic complications
e Recanalization of the aneurysm

Published Literature on Treatment Options

Given the high risk for rebleeding with its associated mortality, there is no question that acutely
ruptured aneurysms should be treated. Concerning the timing of treatment, in most centers an acute
treatment is advocated. Even with an early and successful intervention, SAH is a devastating disease,
and the risk for a poor outcome is high. Factors associated with a poor outcome are poor clinical
status on admission, a large SAH, increasing age, posterior circulation location of the aneurysm, and
preexisting medical conditions. Neurologic complications due to hydrocephalus and vasospasm and
systemic complications with infections, cardiac problems (arryhthmia, myocardial infarction), or pul-
monary edema may all lead to a poor outcome.

Basilar apex aneurysms arise where the posterior cerebral arteries branch off from the tip of the
basilar artery. At the aneurysm site, the blood flow changes from vertical to nearly horizontal, so
these aneurysms project upward in the direction of the long axis of the basilar artery. The majority
of patients with basilar tip aneurysms display a relatively short basilar artery (caudal fusion disposi-
tion), with the tip of the basilar artery near the caudal end of the interpeduncular fossa. The neck of
the basilar aneurysm is preferentially located at the caudal part of the fusion. The largest and most
important perforators to arise from the basilar tip are the posterior thalamoperforating arteries (ret-
romammillary arteries). These originate from the basilar tip and P1 segment, enter the brain through
the posterior perforated substance in the interpeduncular fossa medial to the cerebral peduncles, and
ascend through the midbrain to the thalamus. On occasion, a single P1 perforator may supply both
thalami. Typically, the caudal portions of P1 supply their own sides, whereas the cranial segments of
P1 may supply bilateral territories. In patients with caudal fusions of the basilar artery, the posterior
communicating artery flows caudally and is likely to supply diencephalic-mesencephalic territories.
In patients with cranial fusion of the basilar artery, there is likely to be a basilar contribution to the
supply of this area. The risks from occlusion of these vital perforating vessels include visual loss,
weakness, memory deficits, autonomic and endocrine imbalance, abnormal movements, diplopia,
and depression of consciousness. Given the risk for surgical perforator occlusion, especially in larger
aneurysms, endovascular approaches have been widely adopted to treat basilar apex aneurysms.

The aim of endovascular treatment with platinum coils is to permanently occlude the aneu-
rysm lumen based on the following assumptions: Immediately after the coils are deployed in the
aneurysm, thrombocytes adhere to the coil loops because of changes in hemodynamics and flow
velocity followed by fibrous organization of the primary thrombus over the course of the follow-
ing days. According to the theory, mechanical stability is further increased over the next weeks by
collagenous extracellular matrix and granulation tissue between the coil loops that may then cre-
ate a foundation for neoendothelial sprouting from healthy vessel walls. Although these theoretical
considerations seem appealing, experimental results are not always accordant; the newly developed
thrombus, which mainly consists of erythrocytes captured within thin fibrin strings, may not be able
to withstand the arterial blood pressure and the presence of fibrinolytic agents in the circulating
blood. Moreover, physiologic thrombus retraction, the physical effects of the so-called water hammer
effect on the coil material, and the possible presence of old thrombus within the aneurysm dome
into which coil loops may be shifted, can lead to a delayed aneurysm regrowth. Despite the potential
of delayed recanalization of the aneurysm, the rebleeding rates of sufficiently coiled aneurysms are
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low, and endovascular treatment of cerebral aneurysms is an established option in the management
of ruptured aneurysms.

PEARLS AND PITFALLS

e The average annual risk for SAH is 10 to 21 per 100,000 people per year.

e Untreated ruptured aneurysms have a poor prognosis. Rebleeding is associated with a high mor-
tality rate and occurs more frequently in patients with poor clinical grades and within the first
48 hours following the acute SAH. Early treatment is therefore recommended.

e Aneurysms are classically found at branching points of the large basal intradural arteries.

e “Thunderclap” headaches are the most common presenting symptom and should lead to prompt
CT and (if negative) CSF analysis.

e DSA should be employed if CTA is negative in the setting of a classic SAH.

e (Coiling of basilar tip aneurysms is safe and effective in preventing recurrent hemorrhage. Follow-
up controls are mandatory to detect reopening, especially in large aneurysms.
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CASE 2

Case Description

Clinical Presentation

A 51-year-old man has an acute onset of headache without loss of con-
sciousness and without focal neurologic deficits. On arrival in the emer-
gency department, he exhibits photophobia and nuchal rigidity. Emergency
CT demonstrates a diffuse symmetric subarachnoid hemorrhage (SAH)
and no evidence of hydrocephalus. CTA reveals a multilobulated anterior
communicating artery aneurysm. Angiography is performed.

Fig. 2.1 DSA. Right ICA angiogram in (A) AP and (B) lateral views and (C) 3D reconstruction reveals a lobulated out-
pouching at the anterior communicating artery pointing anteroinferiorly, representing a ruptured aneurysm.

Radiologic Studies

DSA

After injection into the right internal carotid artery (ICA), the anterior communicating artery aneu-
rysm was identified pointing anteriorly and inferiorly with at least three lobules, each measuring ~4
mm. The neck of the aneurysm measured 3.8 mm. A rather acute angle between the ICA termination
and A1 was present (Fig. 2.1).

Diagnosis

Ruptured aneurysm of the anterior communicating artery

Treatment
EQUIPMENT

e Standard 6F access (puncture needle, 6F vascular sheath)

e A 6F multipurpose catheter (Envoy; Cordis, Warren, NJ) with continuous flush and a 0.035-in
hydrophilic guidewire (Terumo, Somerset, NJ)

e A 45-degree angled microcatheter with a 1.7F tip and a 0.0165-in inner lumen (Excelsior SL 10;
Boston Scientific, Natick, MA) with a 0.014-in guidewire (Synchro 14; Boston Scientific)

8
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e (oil selection: for framing of the distal (bilobed) portion, GDC 360-degree soft coil 5 mm x 9 cm
(Boston Scientific) and subsequent filling with DeltaPaq coil 3 x 8 (Micrus, San Jose, CA); for the
proximal portion, MicruSphere 3 mm x 5.4 cm (Micrus) and subsequent filling with DeltaPaq coil
2 mm x 2 cm (Micrus)

¢ Contrast material

e Heparin

DESCRIPTION

The 6F multipurpose catheter was advanced into the right distal ICA. Over a J-shaped micro-guide-
wire, the acutely angulated A1 segment was catheterized by retracting the |-shaped guidewire from
the M1 segment to hook up into the A1 segment and then slowly advancing both the microcatheter
and the guidewire. To navigate the microcatheter around the acute curve, the guidewire was sub-
sequently placed into the right distal A2 segment. Once the microcatheter was within the Al seg-
ment, the guidewire was retracted and navigated into the aneurysm. The slack was removed from
the system, and the catheter was slowly navigated into the distal lobulated part of the aneurysm.
The first two coils were aimed at framing the distal part of the aneurysm. This part was then filled
with DeltaPaq coils, which allowed good filling of the distal part of the aneurysm. The catheter was
then gently retracted, and the second part of the aneurysm was coiled. Given its rounder shape, a
MicruSphere coil was chosen for framing, followed by DeltaPaq coils for subsequent filling. The final
result demonstrated complete occlusion of the aneurysm and no missing branches (Fig. 2.2). The
patient had an uneventful recovery.

Discussion

Background

For ruptured aneurysms, two major treatment options are available: neurosurgical clip ligation and
endovascular coil treatment. Following its first clinical use in 1990, coil embolization was primarily
reserved for those aneurysms that were difficult to access surgically and for patients with poor clini-
cal grades. Since publication of the results of the International Subarachnoid Aneurysm Trial (ISAT),
however, the endovascular treatment of cerebral aneurysms has gained more acceptance and is now
regarded in most centers as the technique of choice for the treatment of ruptured aneurysms. The
ISAT demonstrated that patients with aneurysms rated by both the neurosurgeon and the interven-
tional neuroradiologist as possible candidates for their respective therapies had a better outcome

Fig. 2.2 Right ICA angiogram in the working
projection following embolization of (A) the
distal and (B) the proximal compartments.
No filling of the aneurysm sac with contrast
is seen after the coiling.
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concerning morbidity, dependency, and mortality when they underwent endovascular treatment.
Approximately 10,000 patients with acute SAH were screened; of those, slightly more than 20% (n
= 2143) were included in the study as eligible for both treatment options and were randomized to
either surgery or coiling. The rate of death or dependency was 23.7% in the endovascular group and
30.6% in the surgical group at 1 year, resulting in relative and absolute risk reductions for death
or dependency after endovascular treatment of 22.6% (95% CI [confidence interval], 8.9-34.2%) and
6.9% (95% Cl, 2.5-11.3%), respectively. The study concluded that outcome in terms of survival free of
disability at 1 year was better with endovascular options. The recently published long-term results
(mean follow-up, 9 years; range, 6-14 years) confirm the positive trend for endovascular treatment
options, with a significantly decreased risk for death at 5 years in the endovascular group (relative
risk, 0.77; 95% CI, 0.61-0.98; p = 0.03). However, the proportions of survivors at 5 years who were
independent did not differ between the two groups: endovascular 83% (626 of 755) and neurosurgical
82% (584 of 713). The risk for rebleeding was higher in the endovascular group (11 rebleeds vs. 2);
however, it was still very low, with a cumulative risk for rebleeding after 6 years of ~1%.

Noninvasive and Invasive Imaging Workup

e Imaging workup (CT, CTA, or DSA) must detail imaging features that are important in deciding
whether to treat by neurosurgical or endovascular approaches and, if an endovascular approach
is chosen, what kinds of devices and techniques to employ for the procedure.
¢ Brain
e Hydrocephalus
e Intraparenchymal blood, mass effect, midline shift
e Fisher grade of SAH and blood distribution
e Edema/swelling
e Arterial access
e Tortuosity of vessels at the neck
e (alcifications or stenoses of major arteries supplying brain
e Arterial variations
e Aneurysm morphology
e Size, configuration, and direction of the aneurysm dome; presence or absence and location of
aneurysm blebs (daughter aneurysms)

e Neck morphology, including width of the aneurysm neck, incorporation of parent vessel, per-
forator or branching vessel into the neck of the aneurysm

e (Calcifications of the aneurysm neck or its dome

e Location of adjacent perforating arteries, presence of local or global vasospasm

e Other aneurysms

Treatment Options
SURGICAL TREATMENT

e Microsurgical clip ligation is considered a durable treatment for ruptured intracranial aneurysms;
its success is based on surgical accessibility.

e Surgical access to the middle cerebral artery, the ICA termination, and the posterior communi-
cating artery is relatively easily obtained. Access to the anterior communicating artery allows,
in addition to clip ligation, fenestration of the lamina terminalis, which may reduce the number
of cases of shunt-dependent hydrocephalus. Access to the posterior circulation, or the supra-oph-
thalmic ICA, is considered more challenging.
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e Anterior communicating artery aneurysms that are pointing caudally and anteriorly are consid-
ered to be more readily accessible than those pointing cranially and posteriorly.

e Surgery during the acute phase of SAH in a patient with an edematous brain may require more
brain retraction, especially if the aneurysm has a deep location.

ENDOVASCULAR TREATMENT

e Endovascular coil embolization is an established alternative to surgical treatment options.
e [ts success is mainly based on aneurysm morphology (size of the aneurysm, neck-to-dome ratio,
perforators at the neck) and arterial access (tortuosity of vessels).

Possible Complications
See also Cases 6, 8, 9, and 10.

e Thromboembolic complications
e Periprocedural rupture
e Unproven long-term stability

Published Literature on Treatment Options

The percentage of patients harboring a residual neck or body remnant of the aneurysm after coil
treatment ranges between 5 and 20%, and 15 to 35% of patients will in time demonstrate recanaliza-
tion of the aneurysm. Consequently, the risk for rebleeding is higher after coiling than after clipping.
As late rebleeding occurs more often in patients treated by coil embolization (0.152%/y in ISAT, up to
0.3%/y in the literature vs. 0.03% for surgery), the question arises whether in younger patients with
a longer life expectancy the superiority of the initial post-interventional results may be offset by
the rate of late rebleeding. In addition, the ISAT subgroup analysis of patients younger than 40 years
demonstrated that the difference between poor outcome rates of coiled versus clipped aneurysms
was very small in this age group. This led to the conclusion in a recently published study by Mitchell
et al that in the younger age group, clip ligation may be favored over coil placement. This notion
is further supported by experimental results that demonstrated stable aneurysm occlusion, with
neoendothelium covering the former aneurysm neck in clipped aneurysms, whereas in coiled aneu-
rysms no stable occlusion was visualized. However, over the past years, endovascular methods have
improved considerably, with new coils and device-assisted coiling, whereas there has been very little
change in neurosurgical techniques. It is therefore likely that the rate of recurrent SAH will decrease
while the safety of the endovascular treatments will increase. This was confirmed by Schaafsma et
al in a study of recurrent SAH within the first 8 years after treatment in 283 coiled patients with a
total follow-up of 1778 patient-years; the cumulative incidence was 0.4% (95% CI, -0.4 to 1.2) after
coiling versus 2.6% (95% CI, 1.2-4.0) after clipping. The rates of rebleeding after adequate coiling of
aneurysms are therefore equal to those after clipping.

The results of ISAT, including the long-term results, indicate the superiority of endovascular treat-
ment options for those aneurysms deemed suitable for both surgery and endovascular approaches.
The results can therefore not be generalized to all ruptured aneurysms and all neurosurgical/endo-
vascular teams. Instead, the results of ISAT must be extrapolated to individual patients after all the
different factors that may play a role in the treatment decision have been considered, including the
etiology of the aneurysm, the age and clinical status of the patient, the respective neurosurgical and
endovascular experience and skills available, the anatomy and location of the aneurysm with regard
to feasibility of the endovascular or surgical approach, and the equipment and material available
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and the comfort with which the treating team may use them. Finally, factors such as the health care
environment and the patient’s or family’s wishes may play a role in the treatment decision.

PEARLS AND PITFALLS

e Endovascular treatment should be favored over surgical treatment if both the neurosurgeon and
the interventionalist agree that the aneurysm is suitable for treatment with both methods.

e The imaging workup must provide the details needed for the treatment decision.

e An anterior communicating artery aneurysm may not be visualized on angiography because of
flow competition phenomenon from the contralateral A1 segment. In these instances, compres-
sion of the contralateral ICA during contrast injection or bilateral ICA injections may be helpful.
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CASE 3

Case Description

Clinical Presentation

A 44-year-old woman with a long-standing history of migraines has what
she describes as atypically severe headaches 4 days before admission.
Because the headaches do not vanish and have increased slightly over
time, she seeks the advice of her family physician, who orders CT.

Fig. 3.1 (A) Unenhanced axial CT shows minimal symmetric hyperdensity along the suprasellar and MCA cisterns bilater-
ally. (B) Left ICA angiogram in AP view and (C) right ICA angiogram in lateral view reveal aneurysms at the left carotid
termination and right posterior communicating artery origin.

Radiologic Studies
cT

Unenhanced CT demonstrated a small amount of subarachnoidal blood with a symmetric distribution
(Fig. 3.1A). There was mild enlargement of the ventricles.

DSA

After injection into the left internal carotid artery (ICA), a round carotid termination aneurysm was
found, and injection into the right ICA demonstrated a posterior communicating artery aneurysm
(Fig. 3.1 B,C).

Diagnosis

Multiple aneurysms

13
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Treatment
EQUIPMENT

e Standard 6F access (puncture needle, 6F vascular sheath)

e A G6F multipurpose catheter (Guider Soft Tip; Boston Scientific, Natick, MA) with continuous flush
and a 0.035-in hydrophilic guidewire (Terumo, Somerset, NJ)

e A 45-degree angled microcatheter with a 1.7F tip and a 0.0165-ininner lumen (Excelsior SL 10;
Boston Scientific) with a 0.014-in guidewire (Synchro 14; Boston Scientific)

e (Coil selection: left ICA termination, GDC 10 360-degree soft SR coils 6 mm x 11 cm; right posterior
communicating artery, GDC 10 360-degree soft SR coils 5 mm x 9 cm); subsequent filling with
GDC 10 2D soft SR coils and GDC 10 Ultrasoft (all, Boston Scientific)

e Contrast material

e Heparin

DESCRIPTION

Because it could not be decided which aneurysm was ruptured and because both aneurysms were
not deemed accessible via the same craniotomy, embolization with occlusion of both aneurysms
was performed in the same setting. The 6F multipurpose catheter was placed in the left ICA, and 3D
angiography was performed to obtain the working projection. Catheterization and subsequent coil-
ing of the left ICA termination aneurysm was performed under roadmap conditions in the working
projection after framing with a complex (GDC 10 360-degree) coil and subsequent filling with soft
helical coils. Subsequently, the same procedure was repeated for the right side with uneventful coil-
ing of the right posterior communicating artery aneurysm (Fig. 3.2). The procedure was performed
under heparin. The patient awoke from anesthesia without neurologic deficits and had an unevent-
ful recovery. She will be followed with noninvasive imaging to evaluate the stability of the coiled
aneurysms and to screen for possible de novo aneurysms.

Discussion

Background

The incidence of multiple intracranial aneurysms appears to be extremely variable, depending in
part on the patient population (whether the series included surgical, radiologic, or autopsy findings
and whether the aneurysms were ruptured or unruptured). The prevalence of multiple intracranial
aneurysms varies between 25 and 31% in autopsy series and between 12 and 26% in larger clinical
series. Female patients account for 60 to 81% of those with multiple aneurysms. The ICA and middle
cerebral artery (MCA) are most prone to the formation of multiple aneurysms. A special subgroup of
multiple aneurysms are the “mirror-like” or “twin” aneurysms at symmetric sites on each side. Twin
aneurysms occur in ~5 to 10% of all patients with aneurysms, but in as many as 36% of all patients
with multiple aneurysms. They are found in all intracranial vessels but are most common in the MCA.
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Fig. 3.2 DSA. Post-coiling angio-
grams of (A) the left ICA in AP view
and (B) the right ICA in lateral view
demonstrate no residual contrast
filling of both aneurysms.

.
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They exhibit a familial association, and they tend to rupture earlier in life than “classic” aneurysms.
If multiple aneurysms are found in a patient presenting with a subarachnoid hemorrhage (SAH), the
question of which one of the aneurysms has ruptured must be raised. Imaging can in most instances
help to define the culprit aneurysm, which can then be targeted for priority treatment.

Noninvasive Imaging Workup
CT/MRI

If intraparenchymal blood is present, the ruptured aneurysm will be easy to identify because it
will point toward the blood clot. Classic sites of intraparenchymal bleeding are the orbitofrontal
gyri or the gyrus rectus in anterior communicating artery aneurysms and the frontal operculum
in MCA aneurysms.

The subarachnoidal blood distribution can also help to determine the culprit aneurysm (Fig. 3.3).
Focal clot surrounding the ruptured aneurysm may be present. Lateralized aneurysms (MCA, ICA
termination, or posterior communicating artery) will classically have a lateralized blood distribu-
tion, and the more lateral their location, the more pronounced the lateralization of blood. Midline
aneurysms (basilar tip, anterior communicating artery) will have a more symmetric blood distri-
bution. In the craniocaudal direction, a more prominent blood distribution in the posterior fossa,
surrounding the brainstem, in the quadrigeminal, cistern, or along the tentorium speaks in favor
of posterior communicating artery, vertebral artery, or basilar artery tip aneurysms, whereas
ruptured MCA and anterior communicating artery aneurysms tend to have more blood in the
supratentorial compartments (interhemispheric fissure and sylvian fissure, respectively).

As demonstrated in the present case, the pattern of blood distribution is valid only in the acute
stages of an SAH.
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Fig. 3.3 (A-D) Unenhanced CT scans from different patients demonstrating blood distribution pat-
terns that can predict the location of a ruptured aneurysm. (A) Intraparenchymal hemorrhage close
to the MCA cistern from a ruptured MCA aneurysm. (B) Hemorrhage in the orbitofrontal and cingu-
late gyri from a ruptured anterior communicating artery aneurysm. (C) Symmetric blood distribution
(— midline location) that is more pronounced infratentorially from a ruptured basilar artery tip
aneurysm. (D) Asymmetric supratentorial blood distribution from a ruptured MCA aneurysm.

CTA/MRA OR DSA

Angiography can also reveal information about the culprit aneurysm, which is classically larger
than the unruptured aneurysm and more irregular in shape (Fig. 3.4).

Aneurysms blebs, or “daughter aneurysms,” are classic indicators of rupture.

Contrast stagnation within a bleb on the late venous phases of DSA speaks clearly in favor of the
rupture point.

Extravasation of contrast at the time of angiography very rarely occurs but will identify the bleed-
ing aneurysm.

An aspect ratio (i.e., the ratio of the depth of the aneurysm to the width of the aneurysm neck)
of more than 1.6 is present in the vast majority of ruptured aneurysms (80%), whereas an aspect
ratio of less than 1.6 is present in 90% of unruptured aneurysms.

Focal localized vasospasm is classically present at the ruptured aneurysm site.
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Fig. 3.4 (A-C) The classic morphologic identifiers of a ruptured aneurysm are presented here in three different ruptured
posterior communicating artery aneurysms, all of which have an irreqular shape with (A) an additional “bleb,” (B) a high
aspect ratio, and (C) focal vasospasm localized to the parent vessel (ICA).

Treatment Options

e If a patient with multiple aneurysms presents with SAH and it is uncertain which one is respon-
sible for the bleed, then all aneurysms must be treated and secured.

e Surgical and endovascular treatments are available, as discussed in Cases 1 and 2. In the case of
multiplicity, surgery has been advocated for those aneurysms that can be reached via the same
craniotomy, whereas, in our opinion, endovascular options should be favored if multiple crani-
otomies are necessary to occlude all aneurysms.

Possible Complications

e All the complications detailed in Cases 8, 9, and 10 may occur.

Published Literature on Treatment Options

Surgery has been recommended for patients with multiple aneurysms because of the ability to treat
the different aneurysms via the same surgical exposure and in the same surgical session. It has been
estimated that between 50 and 70% of patients with multiple aneurysms can have all their aneurysms
treated via a single craniotomy. Because multifocality may indicate an underlying vessel wall weak-
ness with a subsequently higher risk for aneurysm regrowth over time, a more definitive treatment,
such as clipping, may also speak in favor of surgery. However, for patients in whom multiple crani-
otomies would be necessary to treat all the aneurysms, the benefits of surgery are less obvious, and
one may instead argue that an endovascular approach is much less invasive as long as the multiple
aneurysms can be treated within a single endovascular setting, as was done in our case.

In our practice, we first determine which is the ruptured aneurysm by means of imaging data, as
outlined above. The treatment decision is then based on neurosurgical versus endovascular accessibil-
ity and predicted outcome, with the International Subarachnoid Aneurysm Trial (ISAT) data taken into
account. It is only secondarily that the argument with respect to multiplicity is taken into account
based on the considerations described in the first paragraph of this section. If we are unsure about
which aneurysm has ruptured, all aneurysms are treated at the same time.

Previous aneurysmal SAH is considered a major risk factor for subsequent hemorrhage from
another, yet unruptured aneurysm. Therefore, treatment of these aneurysms is recommended. In
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ISAT, of 24 observed rebleeds, 11 occurred from another aneurysm, four of which had been present
at the initial angiogram and the remainder of which presented as de novo aneurysms. In a cohort of
more than 600 patients treated with clipping, 129 aneurysms were detected after a mean interval of
8 years; 20% of these were at the site of previous rupture, 80% were remote from it. Thirty percent of
them were truly de novo aneurysms, the others having already been there at presentation. Growth
was noted in 25% of the followed aneurysms. This underlines in our opinion the need and benefit of
continuous screening of patients with SAH to detect the development of additional aneurysms.

In patients with multiple aneurysms, the physician should actively seek an underlying disease
such as polycystic kidney disease, connective tissue diseases (fibromuscular dysplasia, Marfan syn-
drome, Ehlers-Danlos type 4 syndrome), neurofibromatosis, and familial occurrence with potential
genetic influences, and also rarer diseases such as cardiac myxoma. Patients must be discouraged
from smoking because smoking is a major risk factor for rebleeding from a secondary aneurysm.

PEARLS AND PITFALLS

e Multiple aneurysms occur in 20% of cases, and a detailed angiographic workup (either by four-
vessel angiography or high-quality noninvasive imaging) is therefore necessary in all patients with
SAH.

e Blood distribution on CT and aneurysm morphology can determine the culprit aneurysm in most
instances. If the culprit aneurysm cannot be identified, all aneurysms must be treated.

e Patients with a previous SAH have a substantial risk for new aneurysm formation and the enlarge-
ment of untreated aneurysms. Screening these patients may be beneficial, especially those with
multiple aneurysms, hypertension, and a history of smoking.

e Surgery has been advocated for those aneurysms that can be treated via the same craniotomy.

Further Reading

Baccin CE, Krings T, Alvarez H, Ozanne A, Lasjaunias P. Multiple mirror-like intracranial aneurysms.
Report of a case and review of the literature. Acta Neurochir (Wien) 2006;148(10):1091-1095, dis-
cussion 1095

Imhof HG, Yonekawa Y. Management of ruptured aneurysms combined with coexisting aneurysms.
Acta Neurochir Suppl (Wien) 2005;94:93-96

Porter PJ, Mazighi M, Rodesch G, et al. Endovascular and surgical management of multiple intradural
aneurysms: review of 122 patients managed between 1993 and 1999. Interventional Neuroradiology
2001;7(4):291-302

Ujiie H, Tamano Y, Sasaki K, Hori T. Is the aspect ratio a reliable index for predicting the rupture of
a saccular aneurysm? Neurosurgery 2001;48(3):495-502, discussion 502-503

Wermer M], van der Schaaf IC, Velthuis BK, Algra A, Buskens E, Rinkel GJ; ASTRA Study Group. Follow-
up screening after subarachnoid haemorrhage: frequency and determinants of new aneurysms and
enlargement of existing aneurysms. Brain 2005;128(Pt 10):2421-2429



CASE 4

Case Description

Clinical Presentation

A 20-year-old woman with a positive family history of subarachnoid hem-
orrhage (SAH) is screened for aneurysms. (The patient’s mother and the
mother’s sister both had aneurysmal SAH.) MRA shows an internal carotid
artery (ICA) termination aneurysm, and the patient is referred to us for
further management. The patient is a heavy smoker.

Fig. 4.1 DSA. Left ICA angiogram in (A) AP view and (B) 3D transparent volume rendering
shows a left carotid termination aneurysm.

Radiologic Studies
DSA

After injection into the left ICA, a carotid termination aneurysm was seen with a maximum diameter
of 6 mm, a small neck, and no daughter aneurysms (Fig. 4.1). The remainder of the examination was
unremarkable.

Diagnosis

Unruptured aneurysm of the ICA termination
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Treatment
EQUIPMENT

e Standard 6F access (puncture needle, 6F vascular sheath)

e A 6F multipurpose catheter (Envoy; Cordis, Warren, NJ) with continuous flush and a 0.035-in
hydrophilic guidewire (Terumo, Somerset, NJ)

e A 45-degree angled microcatheter with a 2 tip and a 0.019-in inner lumen (Excelsior 10-18;
Boston Scientific, Natick, MA) with a 0.014-in guidewire (Synchro 14; Boston Scientific)

e (oil selection: for framing, GDC 18 360-degree coils 6 mm x 20 cm; for subsequent filling and
finishing, GDC 10 regular and soft coils (stretch-resistant) with progressive downsizing (Boston

Scientific)
e (Contrast material
e Heparin
DESCRIPTION

Although the International Study on Unruptured Aneurysms (ISUIA) reported a 5-year risk for the
rupture of anterior circulation aneurysms less than 7 mm in size to be close to 0 and the treatment-
related risk to be ~10%, treatment was decided upon in this case, given the expected lower risk of
treatment in a young patient with a medium-size aneurysm having a small neck and the expected
higher natural history risk in a patient with (1) a positive family history, (2) female gender, (3) a long
life expectancy, and (4) a history of smoking. A 6F multipurpose catheter was introduced into the
left ICA, and 3000 units of heparin were given. Following a roadmap in the working projection, the
microcatheter was advanced over the micro-guidewire and placed close to the entrance of the aneu-
rysm, from which deployment of the first coil was started. Once this coil was deployed, the catheter
was slightly advanced into the aneurysm, and subsequent coiling with smaller and softer coils was
performed until a dense coil mesh was obtained. Control series via the guiding catheter demonstrated
complete occlusion of the aneurysm (Fig. 4.2). The micro-guidewire was advanced, straightening the
catheter, and the microcatheter was slowly withdrawn from the aneurysm, with care taken to prevent
any coil loops from exiting the aneurysm. The patient awoke without any neurologic deficits. Follow-
up control after 1 year demonstrated stable results and no de novo formation of aneurysms.

Fig. 4.2 DSA. Left ICA angiograms in the working projection (A) before and (B) after coiling. (C) Final control angiogram
of the left ICA in AP view shows no residual filling of the aneurysm sac.
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Discussion

Background

Depending on the study cited, the prevalence of arterial aneurysms is between 2 and 5% of the
general population, approximately 10 times higher than the frequency of arteriovenous malforma-
tions in the same group. In a recent meta-analysis, a prevalence of intracranial aneurysms in adults
of 2.3% was found, with an increasing prevalence in elderly patients and a slight predominance in
females. A positive family history and the presence of polycystic kidney disease were associated with
a higher rate of intracranial aneurysms. Given the high morbidity and mortality rates associated with
aneurysms, the treatment of incidental aneurysms has to be based on a comparison of the risks of
their natural history versus the risks of treatment. The risk for rupture of intracranial aneurysms
was evaluated in a recent meta-analysis by Wermer et al. They found that the risk for rupture was
increased in female patients, in those with a history of smoking, in elderly patients, and in patients
of Japanese or Finnish descent. Larger aneurysms, posterior circulation aneurysms, and aneurysms
in patients who had other, previously ruptured aneurysms were also associated with a higher risk
for hemorrhage. This meta-analysis found the overall annual risk for hemorrhage of an unruptured
aneurysm to be 0.7%. In the WHO MONICA study of stroke by Ingall et al, a total of 3368 SAH events
recorded during 35.9 million person-years of observation in 11 populations in Europe and China
comprising 25- to 64-year-old men and women resulted in SAH rates of 7 to 21 per 100,000 persons
per year. Given the rate of aneurysm occurrence of ~2%, a risk for rupture of unruptured aneurysms of
0.3 to 1% per year can therefore be expected. These values (derived from a meta-analysis of 19 stud-
ies including ISUIA and a validated prospective population-based study) are in striking contradiction
to those of ISUIA 2 and ISUIA 3. ISUIA prospectively investigated the natural history of unruptured
aneurysms and evaluated the risks of surgical and endovascular treatment in 4060 patients, 1692 of
whom received no treatment.

Table 4.1 demonstrates the cumulative risks for bleeding in 5 years stratified according to aneu-
rysm location (anterior circulation [excluding the posterior communicating artery] versus posterior
circulation), aneurysm size, and history of previously bled aneurysm (group 2) versus no previously
ruptured aneurysm (group 1). The discrepancy between these findings and our clinical experience
in daily practice (i.e., most ruptured aneurysms are anterior circulation aneurysms < 7 mm in size)
has been the subject of considerable discussion. Likewise, the procedural risks reported in this study
(a surgical therapeutic risk of slightly > 10% and an endovascular risk of ~9%) are in striking contrast
to those reported in other, larger studies on treatment-related risks, which are in the range of 4%.
Although it is beyond the scope of this book, which is a case-based compilation of endovascular

Table 4.1 From ISUIA 2: 5-Year Cumulative Rupture Rates According to Size and Location of Unruptured
Aneurysm

<7 mm, % 7-12 mm, % 13-24 mm, % 2 25 mm, %
Cavernous carotid artery 0* of 0 3.0 6.4
Anterior circulation (excluding PcomA) 0* 1.57 2.6 14.5 40
Posterior circulation (including PcomA) 2.5% 3.4 14.5 18.4 50

*Patients without previous SAH from other aneurysm
Patients with previous SAH from other aneurysm
Abbreviations: ISUIA, International Study on Unruptured Aneurysms; PcomA, posterior communicating artery

Source: Wiebers DO, Whisnant JP, Huston ] 3rd, et al. Unruptured intracranial aneurysms: natural history, clinical outcome, and risks of
surgical and endovascular treatment. Lancet 2003; 362(9378):103-110. Reprinted with permission.
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procedures, to discuss in detail the potential shortcomings of ISUIA, the following comments can
be made: The hemorrhagic risk in the anterior circulation, despite being low, is implausibly low at
0; likewise, the procedural risk of 10% is implausibly high. The study does not take into consider-
ation individual features of the aneurysm (e.g., aneurysm morphology [aspect ratio, blebs, irregu-
lar shape], aneurysm growth over time, intra-aneurysmal flow dynamics or associated vessel wall
disease, aneurysm etiology, associated calcifications, multiplicity of aneurysms, associated arterial
variations), nor does it account for individual patient characteristics (female vs. male gender, family
history of aneurysms or SAH, history of smoking or hypertension, ethnic descent). Finally, it does
not take into account the experience of the local treatment team that the neurointerventionalists
and neurosurgeons must quote to the patient during the process of informed consent. Therefore, a
strict adherence to the numbers in this study without a consideration of the individual patient, the
individual aneurysm, and the experience of the local treating team is in our opinion not correct.

Noninvasive Imaging Workup
PHYSICAL EXAMINATION

e Unruptured aneurysms are usually clinically silent.

e Posterior communicating artery and superior cerebellar aneurysms may become symptomatic
with oculomotor nerve palsy due to pulsations, and the sudden occurrence of a cranial nerve III
palsy is in our opinion a warning sign of the acute growth of an aneurysm. These patients are
treated urgently, even if they do not present with SAH.

e Giant aneurysms may become symptomatic because of mass effect. The treatment of these lesions
is detailed in Case 11.

e In patients with the sudden onset of severe headache without evidence of SAH on cerebrospinal
fluid analysis or CT, a warning leak must be taken into consideration, and treatment of these
aneurysms may be expedited.

CT/CTA

e Although unenhanced CT plays a role in detecting calcifications and demonstrating mass effect,
CTA will demonstrate the aneurysm, its size, the neck, the potential for endovascular access, and
other, associated aneurysms and thereby will risk-stratify the individual unruptured aneurysm.

e (TA can be used to follow untreated patients to evaluate potential lesion growth; however, radia-
tion issues may make time-of-flight (TOF) MRA preferable.

MRI/MRA

e MRI and MRA are used to screen patients with familial aneurysms because no radiation is nec-
essary and no contrast has to be given. We employ TOF MRA, preferably at 3 tesla (T), to screen
and, if a conservative management is adopted, to follow the patient.

e With current treatment-associated morbidities taken into consideration, screening of the first-
degree relatives of patients with sporadic aneurysmal SAH is not indicated; to prevent one SAH,
149 relatives must be screened.

e However, screening of relatives is indicated in the case of familial aneurysms because the relative
risk for aneurysms in first-degree relatives is 4.2 (compared with 1.8 in families in which only one
member has had an aneurysm). In addition, in the subgroup of patients with familial aneurysms,
the risk for an SAH resulting from an aneurysm is four times greater than the risk in the general
population.

e Screening is also necessary in the identical twin of a patient with an aneurysm.

e Repeat screening is recommended approximately every 5 years.
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Invasive Imaging Workup

e With better image quality and image reconstruction algorithms, angiography is rarely needed for
the diagnostic workup of patients with unruptured aneurysms because the data needed to decide
on treatment or conservative management as well as the treatment modality are readily obtain-
able by noninvasive imaging modalities. If endovascular options are contemplated, we perform
a 3D rotational angiography as well as standard AP and lateral views of the vessel of interest,
followed by an injection in the working projection.

Treatment Options
CONSERVATIVE OR MEDICAL MANAGEMENT

e As detailed above, conservative treatment must be considered, especially in the case of small aneu-
rysms in the anterior circulation in elderly patients and in patients with a shorter life expectancy.

SURGICAL TREATMENT

e Surgical management consists of clip ligation of the aneurysm following craniotomy.

ENDOVASCULAR TREATMENT

e Endovascular treatment options for small unruptured aneurysms are coil embolization (with or
without device assistance; e.g., stent, balloon). In small-necked aneurysms, like the one in this
case, unassisted endovascular coiling is in most instances possible. For unruptured aneurysms,
we tend to use the slightly stiffer 18 coils.

Possible Complications

e Thromboembolic complications
e Periprocedural aneurysm rupture
e Aneurysm recanalization

Published Literature on Treatment Options

Based on the above-mentioned considerations regarding the shortcomings of ISUIA and based on
other studies of the natural history risk of unruptured aneurysms, we recommend the treatment
of posterior circulation unruptured intracranial aneurysms (including those of the posterior com-
municating artery) larger than 3 mm and the treatment of anterior circulation aneurysms larger
than 7 mm. The treatment of anterior circulation unruptured aneurysms smaller than 7 mm should
be individualized based on the age and family history of the patient, previous hemorrhage, and the
aneurysm shape and growth. If conservative management is adopted, follow-up noninvasive imag-
ing is performed in our center (preferably with unenhanced TOF MRA at 3 T) to rule out aneu-
rysm growth over time. If invasive management is proposed, then as the next step the treatment
modality has to be determined. Again, this has to be individualized based on the age of the patient,
the location and shape of the aneurysm, the treatment team’s capability (including its morbidity
and mortality record), and the patient’s preference. In ISUIA, there was a slightly better outcome in
patients treated by endovascular means. However, this has to be weighed against (1) the higher risk
for residual aneurysms after coiling (5-20% in the literature following coiling, 0-3% after clipping),
(2) the higher risk for aneurysm recanalization after coiling (15-35% vs. 0-5%), and consequently the
higher re-treatment rates following coiling (5-13%). In addition to these considerations, decisions
about what therapy to choose depend on the location of the aneurysm (with posterior circulation
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aneurysms more likely candidates for endovascular treatments), its morphology (incorporation of
vessels at the aneurysm neck favors surgical techniques, whereas perforators surrounding the neck
are more easily treated by endovascular options), and its size (very small and very large aneurysms
are more likely to be treated surgically). If calcifications are present at the aneurysm neck, surgery
may be more dangerous. On the other hand, in patients with kidney disease, the contrast material
and the necessity of follow-up studies will likely favor surgical therapy. In patients with significant
atherosclerosis and significant tortuosity and ectasia of the vasculature, endovascular access may be
difficult and dangerous.

PEARLS AND PITFALLS

e The risk for future rupture of an unruptured aneurysm increases when the patient is female; has
a history of previous SAH from a different aneurysm; an aneurysm larger than 7 mm; an aneu-
rysm of the posterior circulation, or a family history of aneurysm; and lives in certain geographic
locations.

e Screening in familial forms of SAH is recommended.

e Treatment recommendations should take into account the individual history, the aneurysm mor-
phology, and the experience of the treating team and should not be based only on ISUIA.
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CASE 5

Case Description

Clinical Presentation

A 57-year-old woman is found unconscious by her daughter. On arrival
in the emergency department, she has a Glasgow Coma Scale score of 5.
Emergency CT demonstrates subarachnoid hemorrhage with a significant
amount of intraventricular blood. Following bilateral external ventricular
drainages, the patient localizes to pain stimulation and treatment is con-
templated.

Fig. 5.1 (A) Unenhanced axial CT shows diffuse subarachnoid hemorrhage bilaterally and focal
clot within the interhemispheric fissure. Intraventricular hemorrhage in the lateral ventricles is
also observed bilaterally. (B) 3D CTA reveals a large lobulated aneurysm of the anterior com-
municating artery.

Radiologic Studies
CT|CTA

CT demonstrated bilateral symmetric blood, intraventricular hemorrhage, and blood in the inter-
hemispheric fissure. CTA demonstrated as the source of bleeding a lobulated 4 x 3-mm anterior
communicating artery aneurysm with a 3.5-mm broad neck (Fig. 5.1).

Diagnosis

Wide-necked ruptured aneurysm of the anterior communicating artery

Treatment
EQUIPMENT
e Bifemoral standard 6F access (puncture needle, 6F vascular sheath)

e A 2 x 6F multipurpose catheter (Envoy; Cordis, Warren, NJ) with continuous flush and a 0.035-in
hydrophilic guidewire (Terumo, Somerset, NJ)
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A straight microcatheter with a 1.7F tip and a 0.0165-in inner lumen (Excelsior SL 10; Boston
Scientific, Natick, MA) with a 0.014-in guidewire (Transend 10 Platinum Tip, Boston Scientific)
A 4 x 7-mm HyperForm balloon (ev3, Plymouth, MN)

Coil selection: for framing, 3.5 x 5 TruFill DCS orbit (Cordis); for subsequent filling and finishing,
MicroPlex 10 HyperSoft helical coils 2 mm x 3 cm, 2 mm x 1 cm, 2 mm x 1 cm (MicroVention,
Tustin, CA)

Contrast material

Heparin

DESCRIPTION

The 6F multipurpose catheter was placed in the left internal carotid artery (ICA). An attempt was
made to navigate the balloon from the left ICA across the anterior communicating artery and the
aneurysm neck into the right A2 segment; however, the guidewire could not be positioned into the

Fig. 5.2 (A) 3D angiography of the right ICA in oblique AP view reveals the wide neck of the anterior com-
municating artery aneurysm. (B) Unsubtracted image before deployment of the first coil shows the balloon
crossing from the right ICA into the left A2 segment, bridging the aneurysm neck, and the microcatheter
being placed from the left ICA into the aneurysm. (C) Unsubtracted image demonstrates the “down-the-
barrel” view of the coil with the balloon inflated. (D) Right ICA angiogram in the working projection shows
subsequent remodeling of the parent vessel and the result of the first framing coil.
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A2 segment. Subsequently, the guiding catheter was navigated into the right ICA, from which balloon
placement over the neck into the left A2 segment proved possible. Given the caliber of the Al seg-
ment, we decided to introduce the microcatheter from the left side, and a second guiding catheter
was introduced. The microcatheter could be introduced into the aneurysm, where the first coil was
subsequently deployed with the balloon inflated to prevent coil protrusion into the parent artery.
Deflation of the balloon verified stability of the coil, which was then detached (Fig. 5.2). The same
procedure was repeated for the other coils, resulting in complete occlusion of the aneurysm with no
evidence of thromboembolic complications (Fig. 5.3). At the end of the procedure, given the rather
broad neck of the aneurysm, heparin was not reversed.

Discussion

Background

One of the main factors limiting the endovascular treatment of intracranial aneurysms is the shape
of the aneurysmal sac, particularly the width of the neck. Wide-necked aneurysms were therefore
treated with surgery rather than with endovascular options. The balloon-remodeling technique that
was first described by Moret et al in 1997 helped to overcome this problem and expanded the number
of aneurysms treatable by endovascular means.

Noninvasive Imaging Workup
CTA|DSA

e In cases in which the imaging workup demonstrates a wide-necked aneurysm, accessibility for
the potential use of a balloon system must be evaluated.

e Because balloon deployment may include crossover techniques, the size of the anterior and pos-
terior communicating arteries must be determined if they are to be a potential route by which
to advance the balloon over the aneurysm neck.

Fig. 5.3 DSA. Right ICA angiogram in AP view (A) before and (B) after coiling demonstrating
complete exclusion of the aneurysm and no thromboembolic complications.
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e Choosing the working projection is extremely important when balloon remodeling is used. We
try to position the image intensifier to produce a “down-the-barrel” view of the parent artery,
the second view should demonstrate the neck of the aneurysm in its widest plane (which is clas-
sically perpendicular to the plane in the aforementioned “down-the-barrel” view).

Treatment Options
SURGICAL TREATMENT

e In wide-necked ruptured aneurysms, surgery has to be considered a viable option because even
after balloon remodeling, long-term stability is less than that in small-necked aneurysms.

e In our opinion, surgery has to be contemplated in those wide-necked aneurysms in which the
point of rupture (defined by a bleb, or daughter aneurysm) is close to the neck because inflation
of the balloon may cause repeated rupture, and protection of the aneurysm by endovascular
techniques may be more difficult.

ENDOVASCULAR TREATMENT

¢ In wide-necked aneurysms, GDC 3D coils (Boston Scientific) and MicruSphere and Presidio coils
(Micrus) are considered in our practice to lead to a good remodeling of the neck, even without
the use of balloons.

e In addition to balloons, stents may be employed to treat wide-necked aneurysms and are dis-
cussed in greater detail in Case 6.

e Different guide-dependent balloon types are available: oval balloons for side wall aneurysms,
round balloons for terminal or bifurcation aneurysms, and compliant balloons that remodel the
neck of any type of aneurysm in a slightly less aggressive way; compliant balloons are used mostly
in distal vessels.

e Navigation of the balloons may be difficult with the guidewires currently available for most bal-
loons. Therefore, crossover techniques may sometimes be necessary, as in this case.

Possible Complications

¢ In addition to the complications of coil embolization, balloon-assisted embolization may increase
the rate of thromboembolic events and is feared to lead to a higher rate of periprocedural
ruptures.

e In blister-like aneurysms and dissections, with their extremely fragile walls, balloons are in our
opinion not indicated because of a higher estimated risk for rupture of the aneurysm.

Published Literature on Treatment Options

The goal of balloon remodeling is threefold: (1) to protect coil loops from protruding into the parent
artery, (2) to increase packing density in the aneurysm, and (3) to stop bleeding once a rupture has
occurred during the coil embolization procedure. However, there is controversy about the safety and
efficacy of balloon remodeling in the current literature.

In a study of more than 500 patients with unruptured aneurysms, Pierot et al note similar rates
of adverse events with coiling alone and with the balloon-remodeling technique. The overall rates
of adverse events related to the treatment, regardless of whether the adverse events led to clini-
cal consequences, were ~11% for treatment with coils alone and 12% for the remodeling technique.
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Morbidity and mortality rates did not differ significantly between the groups (~3% for each). These
authors concluded that the remodeling technique is as safe as the standard treatment with coils. Their
results are in striking contrast to those of a study by Sluzewski et al of more than 750 patients (~10%
of whom were treated with balloon remodeling). Procedure-related complications leading to death
or dependency were significantly higher with balloon remodeling (14.1%) than with unassisted coil
embolization (3%). In addition, packing densities and the results of 6-month follow-up angiography
studies did not differ significantly between the two types of treatments. These authors concluded
that balloon remodeling should be used only if conventional coiling of aneurysms is impossible and
if the anticipated surgical risks are too high. However, the most recent meta-analysis, by Shapiro et al
(which did not include some of the publications that reported a rather high procedural complication
rate, such as the aforementioned study by Sluzewski et al), suggested that balloon remodeling is not
associated with higher rates of thrombotic complication than those of traditional, unassisted coiling.

The aim of balloon remodeling is not only to prevent coil loops from entering the parent artery
but also to allow a higher packing density; it has been argued that a higher packing density may
lead to more stable results. However, this assumption has also been challenged in a recent study by
Piotin et al, who demonstrated in a retrospective assessment of 225 patients that both recurring and
stable aneurysms had the same mean packing density (27%). However, one cannot use this study
to argue in favor of the reverse (i.e., that incomplete packing of an aneurysm is sufficient). As the
authors themselves stated, they performed embolization “until aneurysmal circulatory exclusion was
achieved or until no more coils could be delivered.” Therefore, the study simply states that even if
complete occlusion is achieved, recurrence is possible. Incomplete occlusion is, however, more likely
to result in compaction, aneurysm recurrence, or even early rebleed.

In our experience, balloon assistance is necessary in ~10% of aneurysms, and undoubtedly the
use of this technique has increased the number of patients who can be treated with endovascular
techniques. As with all endovascular treatments, experience with a device is directly related to peri-
procedural safety. This implies that general guidelines on whether or not to use these devices cannot
be established. Instead, the individual interventionalist has to balance the risks of the proposed pro-
cedure against those of the experience of the surgical team in the sometimes challenging treatment
of wide-necked aneurysms.

PEARLS AND PITFALLS

e Balloon remodeling of the parent artery allows embolization of wide-necked aneurysms.

e A “down-the-barrel” view is helpful to determine successful remodeling of the parent vessel.

e There is no consensus as to whether balloon assistance increases the complications rates of endo-
vascular therapies, but most studies do not report an increased rate of thromboembolic or hemor-
rhagic complications.

e Recanalization may occur despite high packing densities, and surgery may therefore still play a
role in the management of some wide-necked aneurysms.

Further Reading
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] Neuroradiol 1997;24(1):30-44
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CASE 6

Case Description

Clinical Presentation

In 2001, a 40-year-old woman had a subarachnoid hemorrhage (SAH)
resulting from a right posterior communicating artery aneurysm that was
subsequently clipped. In January 2008, she experienced a second SAH, and
DSA demonstrated again a sizeable right posterior communicating artery
aneurysm that was subsequently coiled (Fig. 6.1 A,B).

Fig. 6.1 Unsubtracted right ICA angiogram ICA angiograms in lateral view. (C) Unsubtracted
after the patient’s second SAH due to aneurysm and (D) DSA images after 1 year demonstrating
regrowth of a previously clipped aneurysm (A) displacement of the coil mesh and significant
before coiling and (B) after coiling. Follow-up right  recanalization of the aneurysm.
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Radiologic Studies
DSA

Despite initial good occlusion, follow-up after 1 year demonstrated the recurrence of perfusion in the
cranial aspects of the coiled aneurysm and a broad communication with the internal carotid artery
(ICA; Fig. 6.1 C,D). The patient was put on clopidogrel and aspirin and was scheduled for possible
stent-assisted treatment of the aneurysm recurrence.

Diagnosis

Recurrent broad-based posterior communicating artery aneurysm

Treatment
EQUIPMENT

e Standard 6F access (puncture needle, 6F vascular sheath)

e A 6F multipurpose catheter (Envoy; Cordis, Warren, NJ) with continuous flush and a 0.035-in
hydrophilic guidewire (Terumo, Somerset, NJ)

e A 45-degree angled microcatheter with a 1.7F tip and a 0.065-in inner lumen (Excelsior SL 10;
Boston Scientific, Natick, MA) with a 0.014-in guidewire (Transend Soft Tip; Boston Scientific)

e Prowler Select Plus Microcatheter (Cordis)

e (oil selection: MicroPlex 3 mm x 7 cm complex coil (MicroVention, Tustin, CA)

e Enterprise stent 4.5 mm x 28 mm (Cordis)

¢ Contrast material

e Heparin

DESCRIPTION

Under roadmap guidance, an Excelsior SL 10 microcatheter was introduced over a Transend Soft Tip
wire into the aneurysm. A MicroVention 3 mm x 7 cm complex coil was introduced. A control run
showed satisfactory positioning of the coil, and the coil was detached. However, the control run also
demonstrated mechanical vasospasm of the cervical ICA around the tip of the guiding catheter with
stasis of contrast in the ICA. Although the guiding catheter was carefully pulled back into the com-
mon carotid artery, the microcatheter was displaced from the aneurysm, and one of the coil loops
protruded with the catheter into the parent vessel lumen, given the broad neck of the aneurysm. The
pulsatile motion of this loop suggested its unstable position in the ICA lumen. We therefore decided
to place an Enterprise 4.5 mm x 28 mm stent to jail this loop. In addition, stent placement was con-
sidered to possibly strengthen the vessel wall (because the aneurysm had regrown after both clipping
and coiling) and to ensure dense packing in a subsequent session, given the unfavorable dome-to-
neck ratio. Administration of cutaneous nitroglycerin paste and 25 pg of intra-arterial nitroglycerin
was necessary to resolve the spasm and allow subsequent stent positioning. The guiding catheter was
again introduced into the distal ICA, and a Prowler Select Plus Microcatheter was introduced over
the micro-guidewire into the middle cerebral artery. The stent was then introduced and deployed
from the ICA terminus to the ICA siphon. During deployment, the coil loop was “jacked” back into
the aneurysm. A control run showed delayed filling of the residual aneurysmal lumen and stasis of
contrast within the aneurysm (Fig. 6.2). Because of the recurrence of ICA vasospasm and the fact
that flow into the aneurysm had been significantly altered, we decided to stop the procedure at this
point and bring the patient back after 3 months for further coil embolization. The control angiogram
after 3 months, however, demonstrated complete obliteration of the aneurysm from the circulation
with no evidence of in-stent stenosis.
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C

e

Fig. 6.2 (A) Plain radiograph and (B) right ICA angiogram in lateral view after stent-assisted coiling show minimal
delayed filling of the residual aneurysmal lumen with stasis of the contrast. Follow-up right ICA angiograms in (C) lateral
and (D) magnified views 3 months after the last embolization demonstrate complete obliteration of the aneurysm.

Discussion

Background

At follow-up, ~20% of all coiled intracranial aneurysms show reopening, compared with ~3% of clipped
aneurysms. According to the literature, re-treatment is considered mandatory in approximately half
of these cases. Risk factors for aneurysm reopening following coiling are location in the posterior
circulation, size larger than 10 mm, wide neck, and previous rupture. Because wide-necked aneu-
rysms tend to recur more often, unassisted coiling may not be sufficient to treat these challenging
lesions. Balloon-assisted coiling or stenting should be considered for the treatment of these recurrent
lesions. In theory, there is a threefold beneficial effect of the stent: (1) The stent may change the
hemodynamics within the aneurysm, leading to diversion of the blood flow into the parent artery
and away from the aneurysm; (2) the stent will prevent coil loops from protruding into the parent
artery, thereby enabling dense packing of the aneurysm; and (3) the stent may provide a scaffold for
future neointimal growth from the proximal and distal portions of the (healthy) vessel distant from
the aneurysm orifice, thereby excluding the aneurysm from the circulation. If the jailing technique
is performed (i.e., entry into the aneurysm with the coil-deploying microcatheter, followed by stent
deployment), a fourth desired effect is to stabilize the coil-deploying microcatheter in the aneurysm
and prevent it from being displaced into the parent artery during subsequent coiling.
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Noninvasive Imaging Workup
CT|CTA

In our opinion, CT and CTA do not play a role in determining aneurysm recanalization following
coiling. CTA may, however, be used to evaluate post-surgical aneurysm remnants.

MR/MRA

Contrast-enhanced MRA is the best method to evaluate the long-term stability of coiled aneu-
rysms because no other method can demonstrate contrast filling within the coil mass.
Follow-up must detail the remainder of the intradural vessels because de novo aneurysm forma-
tion may occur.

Invasive Imaging Workup

The role of invasive angiography to detect aneurysm recanalization is in our opinion limited;
coil artifacts in 3D rotational angiography may be present, and because of the “helmet effect,”
recanalization invaginating the coil mass may remain unnoticed on angiography.

Invasive imaging poses a risk for the patient and is associated with considerably higher costs.

Treatment Options
CONSERVATIVE OR MEDICAL MANAGEMENT

Selection of those patients who may benefit from re-treatment after aneurysm recurrence may
be difficult. The low risk for bleeding from partially filled aneurysms must be balanced against
the procedure-related risks of re-treatment.

SURGICAL TREATMENT

The microsurgical treatment of previously coiled aneurysms is an option in aneurysm recurrence
and may consist of direct clipping or of bypasses in coiled aneurysms that cannot be clipped.

ENDOVASCULAR TREATMENT

In wide-necked aneurysm remnants, balloon-assisted coiling, stenting (alone, in combination with
coil placement, or in a staged approach with stent placement first and subsequent coiling in a
second session), or flow diversion with densely woven stents may be performed.

Because this treatment is planned in most instances, patients are pre-treated with aspirin and
clopidogrel 3 days before the procedure to prevent thromboembolic complications.

Stents may be employed either alone or in conjunction with coils that may be implanted in the
same session or in a second session. If additional coiling is contemplated, a jailing technique or
subsequent catheterization through the stent mesh can be done. Benefits of jailing are additional
stability of the coil-deploying catheter.

Because the newly deployed stent may not be fully implanted in the parent vessel, coil loops may
be pushed between the wall of the vessel and the stent. Some authors therefore prefer subsequent
coiling in a second session.

Stent jacking is a technique in which the stent is used as a “jack” to push coils back into the
aneurysm.

Stents may be used to jail migrated coil loops against the vessel wall if they cannot be retrieved
with a snare.
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Possible Complications

e With the patient on double antiplatelet medication, thromboembolic complications are rare.

¢ The newly deployed stent can still move, and caution must be taken when the stent is reentered
with a microcatheter because the stent may dislodge or the catheter may enter the space between
the stent struts and vessel wall.

Published Literature on Treatment Options

The risk that aneurysm remnants or recurrent aneurysms will rebleed is low and has to be balanced
against treatment-related risks. Technical difficulties during surgery are the lesser degree of aneurysm
sac mobility in previously coiled aneurysms and a higher risk for neck rupture during clip placement
because of the intra-aneurysmal coil mass. These challenges are reflected in a combined surgical
morbidity and mortality rate of ~10%. The values are considerably worse than those of endovascular
re-treatment, with a combined morbidity and mortality rate for re-treatment close to 2%. Because
multiple re-treatments may, however, be necessary, endovascular options with stents may prove a
viable alternative in the attempt to achieve stable results.

In a recent long-term study of Sedat et al, the technical success rate of stents was 97%, with a
procedural morbidity rate of 2% and no mortality. Aneurysm regrowth was seen in 10% of cases at
the first follow-up, and after the first control angiogram, no delayed recanalization or regrowth was
observed, testifying to the long-term durability of stents. These positive results, confirmed by other
groups, have to be balanced against stent-related problems such as delayed in-stent stenosis, which
occurs in 6 to 22% of patients. Occlusion of the treated artery and neurologic complications have been
reported and may occur as early as 3 months following the procedure. On the other hand, mid- and
long-term follow-up of patients with in-stent stenosis has shown no significant associated clinical
symptoms and reversal of the stenosis in some patients.

PEARLS AND PITFALLS

¢ Contrast-enhanced MRA is the method of choice to follow coiled aneurysms.

e In wide-necked aneurysms, stent-assisted coiling may be beneficial and lead to long-term
stability.

e In-stent stenosis may occur in up to 22% of patients
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CASE 7

Case Description

Clinical Presentation

A 41-year-old man with a positive family history of aneurysms (mother
and sister both died of subarachnoid hemorrhage [SAH]) is found to have a
wide-necked carotid side wall aneurysm opposite the ophthalmic artery.
The aneurysm has an intradural location on high-resolution coronal T2-
weighted MRI. The patient is pre-treated with clopidogrel and acetylsali-
cylic acid 3 days before treatment in preparation for stent-assisted coiling.

Fig. 7.1 DSA. Right ICA angiogram in AP view demonstrates vasospasm of the right ICA with stagnation of contrast
(upper row). Immediate withdrawal of the guiding catheter results in washout of the contrast (lower row).

Radiologic Studies
DSA

Injection into the right internal carotid artery (ICA) demonstrated significant vasospasm surrounding
the tip of the catheter with contrast stagnation in the supraclinoid ICA and delayed washout. The
vasospasm was noted during the injection, and the catheter was immediately withdrawn, resulting in
a good outflow of the contrast material (Fig. 7.1). However, subsequent test injections demonstrated
persistent and progressive vasospasm in the proximal ICA.
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Diagnosis

Mechanically induced vasospasm before stent-assisted coiling

Treatment
EQUIPMENT

Standard 6F access (puncture needle, 6F vascular sheath)

A 6F multipurpose catheter (Envoy; Cordis, Warren, NJ) with continuous flush and a 0.035-in
hydrophilic guidewire (Terumo, Somerset, NJ)

A straight microcatheter with a 1.7F tip and a 0.065-in inner lumen (Excelsior SL 10; Boston
Scientific, Natick, MA) with a 0.014-in guidewire (Synchro 14, Boston Scientific)

Coil selection: for framing, MicruSphere 4 x 7.5 (Micrus, San Jose, CA); for subsequent filling and
finishing, Ultipaq 3 mm x 4 cm and 2 mm x 4 cm (Micrus)

Neuroform stent 4.5 mm x 20 mm (Boston Scientific)

Contrast material

Heparin

Nimodipine 2 mg diluted with 0.9% saline to 50% concentration

Fig. 7.2 (A) Right ICA angiogram in working projection in lateral view 10 minutes following
infusion of nimodipine demonstrating no residual vasospasm. (B) Roadmap image dem-
onstrates the position of the stent delivery microcatheter, which will jail the coil delivery
microcatheter within the aneurysm. (C) Plain radiograph shows the dense coil mesh and
stent at the end of the procedure. (D) Control right ICA angiogram in the working projec
tion reveals nearly complete occlusion of the aneurysm sac.
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DESCRIPTION

The 6F multipurpose catheter was advanced into the right ICA. At angiography, spasm at the tip of
the guiding catheter was noted, and the catheter was immediately pulled back. Because the spasm did
not resolve, a solution of 2 mg of nimodipine diluted with saline to a 50% concentration was slowly
infused through the guiding catheter over 10 minutes, during which time the arterial pressure was
carefully monitored. After control angiography demonstrated resolution of the spasm, the Neuroform
stent was navigated into the intracranial ICA but not yet deployed. Subsequently, the aneurysm was
catheterized with the microcatheter and the stent was deployed, jailing the microcatheter in the
aneurysm (Fig. 7.2). The aneurysm was then embolized with a total of six coils. The final control run
demonstrated no residual vasospasm (Fig. 7.3), and the patient awoke without neurologic deficits.

Discussion

Background

Vasospasm, or the contraction of smooth-muscle fibers in the wall of a vessel, is a well-known adverse
event that may complicate an endovascular procedure by limiting distal blood flow. Vasospastic compli-
cations can occur during both diagnostic and therapeutic angiography and can be induced by the guid-
ing catheter. They can also be caused by other inserted devices, such as protection devices used during
carotid artery stenting, balloons, and microcatheters, especially if the anatomy is tortuous and the
catheterization prolonged. The larger the lumen of the inserted device, the higher its radial shear stress
against the wall, and the more prolonged the duration of the impact of the device against the vessel
wall, the higher the likelihood of vasospasm. Young patients are more prone to vasospasm, and it seems

Fig. 7.3 Control right ICA angiogram in AP view following treatment demonstrates no vasospasm with normal cranial
circulation time.
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to occur more often in female than in male patients. Mechanically induced vasospasm in medium and
large vessels, unlike SAH-induced vasospasm, is not the result of inflammation or a functional nitric
oxide deficiency (see Case 11), but rather of direct physical irritation of the endothelium. With the
increasing endovascular armamentarium, larger-bore catheters for deploying new tools, longer inter-
ventional treatment times, and the potentially devastating sequelae of limited distal blood flow, the
recognition and treatment of mechanically induced vasospasm are of increasing importance.

Invasive Imaging Workup

e Angiography will demonstrate the extent of the vasospasm and its impact on the cerebral circu-
lation. The classic imaging finding of proximal mechanically induced vasospasm is a “string-of-
beads” sign.

Differential Diagnosis

e An acute dissection of the vessel has to be ruled out. In dissections, an intimal flap is commonly
seen, and the narrowed segment classically does not demonstrate a string-of-beads sign.

Treatment Options
CONSERVATIVE OR MEDICAL MANAGEMENT

e Different drugs can be used to alleviate vasospasm: intravenous or cutaneous nitrates (depending
on the body weight of the patient), intra-arterial papaverine, and intra-arterial or intravenous
calcium channel antagonists.

ENDOVASCULAR TREATMENT

e Withdrawing the offending device, removing slack from the system, or pointing the tip of the
guiding catheter away from the vessel wall may be helpful.

Possible Complications

e Hypotension and bradycardia may occur as a result of calcium channel antagonists, and nitrates
can cause an increase in intracranial pressure (ICP).

Published Literature on Treatment Options

The best way to avoid this complication is to prevent it by gentle catheterization with the aid of a
guidewire and careful control to ensure that the tip of the catheter is not directed against the vessel
wall. If vasospasm occurs despite these precautions, the easiest way to treat mechanical spasm is
to simply withdraw the offending device. However, such a passive treatment may be undesirable in
certain conditions when the device (e.g., the catheter system or a protection device) needs to remain
in position. In some instances, although vasospasm is present, blood flow is not significantly altered,
and just gentle repositioning of the catheter and waiting will be sufficient to restore good flow.
Intravenous nitrates can be used to prevent vasospasm during endovascular procedures; however,
their cardiovascular and ICP effects may limit their acute use because they can cause an increase in
ICP and a decrease in intracranial compliance. The intra-arterial administration of papaverine has
been used for SAH-induced vasospasm, either as monotherapy or together with balloon angioplasty,
to alleviate spasm in distal intracranial vessels (see Case 11). However, papaverine therapy is short-
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acting and may elevate the ICP, and its efficacy in larger-vessel spasm and mechanically induced
vasospasm is not proven.

Therefore, calcium channel antagonists, such as verapamil, nifedipine, nimodipine, and amlodip-
ine, have been suggested because they reduce the tone of a muscular artery by inhibiting calcium
influx into smooth-muscle cells. In some countries, however, nimodipine is available only as an oral
medication and may therefore take too long to produce an effect. The intra-arterial administration of
verapamil has been used for the prevention of mechanical vasospasm during endovascular procedures
and for the reversal of spasm in coronary grafts, and it has also been reported to be safe and effective
in the treatment of cerebral SAH-induced vasospasm. It is well tolerated systemically, although hypo-
tension may occur. In our experience, it is the treatment of choice if vasospasm cannot be relieved
by withdrawal of the offending device; our dose is 1 to 2 mg of verapamil given intra-arterially as a
bolus with close supervision of the blood pressure and heart rate.

PEARLS AND PITFALLS

e In acute mechanically induced vasospasm, the first strategy should be to remove the offending
device; however, if this is not possible, calcium antagonists or nitrates can be used to alleviate
vasospasm.

Further Reading
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CASE 8

Case Description

Clinical Presentation

A 46-year-old woman is referred to our aneurysm clinic after having had
a severe headache 2 months earlier. At that time, she went to the emer-
gency department but did not receive a CT or lumbar puncture. MRI 6
weeks after the event demonstrated a left-sided, irregularly shaped pos-
terior communicating artery aneurysm. Because of a strong suggestion of
a previous subarachnoid hemorrhage, the patient is scheduled to undergo
endovascular aneurysm treatment.

o

Fig. 8.1 DSA. Left ICA angiogram in (A) AP and (B) lateral views and (C) 3D reconstruction image demonstrates a
multilobulated aneurysm at the origin of the left fetal-type posterior communicating artery.

Radiologic Studies
DSA

Diagnostic angiograms with biplane and rotational views confirmed the presence of a multilobulated
aneurysm at the origin of the left fetal-type posterior communicating artery measuring ~5.7 x 4.0
mm in its largest diameters (Fig. 8.1).

Diagnosis

Aneurysm of the posterior communicating artery
Treatment

EQUIPMENT

e Standard 6F access (puncture needle, 6F vascular sheath)
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e A 6F multipurpose catheter (Envoy; Cordis, Warren, NJ) with continuous flush and a 0.035-in
hydrophilic guidewire (Terumo, Somerset, NJ)

e A 45-degree angled microcatheter with a 1.7F tip and a 0.065-in inner lumen (Excelsior SL 10;
Boston Scientific, Natick, MA) with a 0.014-in guidewire (Synchro 14; Boston Scientific)

e (Coil selection: TruFill 5 mm x 15 cm, 5 mm x 10 cm, 4 mm x 7 cm (Cordis)

e HyperForm balloon 4 mm x 7 cm (ev3, Plymouth, MN)

e Contrast material

e Heparin, protamine

DESCRIPTION

Following catheterization of the aneurysm with the microcatheter, the first coil was deployed, which
framed the aneurysm satisfactorily (Fig. 8.2A). During placement of the final loops of the second coil,
one loop prolapsed outside the aneurysmal sac, close to the dome (Fig. 8.2B). A control run confirmed
the intraprocedural rupture (Fig. 8.2 C-F). The coil was deployed, the heparin was reversed with
protamine, and a balloon was prepared and placed over the aneurysm neck to tampon the aneurysm
and stop the bleeding. The balloon was left in place and inflated for 10 minutes (Fig. 8.3) while a
third coil was prepared. However, this coil could not be deployed, and the microcatheter was pushed
out of the aneurysm. Control runs demonstrated that the bleeding had stopped. Further control runs

B e

Fig. 8.2 Unsubtracted images during deployment of the (A) first and (B) second coils. During deployment of the second
coil, one prolapsed loop outside the aneurysmal sac near the dome is noted. (C-F) Left ICA angiogram in the working
projection confirms intraprocedural rupture with extravasation of contrast.
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performed at 5 and 30 minutes confirmed these results (Fig. 8.4). The patient was extubated and
had no neurologic deficits. Follow-up MRI demonstrated no ischemia and complete occlusion of the
aneurysm.

Fig. 8.3 (A,B) Plain radiographs
show the position of the balloon in
the aneurysm neck to tamponade
the bleeding.

Fig. 8.4 (A,C) Plain radiographs and (B,D) left ICA angiograms in lateral and AP views after 30
minutes demonstrating occlusion of the aneurysm and no further extravasation of contrast.
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Discussion

Background

Rupture of an intracranial aneurysm during embolization is a feared event that occurs in ~1 to 5% of
aneurysm embolization procedures. Although in rare cases it may occur spontaneously as part of the
natural course of the disease, other potential causes of a rupture during the diagnostic part of the
angiography may be overdrainage via an extraventricular drain and excessive injection of contrast.
However, in most instances rupture is caused by a guidewire, microcatheter, or coil perforation. Of
these, uncontrolled forward migration of the microcatheter is probably the most common cause of
aneurysm rupture. Risk factors for periprocedural rupture are small aneurysm size and previous
rupture. A meta-analysis of periprocedural rupture events showed that for patients with ruptured
aneurysmes, intraprocedural aneurysm perforation was associated with a 33% risk for death and a 5%
risk for disability, whereas for those with unruptured aneurysms, the risks for death and disability
were 14% each. Worse prognoses are associated with iatrogenic rupture during the coiling of posterior
circulation lesions and rupture caused by the coil or the catheter (as opposed to perforation related
to the micro-guidewire).

Noninvasive Imaging Workup
PHYSICAL EXAMINATION

e During the acute perforation, patients classically demonstrate a typical or atypical Cushing hemo-
dynamic response (acute hypertension and bradycardia or tachycardia) to the sudden increase in
intracranial pressure (ICP).

CT|CTA

e (T after the procedure will demonstrate a combination of contrast material and blood within the
subarachnoid space; therefore, a follow-up control image obtained after 1 day is more likely to
demonstrate the extent of subarachnoid blood following periprocedural rupture.

Invasive Imaging Workup

e Angiography will demonstrate the exact point of rupture; however, once aneurysmal rupture
is confirmed, repeated angiographies should be avoided to save time and limit extravasation of
contrast into the subarachnoid space.

Differential Diagnosis

e Stagnation of contrast in a focal, not coiled, outpouching of the aneurysm or within a daughter
aneurysm must be differentiated from focal extravasation.

e If the coils extend beyond the visible lumen of the aneurysm, they may be extending into a
thrombosed part of the aneurysm rather than perforating its wall.

Treatment Options
CONSERVATIVE OR MEDICAL MANAGEMENT
e Immediate reversal of heparin with protamine is recommended once a periprocedural hemor-

rhage has occurred (intravenous injection of 10 mg of protamine for 1000 IU of heparin given; if
> 30 minutes after heparin administration, 5 mg of protamine for 1000 IU of heparin given).
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SURGICAL TREATMENT

e If the clinical signs or CT findings are indicative of progressively increased ICP, placement of a
ventricular drain is warranted.

e Surgical inspection may be discussed, depending on the location of the rupture; rupture close to
the aneurysm neck may be difficult to control with endovascular means and may cause repeated
rupture

ENDOVASCULAR TREATMENT

e To prevent the most common mechanism of perforation (forward jumping of the microcatheter),
positioning of the microcatheter must be monitored; the forward progress of the catheter tip
must be commensurate with the forward progress of the catheter shaft proximally, not only
during catheterization of the aneurysm but also during coil deployment. After coil detachment,
forward thrust that has built up may be released, which is why the “slack” in the system must
be observed and eventually released before detachment.

e Friction accumulates (and may suddenly be released) in long, tortuous, and narrow vessel seg-
ments. Tri-axial approaches may be helpful in controlling microcatheter advancement by releasing
friction on the microcatheter.

e It can be debated whether the perforating device should be pulled out or not. The device may be
partially occluding the perforation, and pulling it out may result in further injury to the aneurysm
wall. Placing a second microcatheter in the aneurysm to complete the embolization before pulling
out the first may therefore be an alternative approach.

Possible Complications

e Reversal of heparin may increase the risk for subsequent thromboembolic complications.
e If a rupture occurs at the aneurysm neck, the risk for delayed rebleeding (after the ICP or the
vasospasm has decreased) is high.

Published Literature on Treatment Options

Periprocedural rupture of aneurysms is not uncommon; in a subgroup analysis of the Cerebral
Aneurysm Rerupture After Treatment (CARAT) study, periprocedural rupture occurred in 14.6% of
1010 patients (299 of whom were treated with coiling and 711 with clipping). Periprocedural rup-
ture occurred significantly more often during clipping than during coiling (19% vs. 5%). However,
the impact of the periprocedural rupture was more pronounced in patients undergoing endovascu-
lar treatment. Among patients whose aneurysms were clipped, death or disability occurred in 31%
of those with periprocedural rupture and in 18% of those without periprocedural rupture; among
patients whose aneurysms were treated with coils, death or disability occurred in 63% of those with
periprocedural rupture and in 15% of those without intraprocedural rupture. Coronary artery disease
and an initially lower Hunt and Hess grade were independent predictors of periprocedural rupture.

When perforation is recognized, treatment consists of immediate reversal of anticoagulation
in addition to fast and dense completion of the coil embolization. One may consider leaving the
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perforated device in place and catheterizing the aneurysm with a second microcatheter to pre-
vent further hemorrhage. Careful retraction with a “salvage” coil at the tip of the catheter (and
a new roadmap) and subsequent fast coiling may also be performed. Repeated angiographies are
in our opinion not necessary. In our clinical practice, we do not use liquid embolic agents or
coils across the perforation site. Placement of such a coil risks exerting tension on the wall and
may even impede further hemostasis. Immediate neurosurgical intervention is seldom necessary
unless rupture has occurred close to the aneurysm neck. In these cases, balloon occlusion to induce
hemostasis followed by surgical inspection may be warranted. Following the rupture, neurosurgical
intervention may be necessary to decrease the ICP via emergency ventriculostomy or extraven-
tricular drainage.

PEARLS AND PITFALLS

e Aneurysm rupture occurs more often in small and previously ruptured aneurysmes.

e Perforations occur in ~5% of patients undergoing endovascular treatment and in 20% of patients
undergoing treatment with surgical clipping.

e Reversal of heparin, fast and dense coiling, and management of an eventually increased ICP with
extraventricular drainage are the three major strategies for treatment. They require good team-
work on the part of anesthesia, neurologic intervention, and neurosurgery.

e Not all cases of migration of coils, guidewires, or microcatheters beyond the confines of the aneu-
rysm lumen represent perforation because some aneurysms may be partially thrombosed.
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CASE 9

Case Description

Clinical Presentation

A 57-year-old woman has mild headaches 10 days before admission. CT
and CTA performed at an outside institution demonstrate a left superior
cerebellar artery aneurysm. Cerebrospinal fluid analysis is unremarkable,
and she is scheduled for elective coiling. On the weekend before admis-
sion, she presents with the acute onset of severe headaches. CT and CTA
demonstrate an acute subarachnoid hemorrhage (SAH). Subsequent dete-
rioration of her condition due to hydrocephalus necessitates extraven-
tricular drainage.

Fig. 9.1 (A) Initial CTA, (B) plain axial CT, and (C) CTA after the SAH. Note the change in the aneurysm shape.

Radiologic Studies
CT/CTA/MRI

Initial CT demonstrated a left superior cerebellar artery aneurysm with a round shape. Ten days later,
before her scheduled elective coiling, she presented with an acute SAH. CTA demonstrated a marked
change in the shape of the aneurysm (Fig. 9.1). The patient proceeded to angiography with coiling.

Diagnosis

Aneurysm of the superior cerebellar artery
Treatment

EQUIPMENT

e Standard 6F access (puncture needle, 6F vascular sheath)

48
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e A 6F multipurpose catheter (Guider Soft Tip; Boston Scientific, Natick, MA) with continuous flush
and a 0.035-in hydrophilic guidewire (Terumo, Somerset, NJ)

e A 45-degree angled microcatheter with a 1.7F tip and a 0.065-in inner lumen (Excelsior SL 10;
Boston Scientific) with a 0.014-in guidewire (Synchro 14; Boston Scientific)

e (oil selection: for framing, GDC 360-degree coils 7 mm x 15 cm; for subsequent filling and fin-
ishing, two GDC 360-degree coils 5 mm x 9 cm (Boston Scientific) and DeltaPaq coils 5 mm x
10 cm, 4 mm x 8 cm, 2.5 mm x 6 cm (Micrus, San Jose, CA)

e Contrast material

e Heparin

e Abciximab (ReoPro; Eli Lilly, Indianapolis, IN) adapted to body weight

e AngioSeal VIP 6F (St. Jude Medical, St. Paul, MN)

DESCRIPTION

The 6F multipurpose catheter was placed in the right vertebral artery at the C5-C6 level. Angiography
revealed the superior cerebellar artery (SCA) aneurysm and clot in the entrance of the aneurysm. The
aneurysm measured 9 x 5 mm, with a 3-mm neck. The aneurysm neck partially incorporated the
origin of the left SCA. The left P1 segment was hypoplastic. Note was also made of a tiny incidental
basilar apex aneurysm measuring 1 to 2 mm. An Excelsior SL 10 microcatheter was navigated over
a Synchro 14 guidewire into the aneurysm, and placement of a GDC 360-degree 7 mm x 15 cm
coil led to satisfactory occlusion of the distal part of the aneurysm body. Following further embo-
lization with two GDC 360-degree 5 mm x 9 cm coils and DeltaPaq 5 mm x 10 cm and 4 mm x
8 cm coils, control angiography demonstrated thrombus surrounding the proximal coil loops and the
microcatheter extending into the distal basilar artery (Fig. 9.2). Abciximab was administered accord-
ing to the patient’s body weight as an intravenous bolus and a subsequent drip. Subsequently, the
aneurysm coiling was finished with additional coils. Control angiography demonstrated resolution of
the clot and no evidence of distal emboli. There was good flow into the SCA and complete exclusion
of the aneurysm from the circulation. An AngioSeal closure device was used in the right groin. The
patient awoke from anesthesia without neurologic deficits, and follow-up MRI after the treatment
demonstrated no acute ischemia or infarctions (Fig. 9.3).

Fig. 9.2 DSA. Left vertebral artery angiograms in AP view (A) before the treatment and (B,C) during the treatment show progression
of the filling defect, representing clot around the aneurysm neck. (D) Final control left vertebral artery angiogram following intravenous
administration of abciximab and coiling demonstrates complete resolution of the clot.
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Fig. 9.3 MRI with diffusion-weighted scans after treatment shows no evidence of sequelae of the
transient thromboembolic complication.

Discussion

Background

The two most commonly observed and potentially grave complications during aneurysm emboliza-
tion are thromboembolism and hemorrhage, the former more common than the latter. These com-
plications are more likely to occur during the treatment of ruptured than of unruptured aneurysms,
and they are also likely to be linked to the experience of the physicians involved. In larger series,
procedural thromboembolic complications leading to morbidity or mortality are present in ~6% of
patients with ruptured aneurysms and in 3% of patients with unruptured aneurysms. However, the
total rate of occurrence of thromboembolic events (without and with sequelae) is higher and ranges
between 3 and 30%. When diffusion-weighted MRI is used, microemboli can be detected in up to
607% of cases. Risk factors for thromboembolic complications that have been discussed are large aneu-
rysm size, previous rupture, long catheterization time, elderly patients, and difficult arterial access.
Controversy exists about an increased complication rate when device-assisted embolization strategies
are used (see Case 5).

Thrombosis is due to alterations of blood flow and the thrombogenicity of both the endothelial
surface and circulating activated hemostatic factors. During SAH, activation of the coagulation system
increases the thrombogenicity of circulating hemostatic factors. Thrombogenicity of the endothelial
surface will be increased in cases requiring prolonged catheterization or multiple repositioning of coils,
with subsequent intimal denudation within the aneurysm or at the aneurysm neck and the potential
for endothelial damage. Finally, the blood flow is altered depending on the inserted material, includ-
ing guiding catheters, coils, and stents. During electrolytic detachment, negatively charged platelets
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may be attracted by the positive charge induced. All these events will lead to platelet aggregation
with subsequent “white thrombus” formation (i.e., a thrombus composed of densely packed platelets
and fibrin). Platelet aggregation is mediated via glycoprotein (GP) IIb/Illa receptors expressed on the
platelet surface that bind to fibrinogen and via adhesive proteins that make platelets cross-link.

Given the high rate of thromboembolic events and their potentially devastating consequences,
the neurointerventionalist must know how to prevent and manage these situations.

Noninvasive Imaging Workup
PHYSICAL EXAMINATION

e A new neurologic deficit following endovascular coil obliteration is in most instances related to
a thromboembolic event and warrants further investigation with MRI or CT.

CT/CTA

e CT may demonstrate a focal area of hypoattenuation in an arterial territory. Given the significant
number of metal artifacts, the immediate vicinity of the aneurysm cannot be evaluated, though.
CTA can demonstrate distal thrombotic occlusions only in larger vessels; however, it cannot dem-
onstrate thrombus close to the coil mesh.

MR/MRA

e MRI will demonstrate diffusion-weighted abnormalities as a sign of cytotoxic edema. These may
be punctate or encompass a wedge-shaped distal arterial territory.

Invasive Imaging Workup

e Because the vast majority of thromboembolic complications occur during a procedure, angiogra-
phy is the most important means to detect them and treat them rapidly.

e Missing distal branches, contrast stagnation, and an abrupt termination of a vessel as well as a
missing capillary blush in the affected territory are the typical signs of distal vessel thrombus.

e Before these findings appear, however, a gradual buildup of thrombus in and around the coil mesh
can be seen as a focal absence of contrast in the immediate vicinity of the coil mesh. The chal-
lenge for the interventionalist is to recognize this finding before distal migration of the thrombus
takes place.

Differential Diagnosis

e The clinical differential diagnosis of a new neurologic deficit after coiling includes mass effect
of the coils, perifocal edema surrounding the coiled aneurysm, and focal intraparenchymal
hemorrhage.

e The angiographic differential diagnosis of a focal absence of contrast material includes inflow arti-
facts from other vessels (via the anterior or posterior communicating artery or the contralateral
vertebral artery).

Treatment Options
CONSERVATIVE OR MEDICAL MANAGEMENT

e Heparin is a glycosaminoglycan that binds to and activates the enzyme inhibitor antithrombin,
thereby inactivating thrombin and other proteases involved in blood clotting. It acts as an anti-
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coagulant, preventing the formation and extension of thrombi within the blood, but it does not
break down clots that have already formed. Heparin reverses the effects of excessive thrombin
formation. The dosage is guided by bedside measurements of the activating clotting time (for
endovascular therapies, the activated clotting time should be approximately between 200 and
350 seconds.

Acetylsalicylic acid (ASA) acts by irreversibly inhibiting the formation of thromboxane. Thromboxane
participates in a platelet receptor-mediated positive feedback loop, further amplifying regional plate-
let activation, and in the recruitment of additional platelets to the site of thrombus formation.
Clopidogrel is a prodrug whose active metabolite inhibits adenosine diphosphate from binding
to its platelet surface receptor. This binding leads to regional platelet activation and conversion
of the GP IIb/Illa receptor to a high-affinity state. Therapeutic levels (even after a loading dose is
given) are not reached until after 6 hours.

Abciximab is an irreversible GP IIb/Illa receptor antagonist that binds to and eliminates this recep-
tor and thereby blocks the final common pathway for platelet aggregation. It has a short plasma
half-life; however, inhibition of platelet function persists for 4 to 6 hours after termination of the
intravenous infusion. The dosage is typically an intravenous bolus of 0.25 mg/kg followed by a
continuous infusion of 0.125 pg/kg per minute (maximum of 10 pg/min) for 12 hours.
Tirofiban (Aggrastat; Medicure, Winnipeg, Manitoba) and eptifibatide (Integrilin; Schering-Plough,
Kenilworth, NJ) are reversible GP IIb/Illa receptor antagonists with a lower affinity for the recep-
tor. Their plasma half-life is 1.5 hours. After discontinuation of the drug infusion, bleeding times
return toward normal within ~15 minutes (eptifibatide) and ~4 hours (tirofiban). The currently
recommended dosage is two boluses of eptifibatide administered 10 minutes apart, followed
by a continuous infusion of 2.0 ug/kg of body weight per minute. Tirofiban is administered as
a bolus of 10 pg/kg of body weight, followed by an infusion of 0.15 pg/kg of body weight per
minute for 12 hours. Reversal of the effect of these drugs requires platelet transfusion. When GP
IIb/Illa inhibitors are used in conjunction with heparin, the dose of heparin should be decreased
slightly.

Tissue plasminogen activator (tPA) is a thrombolytic enzyme that catalyzes the conversion of
plasminogen to plasmin, thereby degrading fibrin. Thrombus that is already established (rather
than thrombus that is about to form) is therefore the target of this drug.

Increasing the blood pressure slightly may help to increase the perfusion pressure.

ENDOVASCULAR TREATMENT

In our opinion and supported by Ries et al, medical treatment is the first choice when thrombo-
embolic complications are encountered. Mechanical thrombolysis (as discussed in Cases 48 and
49) for acute stroke treatment is usually not necessary, given the physiology of thrombus.
Because most agents work well intravenously, we do not think that treatment with intra-arterial
thrombolysis is necessary, although this remains an issue of debate.

Possible Complications

Rebleeding from the aneurysm may occur if the aneurysm is not completely coiled. This risk is
higher with tPA than with GP IIb/Illa antagonists.

Each drug has specific side effects, including thrombocytopenia after the administration of hepa-
rin or GP IIb/Illa antagonists and systemic hemorrhagic complications after the administration of
tTPA, ASA, and clopidogrel, especially in combination.

Nonresponders to ASA (5-40%) and clopidogrel (5-25%) are not uncommon.
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Published Literature on Treatment Options

Given the physiology of the blood clotting system and the different mechanisms of action of the drugs
described above, their use in the prevention and management of thromboembolic events differs.
There are no established guidelines for anticoagulant and antiplatelet management, and therefore
practice varies widely.

It is generally agreed that heparin should be used during aneurysm coiling. Heparin reverses
the effects of excessive thrombin formation that may be induced by the foreign material inserted or
implanted. Because heparin does not break down clots that have already formed, it is believed to be
safe even in the context of acutely ruptured and not yet coiled aneurysms, and it is therefore given
in most centers once the sheath is inserted. In a recent meta-analysis regarding aneurysm perfora-
tion (also cited in Case 9) Cloft reported no increase in morbidity and mortality after intraprocedural
perforation in patients given heparin versus patients not given heparin.

ASA and clopidogrel can be used as prophylactic drugs in unruptured aneurysm coiling. In cases
in which stent implantation is being considered, both drugs are strongly suggested before treatment.
At a minimum, the patient will take 100 mg of ASA and 75 mg of clopidogrel on 3 consecutive days
before the intervention. Whether the use of one or both of these drugs in “uncomplicated” (i.e., small
neck) unruptured aneurysms is necessary remains at the discretion of the interventionalist, but it has
been recommended in a recent review article by Fiehler and Ries. In the same article, it is proposed
that ASA be given intravenously after the first coil is deployed in a ruptured aneurysm or, because
the intravenous form of ASA is not available in all countries, via a gastric tube. With this strategy, the
rate of thromboembolic events could be reduced from ~18% without intraprocedural ASA to 9% with
intraprocedural ASA. In the experience of these authors, the outcome after iatrogenic aneurysmal
perforation did not differ between patients given ASA and those not given ASA.

While heparin, ASA, and clopidogrel are used to prevent thromboembolic complications, the
acute management of thrombus formation requires other drugs, including tPA or GP IIb/Illa antago-
nists. Given the mechanism of action described above, tPA will act better on established (“red”)
thrombi, which are rich in fibrin with trapped erythrocytes and classically occur in low-flow situ-
ations (e.g., because of an incompletely flushed guiding catheter). “White” thrombi, due to plate-
let aggregation related to coil or microcatheter manipulations or due to the activated blood clot-
ting system in acute SAH, respond much better to GP IIb/Illa antagonists, and treatment with tPA
is not recommended, given the potentially disastrous complications of tPA. In the International
Subarachnoid Aneurysm Trial (ISAT), all five patients who received thrombolytic therapy with tPA
rebled and died, presumably because the protective slow-flow thrombus within the aneurysm
that was induced by the coils resolved. Platelet inhibition with the GP IIb/Illa antagonists dis-
solves hyperacute thrombus; however, it does not seem to cause resolution of the slow-flow red
thrombus needed to protect the aneurysm and is therefore considered the method of choice in
acute thromboembolic complications. Because after discontinuation of the drug infusion bleeding
times return toward normal within a short period (15 minutes), eptifibatide may be considered
safer than tirofiban (4 hours) or abciximab (up to 6 hours).The latter drugs should be considered
if acute stenting is to be performed in an acutely ruptured aneurysm in the absence of premedica-
tion with clopidogrel or aspirin.

PEARLS AND PITFALLS

e The prophylaxis of thromboembolic complications is best managed with heparin, ASA, and
clopidogrel.
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e Intraprocedural acute thromboembolic events are best managed with GP IIb/Illa antagonists
because in most instances platelet aggregation thrombus is present.

e Thromboembolic complications occur more often in ruptured aneurysms.

¢ Bleeding into preexisting infarctions may occur.
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CASE 10

Case Description

Clinical Presentation

A 22-year-old woman presents with a diffuse subarachnoid hemorrhage
(SAH) with focal thick clot on initial CT. She is found to have both a right
middle cerebral artery (MCA) aneurysm and a right posterior communi-
cating artery aneurysm. These are treated surgically, and the patient has
an uneventful postoperative course. On the ninth day after presentation,
she experiences left-sided arm and face weakness. CTA shows vasospasm
of the supraclinoid internal carotid artery (ICA) and the right middle cere-
bral and right anterior cerebral arteries. The patient remains symptomatic
despite best medical treatment.

Fig. 10.1 (A,B) Initial CT and (C) CTA on admis- on day 9 shows markedly reduced calibers of the
sion reveal SAH located predominantly in the right ICA and right MCA. Metallic densities are
right basal cisterns. Normal caliber of the intra- seen, representing surgical aneurysm clips.
cranial arteries is observed. (D,E) Follow-up CTA

Radiologic Studies

CT|CTA

CT on admission demonstrated a thick clot of SAH in her right basal subarachnoid cisterns. CTA on
admission demonstrated normal-caliber vessels and a broad-based aneurysm of the right MCA and

posterior communicating artery (Fig. 10.1 A-C). CTA repeated on day 9 demonstrated significant
vasospasm in the right ICA and MCA (Fig. 10.1 D,E). The patient proceeded to DSA.

55
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DSA

On injection of the right ICA, severe vasospasm of the supraclinoid carotid and the A1 and M1 seg-
ments was confirmed. There was a tiny residual aneurysm at the level of the right posterior com-
municating artery. Injection on the left side showed minimal vasospasm with good filling of the A2
segments bilaterally (Fig. 10.2).

Diagnosis

Symptomatic vasospasm following SAH

Treatment
EQUIPMENT

e Standard 6F access (puncture needle, 6F vascular sheath)

e A 6F multipurpose catheter (Envoy; Cordis, Warren, NJ) with continuous flush and a 0.035-in
hydrophilic guidewire (Terumo, Somerset, NJ)

e Voyager balloon RX with 2-mm width, 8-mm length (Abbott Vascular, Redwood City, CA) with a
0.014-in guidewire (Synchro 14; Boston Scientific, Natick, MA)

e Microcatheter (Excelsior SL 10; Boston Scientific)

e Contrast material

e Heparin

e Verapamil 5 mg

DESCRIPTION

The 6F multipurpose catheter was placed in the right ICA. A 2-mm Voyager balloon was then advanced
over a Synchro 14 guidewire. Sequential gentle angioplasty was performed, starting at the supraclinoid
ICA and advancing into the M1 segment in a proximal-to-distal direction. Control angiography after this
showed significant resolution of the vasospasm through the supraclinoid carotid and M1 segment of the
MCA. There was still distal spasm in the M2 segment and also the A1 segment. We therefore used an
Excelsior SL10 microcatheter and dripped a total of 5 mg of verapamil in the supraclinoid carotid and
the distal M1 segment (Fig. 10.3). This resulted in a reduction in the degree of distal narrowing.

Fig. 10.2 DSA. Right ICA angiogram in (A) AP and lat-
eral views in (B) early and (C) late phases confirms severe
vasospasm of the supraclinoid carotid artery and the right
A1 and M1 segments. (D) The left ICA angiogram in AP

view shows minimal vasospasm with good filling of the A2
segments bilaterally through the anterior communicating
artery.
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Fig. 10.3 DSA. Right ICA angiogram in (A) AP and lateral views in (B) early and (C) late arterial phases after mechanical
and medical treatment for vasospasm demonstrates improvement of the distal perfusion.

Discussion

Background

Symptomatic vasospasm is present in approximately one-third of patients with aneurysmal SAH and
results in a combined morbidity and mortality rate of 14%. It classically occurs between days 5 and
14 after the SAH, with a peak around days 7 through 10. Angiographic vasospasm, on the other hand,
is present in nearly twice as many patients (60%). The mortality rate of vasospasm is believed to be
~7%, with another 7% of individuals having devastating neurologic deficits. Vasospasm usually does
not occur in perimesencephalic, nonaneurysmal, traumatic, or arteriovenous malformation-related
SAH. The pathologic mechanism is unknown, but a prolonged contraction of smooth muscle induced
by oxyhemoglobin and mediated by nitric oxide, endothelin, or cytokines has been proposed. The
following factors make the occurrence of vasospasm more likely: young age, female gender, previous
cigarette smoking, and large amount of blood on initial CT (with clots or thick layers of blood more
likely to cause vasospasm than diffuse or intraventricular blood). There is no significant difference
between the rate of angiographic or symptomatic vasospasm in patients treated with clipping and
the rate in patients treated with coiling.

Noninvasive Imaging Workup
PHYSICAL EXAMINATION

e (linically, confusion, aggressive behavior, and a decreased level of consciousness are the first
symptoms of vasospasm, followed by global or focal neurologic deficits.

TRANSCRANIAL DOPPLER ULTRASOUND

e Transcranial Doppler ultrasound is the least invasive “bedside” test to detect vasospasm and can
guide further diagnostic imaging, such as CTA, when increases in flow rates of more than 50 cm/s
are demonstrated. Peak systolic velocities above 120 cm/s indicate mild-to-moderate vasospasm,
and peak systolic velocities above 200 cm/s indicate severe vasospasm.
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CT/CTA

e CTA and CT perfusion techniques can be used to detect and quantify vasospasm. Their specific-
ity for large-vessel vasospasm is good; however, the sensitivity for mild-to-moderate or distal
vasospasm is low. In addition, they are of limited use in vessels close to metal hardware.

MR]MRA

e Given the usually sick and confused patient, MRI is of limited use in the acute setting of
vasospasm.

Invasive Imaging Workup

e Angiography is considered the gold standard; however, it cannot be used as a screening method.
Therefore, in most institutions it is used when the clinical findings and noninvasive test results
suggest that vasospasm may be amenable to treatment. Angiography is then performed in the
same setting as the endovascular treatment. The angiographic workup must include all arteries
supplying the brain and indicate the cerebral circulation time and the site (proximal, distal, or
both) and severity of vasospasm.

Differential Diagnosis

e The clinical differential diagnosis for neurologic deterioration after SAH includes hydrocephalus
and procedure-related complications (e.g., delayed venous infarction or edema due to brain retrac-
tion in surgical cases; thromboembolic complications after coiling).

e Narrowing of the vessel can occur as a consequence of the treatment (coils or clips may lead to
compromise of the distal circulation) or can be a congenital variation (unilateral hypoplasia of an
A1 or P1 segment is commonly seen).

Treatment Options
CONSERVATIVE OR MEDICAL MANAGEMENT

e The first step in the treatment of vasospasm is medical therapy with hypervolemia, hypertension,
and hemodilution (triple-H therapy) and additional Ca®" antagonists (nimodipine). Obviously,
triple-H therapy is dependent on complete occlusion of the aneurysm from the circulation.

e Hypervolemia and hemodilution are maintained with intravenous fluids (3 L/d) and monitoring of
the central venous pressure (8-12 mm Hg, with a pulmonary wedge pressure of 14-18 mm Hg).
The goal of hemodilution is to keep the hematocrit at 30 to 32% to reduce the viscosity of the blood
while maintaining the oxygen-carrying capacity. Hypertension is achieved with vasopressors (dopa-
mine and dobutamine); an arterial pressure of at least 30 mm Hg above baseline is maintained.

e (Ca” antagonists inhibit the contractile properties of smooth-muscle cells and seem to have neu-
roprotective effects. When they are administered orally, the dosage is 60 mg every 4 hours.

ENDOVASCULAR TREATMENT

e The intra-arterial injection of vasodilators and balloon angioplasty, or a combination of the two,
are the endovascular treatment options currently available.

e In our practice, endovascular options are employed only if the following criteria are fulfilled: new
neurologic deficit not explained by other causes, no CT evidence of established cerebral infarc-
tion, failure of maximal medical therapy, and angiographic evidence of vasospasm in the same
distribution as the neurologic deficit.
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e [f intra-arterial vasodilators are given, the dosages for the drugs described in the literature are as

follows:

e Papaverine HCl is available in a 3% concentration (30 mg/mL); 300 mg of papaverine is
diluted with 100 mL of saline to obtain a 0.3% concentration and is administered at a rate of
3 mL/min.

e Nimodipine doses are 1 to 3 mg diluted with 15 to 45 mL of saline to obtain a 25% concentra-
tion, which is infused over 10 to 30 minutes. A maximum of 5 mg can be given.

e Nicardipine and verapamil doses should not exceed 5 mg; classically, these drugs are diluted
with saline to a concentration 0.1 mg/mL and administered as a slow infusion.

e Milrinone is diluted with 0.9% saline to a 25% concentration and infused at a rate of 1 mL/min
to a total dose of 5 to 15 mg.

e Fasudil (30 mg) is dissolved in 20 mL of saline, and 15 to 45 mL of this solution is infused at
a rate of 1.5 mL/min.

e Balloon angioplasty is performed with either short, undersized coronary balloons 2 mm in diam-
eter and 9 mm in length (Maverick; Boston Scientific) or softer, more compliant balloons used for
balloon remodeling (HyperGlide 4 x 10 or HyperForm 4/7 x 7; ev3, Plymouth, MN). Although the
HyperGlide balloon is very compliant and soft, the HyperForm balloon shape is better suited to
the shape of the vessel. Given the maximum diameter of both balloons, care must be taken not
to overinflate them. The balloons are either slowly inflated over a prolonged period or gradually
inflated in increments of 25% of the maximum vessel diameter. Balloons should be inflated with
a 50:50 mixture of iodinated contrast at a concentration of 300 mg/mL and saline.

Possible Complications

e If not treated properly, vasospasm can result in ischemic deficits.

e Intra-arterially injected vasodilators may cause an increase in intracranial pressure (ICP) and a
decrease in heart rate and blood pressure, and their effect usually ceases after 24 hours.

e Overaggressive balloon inflation, on the other hand, may lead to dissection or even rupture of the
vessel, with a usually fatal outcome.

Published Literature on Treatment Options

Concerning the oral use of nimodipine, a Cochrane Review revealed a significant effect in reducing
the chances of poor outcome, ischemia, or infarction: relative risk (RR) of poor outcome, 0.69 (95%
confidence interval [CI], 0.58-0.84); RR of ischemic deficit, 0.67 (95%CI, 0.59-0.76); RR of infarc-
tion, 0.80 (95%CI, 0.71-0.89). Therefore, nimodipine is strongly recommended. Triple-H therapy is
also recommended, although the level of evidence is not as compelling as that for nimodipine. For
patients with symptomatic vasospasm in whom these medical treatments fail, endovascular options
have to be discussed, either intra-arterial infusion of drugs, transluminal balloon angioplasty, or a
combination of both.

Vasodilators that have been used to treat SAH-induced vasospasm in larger studies are papaver-
ine, nimodipine, nicardipine, verapamil, milrinone, and fasudil. These drugs are administered via slow
infusion over a microcatheter or guidewire and in ~40% to 75% of treated patients lead to an initial
clinical improvement. No matter which drug used, it is common, though, for clinical vasospasm to
recur 12 to 24 hours after the initial response to the agent. Increased ICP, bradycardia, hypotension,
and cardiac responses may be present, depending on the injected agent. Repeated treatments may
be necessary, although recurrence seems to be less common with the newer drugs (milrinone and
fasudil).
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Fig. 10.4 This patient with an anterior communicating
artery aneurysm came to our institution on day 6 follow-
ing an SAH. (A) Significant vasospasm was present on the
initial left ICA angiogram. In these cases, surgery is not rec
ommended because surgical manipulation of the already

‘LA‘{

the aneurysm is, however, necessary to be able to employ
triple-H therapy and oral nimodipine. Following a gentle
transluminal angioplasty of (B) the spastic A1 segment, (C)

embolization was performed, resulting in complete oblit-
eration of the aneurysm. The patient had a good clinical

spastic vessels may increase the vasospasm. Treatment of — outcome.

Angioplasty is a safe and effective treatment for symptomatic vasospasm, and when used early
(< 24 hours), it leads to clinical improvement. It can be performed on the proximal vessels, and a slow
or staged inflation technique should be employed. The rate of overall clinical improvement is slightly
higher than with intra-arterial medical treatment (60-90%), and the results seem to be more durable
compared with those of medical treatment. Drawbacks of this technique are the more difficult access
and the inability to treat distal vessel segments, which is why in cases of severe proximal and distal
vasospasm with no significant improvement of perfusion after proximal balloon angioplasty, combi-
nation therapy with the addition of intra-arterial medical treatments is required.

When patients with ruptured aneurysms that have not yet been treated present with vasospasm
(e.g., because of belated arrival in the hospital), endovascular therapies are recommended: very gentle
(undersized) transluminal balloon angioplasty (Fig. 10.4) followed by rapid coiling and subsequent
additional angioplasty if spasm persists.

PEARLS AND PITFALLS

e The techniques used for aneurysm repair (clipping and coiling) do not differ with respect to risk
for cerebral vasospasm and its consequences.

e Endovascular treatment should be contemplated if the site of angiographic vasospasm corre-
sponds to the neurologic deficit and if all medical therapies fail to ameliorate the neurologic
deficit.

¢ Distal vasospasm may be more amenable to intra-arterial vasodilator injection, whereas proximal
vasospasm may be treated by gentle and slow balloon angioplasty.

Further Reading
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CASE 11

Case Description

Clinical Presentation

A 63-year-old woman has progressive visual loss with no light percep-
tion in her right eye and progressive loss in her left eye (20/200). CT and
subsequently MRI are performed.

Fig. 11.1 (A) Unenhanced axial
CT shows a large hyperdense
suprasellar mass lesion with rim
calcification. (B) Axial FLAIR, (C)
coronal T2-weighted, and (D) T1-
weighted contrast-enhanced MR
sequences demonstrate a partially
thrombosed giant aneurysm. The
centrally located enhancing portion
represents the nonthrombosed part
of the aneurysm.

Radiologic Studies
CT AND MRI

CT and MRI revealed a partially thrombosed giant aneurysm arising from the left suprasellar internal
carotid artery (ICA). The aneurysm was partially calcified and had significant mass effect on the chi-
asm. The adjacent brain exhibited perifocal edema (Fig. 11.1). Balloon test occlusion and DSA were
performed to evaluate treatment options.

DSA

Injection in the left ICA demonstrated a supra-ophthalmic aneurysm with an opacified lumen that was
significantly smaller than the size of entire aneurysm. Elevation of both A1 segments was seen. An
anterior communicating artery aneurysm was also visualized. Balloon test occlusion demonstrated a
carotid termination aneurysm on the right side and delayed capillary blush while the patient remained
neurologically intact (Fig. 11.2). For details on how to perform a test occlusion, see Case 45.
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test occlusion

Fig. 11.2 DSA. Left ICA angiograms in (A) AP view and noted. (C) Right ICA during balloon test occlusion demon-
(B) 3D reconstruction show a large supra-ophthalmic aneu-  strates another right carotid termination aneurysm with
rysm and elevation of the left A1 segment by mass effect.  delayed venous phase of the left cerebral hemisphere (> 4
A smaller anterior communicating artery aneurysm is also  seconds).

Diagnosis

Giant partially thrombosed supra-ophthalmic ICA aneurysm

Treatment
EQUIPMENT

e Standard 6F access (puncture needle, 6F vascular sheath)

e A 6F multipurpose catheter (Envoy; Cordis, Warren, NJ) with continuous flush and a 0.035-in
hydrophilic guidewire (Terumo, Somerset, NJ)

e Marksman microcatheter (Chestnut Medical Technologies, Menlo Park, CA) with a 0.014-in guide-
wire (Transend 14; Boston Scientific, Natick, MA)

e Two pipeline flow-diverting stents 4.25 mm x 18 mm and 4.25 mm x 12 mm (ev3, Plymouth,

MN)
e Contrast material
e Heparin
DESCRIPTION

In view of the delay in circulation time demonstrated at the test occlusion and the presence of both
an anterior communicating artery and a carotid termination aneurysm, which would be exposed
to a higher flow following sacrifice of the parent vessel, treatment with a flow-diverting stent was
chosen. The patient was pre-treated with acetylsalicylic acid and clopidogrel for 3 days and was fully
heparinized. After the femoral artery was accessed, a 6F guiding catheter was placed into the left
ICA. Under roadmap control, we placed the Marksman microcatheter into the M1 segment of the left
middle cerebral artery (MCA) with the aid of a Transend Soft Tip wire. Through the microcatheter,
we placed a 4.25 x 18.0-mm pipeline stent into the supraclinoid left ICA. The stent was deployed just
proximal to the anterior choroidal artery on the left. The proximal end of this stent was placed in
the C4 segment of the left ICA. Control angiogram showed a significant reduction in flow toward the
aneurysm. The microcatheter was then advanced again into the M1 segment of the left MCA, and a
second stent was deployed within the first stent and placed over the neck of the aneurysm. Control
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angiogram showed near-absence of persistent flow into the aneurysm and stagnation of contrast
material in the patent lumen (Fig. 11.3). No narrowing of the parent vessel adjacent to the aneurysm
or distal thromboembolic events were noted. No new neurologic deficits developed. Follow-up MRI
4 months after the procedure demonstrated complete occlusion of the aneurysm with unchanged
appearance of the mass effect (Fig. 11.4).

E},

Fig. 11.3 Left ICA angiograms in the working projection (A,B) before and (E,F) after flow diversion. (C,D) Plain radiog-
raphy demonstrates the position of the stent and stagnation of the contrast within the aneurysm sac.

Fig. 11.4 T1-weighted contrast-enhanced MR sequences (A) before and (B) at 4 months after the procedure and (C)
MRA show complete occlusion of the aneurysm with enhancement of the central portion no longer seen. The mass
effect, however, is essentially unchanged.
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Discussion

Background

Partially thrombosed aneurysms are not simply large saccular aneurysms with some clot along the
wall. They demonstrate distinct clinical and imaging features and are likely caused by different patho-
logic mechanisms, so that different treatment approaches are required. Partially thrombosed aneu-
rysms typically present with mass effect, and on imaging, thrombus of different ages in an onion
skin pattern surrounds a smaller patent lumen. They usually continue to grow, probably secondary
to recurrent subacute intramural dissections and repeated subadventitial bleeding from the vasa
vasorum.

Noninvasive Imaging Workup
PHYSICAL EXAMINATION

e Partially thrombosed aneurysms typically present with progressive symptoms due to mass effect.
They seldom present with subarachnoid hemorrhage (SAH). If there is SAH with this type of
aneurysm, it usually arises at the neck of the aneurysm, presumably because of a transmural
dissection at this site.

CT/CTA/MRI/MRA

e Neuroimaging studies of partially thrombosed aneurysms show evidence of intramural hemor-
rhage of different ages. Typically, CT and MRI show fresh clot at the periphery of the thrombosed
portion of the aneurysm, with no apparent connection between the clot and the patent lumen of
the aneurysm. The oldest thrombus is close to the patent lumen, indicating that the aneurysm
has grown from the periphery.

e Surrounding edema is seen in nearly all cases. Contrast-enhanced studies may show a sickle-
shaped zone or a complete ring of contrast enhancement at the periphery of the aneurysm.

e The aneurysm wall is vascularized by a dense network of vasa vasorum that behaves like the
membrane of a chronic subdural hematoma. Intramural hemorrhages appear to be the main cause
of the continued growth.

e In patients with giant thrombosed aneurysms, serial neuroimaging may demonstrate growth
of the thrombosed portion as the consequence of hemorrhage into the thrombus and/or wall.
In these cases, new intramural hemorrhage is seen distal to the patent lumen and close to the
periphery of the aneurysm, suggestive of dissection between the layers of the aneurysm wall at
the periphery of the thrombus.

e Partially thrombosed aneurysms may continue to grow, even when the lumen of the aneurysm
is completely occluded or thrombosed. This is likely caused by ongoing hemorrhages within the
vessel wall.

Invasive Imaging Workup

e Because angiography visualizes the lumen but not the other parts of an aneurysm, it will under-
estimate the size of these lesions. Evaluation of mass effect on adjacent structures, including the
veins, is of importance.

e Potential collateral pathways for subsequent therapies, including patent anterior and posterior
communicating arteries, must be visualized. Compression series, or even balloon test occlusion,
may be necessary to estimate whether parent vessel sacrifice is possible.

e An underlying disease of the vessel wall may be present and should be sought.



66  CASE-BASED INTERVENTIONAL NEURORADIOLOGY

Differential Diagnosis

e Given the significant mass effect, perifocal contrast enhancement, and edema, the differential diagno-
sis includes brain tumors (e.g., craniopharyngeomas, high-grade gliomas). The extra-axial location and
the presence of pulsation artifacts within the mass should, however, lead to the correct diagnosis.

Treatment Options
CONSERVATIVE OR MEDICAL MANAGEMENT

e If not treated, these aneurysms will continue to grow and lead to mass effect, with compression of
the brainstem, cavernous sinus, or supratentorial region of the brain, depending on their location.
Although the risk for SAH is not high, the risk for progressive neurologic deficits with significant
morbidity and mortality is high.

e Steroids may be indicated to reduce acute mass effect due to edema and to reduce inflammation.

SURGICAL TREATMENT

e Given the pathologic mechanism, complete surgical excision should be the best therapy for these
lesions; however, given their size and the predictably considerable difficulties encountered in
reconstructing the neck, they are challenging from a surgical perspective.

ENDOVASCULAR TREATMENT

e Flow diversion, flow reversal, parent vessel occlusion, and protective coiling are techniques that
can be employed in these challenging lesions.

Possible Complications

e Persistent or increasing mass effect due to rapid thrombus formation and subsequent enlargement
of the aneurysm
e Difficulties in navigating distal to the aneurysm, given its broad neck

Published Literature on Treatment Options

The term partially thrombosed aneurysm is misleading and may imply that the thrombus is located
within the aneurysm lumen. Neuroimaging, surgery, and histology indicate that clot of different ages
is located within the vessel wall, not the lumen. These lesions can be regarded as a proliferative
disease of the vessel wall, with growth induced by extravascular (presumably partly inflammatory)
activity. Mural thrombosis may act as a chronic trigger for perivascular growth factors, which then
stimulate the further proliferation of vessels, both within the clot and within the vessel wall. Because
their pathologic mechanism is markedly different from that proposed for nonthrombosed or saccular
aneurysms, these lesions may be regarded as a separate clinical and pathologic entity.

Because of the specific histologic considerations discussed above, the ideal treatment should be
complete surgical excision of the lesion; however, this procedure may be possible only after distal and
proximal vessel wall occlusion (trapping) and is associated with a high periprocedural risk, given the
significant mass effect, the often calcified aneurysm wall, and the wide neck. Therefore, endovascu-
lar options are to be considered. We do not think that endovascular repair of these aneurysms with
coils is a durable treatment option. Clinical observations of such aneurysms treated with coils shows
aneurysm regrowth over time, possibly due to compaction of the coil mass or to continuation of the
pathologic process in the vessel wall. However, amelioration of symptoms with decreased perifocal
edema may be seen, presumably as a consequence of a decrease in aneurysm pulsatility. “Protective”
coiling may therefore be regarded as a palliative treatment option (Fig. 11.5).



| ANEURYSMS AND SUBARACHNOID HEMORRHAGE 67

Fig. 11.5 Right ICA angiogram in (A) AP and (B) lat- ICA angiogram in (D) AP and (E) lateral views following
eral views and (C) axial T2-weighted MR sequence reveal protective or palliative coiling demonstrates occlusion of
a giant partially thrombosed aneurysm of the anterior the aneurysm sac with coils. (F) Axial T2-weighted MR
communicating artery complex with significant perifocal ~ sequence at 6 months after embolization demonstrates
edema. A smaller right MCA aneurysm is also noted. Right  significant reduction in perifocal edema.

Occlusion of the parent vessel may be a treatment option because (especially in the ICA territory)
the vasa vasorum arise from the ICA itself and are thus occluded. However, for these kinds of aneu-
rysms, the results of parent vessel occlusion are not predictable, and it has been shown that aneu-
rysms can continue to grow even after their parent vessels have been sacrificed. Again, we presume
that this is because of persistence of the vessel wall disease. Parent vessel occlusion (with or without
additional surgical bypass) has been shown to reduce the aneurysm size over time (Fig. 11.6).

Flow reversal is a third endovascular treatment alternative, especially in the posterior circulation
if sufficiently large posterior communicating arteries are present. Bilateral occlusion of the vertebral
arteries below the posterior inferior cerebellar artery will lead to reversal of the flow direction in
the basilar artery, which alters the inflow pressure and may lead to aneurysm shrinkage over time
(Fig. 11.7).

As shown in this case, flow diversion may be a fourth alternative. At present, it seems that this
technique yields excellent angiographic results, with preservation of flow in the distal territory and
complete occlusion of the aneurysm. Additionally, the complication rate is very low. However, long-
term clinical results are still missing (i.e., true size reduction of the aneurysm over time, delayed
in-stent stenosis). Nonetheless, based on our initial experience and that of other groups, we are
optimistic that this technique will be of help in treating these challenging lesions.
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Fig. 11.6 (A) Axial T2-weighted MR sequence and (B) 3D recon-
struction of the left ICA angiogram reveal a giant partially throm-
bosed aneurysm of the left ICA in a 65-year-old patient presenting
with cognitive decline. (C) Right ICA angiogram following treat-
ment with parent vessel occlusion after a balloon test occlusion

shows good collaterals to the left cerebral hemisphere without
a delayed venous phase. (D) Axial T2-weighted MR sequence 6
months following the parent vessel occlusion demonstrates sig-
nificant regression of the perifocal edema and mass effect.

Fig. 11.7 Treatment of a partially thrombosed aneurysm  time (arrows). (D) Axial T2-weighted MR sequences before
of the basilar artery. (A) Left vertebral angiogram before  and (E) 4 years after treatment show the size reduction.
treatment and left ICA angiogram (B) directly after and  (F) MRA 4 years after treatment reveals occlusion of the
(C) 1 year after bilateral vertebral artery occlusion dem- aneurysm. The patient is neurologically intact.

onstrate reduction in size of the midbasilar aneurysm over
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PEARLS AND PITFALLS

e The imaging features of “partially thrombosed aneurysms” are peripheral hemorrhage within the
“thrombosed” part of the aneurysm far from the patent lumen, a strongly enhancing rim, and an
edematous reaction of the adjacent brain parenchyma.

e Treatment strategies include parent vessel occlusion, flow reversal, palliative “protective” coiling,
and flow diversion.
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CASE 12

Case Description

Clinical Presentation

A 60-year-old man presents with the sudden onset of headaches that start
in his neck and then extend over his entire head. He has nausea and
vomiting and is not fully oriented to place and time when seen in the
emergency department. CT and CTA are performed.

Cc l -l

Fig. 12.1 (A,B) Unenhanced axial CT demonstrates SAH, predominantly in the posterior fossa.
CTA in (C) axial, (D) coronal, and (E) sagittal views reveals a fusiform dilatation of the right VA,
suggesting a dissection.

Radiologic Studies

CT/CTA

CT demonstrated a subarachnoid hemorrhage (SAH) that was dominant at the level of the posterior
fossa, with blood in the inferior vermian cistern and surrounding the entire brainstem. CTA per-

formed during the same session demonstrated a fusiform dilatation of the right vertebral artery (VA)
suggestive of an acute hemorrhagic VA dissection (Fig. 12.1).
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DSA

On injection in the left VA, the right V4 dissecting aneurysm was visualized via V4-to-V4 cross-filling.
A small bleb was present in the fusiform aneurysm. An extradural origin of the right posterior infe-
rior cerebellar artery (PICA) and the anterior spinal artery arising from the right distal VA were also
noted (Fig. 12.2).

Diagnosis

Acute hemorrhagic dissecting aneurysm of the right VA

Treatment
EQUIPMENT

e Standard 6F access (puncture needle, 6F vascular sheath)

e A 6F multipurpose catheter (Guider Soft Tip; Boston Scientific, Natick, MA) with continuous flush
and a 0.035-in hydrophilic guidewire (Terumo, Somerset, NJ)

e Straight and 90-degree angled microcatheters with a 1.7F tip and a 0.065-in inner lumen (Excelsior
SL 10; Boston Scientific) with a 0.014-in guidewire (Synchro 14; Boston Scientific)

e (oil selection: two GDC 360-degree coils 3 mm x 6 cm; for subsequent filling, three GDC HyperSoft
2 mm x 4 cm for both the proximal and distal coil mesh (Boston Scientific)

e Contrast material

e Heparin

Fig. 12.2 DSA. Left vertebral angiogram in AP view shows
irreqularity and fusiform dilatation of the V4 right VA with
a small bleb, in keeping with a hemorrhagic vertebral dis-
secting aneurysm. An extradural origin of the right PICA
was observed. The anterior spinal artery arises from the
distal right VA.
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DESCRIPTION

The 6F multipurpose catheter was placed in the distal right VA. Under roadmap conditions, the straight
microcatheter was advanced distal to the PICA just proximal to the stenotic portion of the dissection,
and a dense coil mesh was deployed. A control from the right side demonstrated complete occlusion
of the proximal portion with preservation of the PICA. Subsequently, the left VA was selected again.
Injection demonstrated persistent filling of the dissected segment and mild widening at the level of
the dissection. Because proximal occlusion of the dissection did not completely exclude the dissection
from the arterial circulation, the potential for rebleeding was still present. In addition, the dissected
segment did not include the PICA or the anterior spinal artery. Therefore, it was decided to occlude the
distal entry zone into the dissection following catheterization of the right V4 segment from the left VA
with the aid of a 90-degree angled microcatheter. Rebleeding from a proximally occluded “dissection
aneurysm” can be anticipated when the dissection aneurysm does not collapse but increases in size
after proximal occlusion, which is what happened in this case. A dense coiling mesh was deployed,
and a subsequent control series demonstrated complete occlusion of the dissected portion from the
flow with persistent flow in the anterior spinal artery and the right PICA (Fig. 12.3).

Discussion

Background

Of all intracranial nontraumatic cases of SAH, 1 to 10% are caused by a ruptured intracranial dissec-
tion. In children, the rate may be even higher. The majority of hemorrhagic intracranial dissections
are located in the posterior circulation, possibly because on histology, the intradural VA has a thin
media and adventitia with relatively few elastic fibers. Apart from the VA, the posterior cerebral
artery (PCA) at the P2-P3 transition may be affected (presumably by repetitive microtrauma of the
PCA at the free margin of the tentorium). The basilar artery, the distal cerebellar arteries, and the
middle cerebral artery are less commonly affected. Although syphilis, fibromuscular dysplasia, col-

Fig. 12.3 (A) Unsubtracted right vertebral angiogram in  complete occlusion of the dissecting aneurysm with pres-
AP view shows the two coil meshes in the right VA, proxi- ervation of the right PICA and the anterior spinal artery
mal and distal to the dissection. DSA. (B) Right vertebral originating from the right V4 segment.

and (C) left vertebral angiograms in AP view demonstrate
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lagen disease, and trauma are associated with dissection, the pathogenesis for most dissections is
still unclear. On histopathology, sudden disruption of the internal elastic lamina with subsequent
penetration of circulating blood into the media, transmural rupture, and SAH is the primary mecha-
nism underlying cerebral dissecting aneurysms.

Noninvasive Imaging Workup
CT/CTA

e The predominant blood distribution in the posterior fossa in VA dissections should raise suspicion
of a dissection because up to 30% of posterior fossa SAHs are caused by a dissection.

e The CTA should be scrutinized for focal stenotic portions of the vasculature because a fusiform
aspect may not be present in all patients with a hemorrhagic VA dissection.

MR/MRA

e In the acute setting, MRI usually does not play a role unless the dissection is associated with isch-
emia rather than hemorrhage. In chronic dissections with associated mural hematoma, MRI can
better visualize the pathology within the vessel wall, whereas DSA or CTA merely demonstrates
the “luminal” aspect of the vessel.

Invasive Imaging Workup

e The most frequent angiographic demonstration in this series was regular or irregular eccentric
fusiform dilatation associated with slight luminal narrowing proximal and distal to the dilatation.
However, ruptured dissections may not have an obvious “aneurysmal” dilatation, and narrow ves-
sel segments may also lead to hemorrhagic events.

e Angiography will demonstrate the origin of the dissection, which in most instances is a focal ste-
nosis in relation to the PICA, anterior spinal artery, and potential brainstem perforators. Although
in most instances brainstem perforators to the dorsolateral medulla oblongata arise from the PICA,
the more distal the PICA origin on the VA, the more likely it is that these perforators will arise
from the VA.

e Dissections can be bilateral, and as in all cases of SAH, the angiographic evaluation needs to
include an evaluation of all four arteries supplying the brain.

Treatment Options
CONSERVATIVE OR MEDICAL MANAGEMENT

e Given the very high rebleeding rate, conservative management is not favored in most centers for
acutely symptomatic patients. In the subacute stage (1 month following the dissection), however,
conservative treatment may be contemplated.

e In the chronic stage (an asymptomatic patient with an incidentally found fusiform dolicho seg-
ment), conservative management with follow-up to rule out growth is recommended.

SURGICAL TREATMENT

e Surgical treatment options described in the literature are trapping, hunterian ligation, bleb clip-
ping, and wrapping of the aneurysm.

e Rates of treatment-related morbidity and mortality are high, given the frequent posterior fossa
location. Lower cranial nerve and respiratory complications predominate in most series.
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ENDOVASCULAR TREATMENT

e Parent vessel occlusion, endovascular trapping, and stent-assisted treatments have to be discussed,
depending on the size of the VA involved, the location of the dissection, and its relationship to
the anterior spinal artery, PICA, and brainstem perforators.

Possible Complications

e Local brainstem perforator ischemia due to parent vessel occlusion

e Thromboembolic complications during parent vessel occlusion

e Extensive thrombosis into the distal VA following parent vessel occlusion

e High risk for repeated rupture of the dissected segment

e It is difficult to manage basilar artery vasospasm if the treated (sacrificed) VA was the dominant
supply (and access) to the posterior fossa circulation.

Published Literature on Treatment Options

Acutely ruptured dissections are unstable and have a tendency to rebleed. The rebleeding rate has
been reported to be as high as 70%, with a 50% mortality rate. The shorter the time elapsed after
initial hemorrhage, the higher the risk for rebleeding in the acute phase, with up to 70% of repeated
ruptures occurring within the first 24 hours. However, the rebleeding rate decreases considerably
after the first week following initial hemorrhage, and unlike saccular aneurysms, ruptured dissections
may completely heal via vessel wall repair mechanisms. Conservative management may therefore be
adopted when patients are referred in the subacute stage (> 1 month after the initial event).

Surgical options for acute hemorrhagic intracranial dissection include trapping, hunterian liga-
tion, bleb clipping, and wrapping, the latter method being rather historical given the extremely high
risk for repeated hemorrhage. Based on the described pathologic mechanism, bleb clipping may also
be regarded as insufficient; the dissection may still grow or rupture because in most instances the
endoluminal entry point of blood into the vessel wall is not treated. Ligation and trapping are there-
fore considered the surgical therapies of choice. Depending on the location of the dissection, a sur-
gical approach may be difficult, and because the VA is the most common site of dissection, rates of
lower cranial nerve palsy are reported to be as high as 75% and those of respiratory complications as
high as 20%, which is why endovascular treatment modalities are favored in most centers.

When contemplating endovascular treatments, one has to remember that because of their inher-
ent capability to heal, dissections can resolve spontaneously; therefore, the aim of treatment is to
prevent more blood from entering the dissected vessel segment. Endosaccular coiling (with or with-
out stent assistance) may not necessarily achieve this goal, given the more proximal entry point of
the dissection, and rebleeding rates with this treatment strategy are known to be high. Therefore,
treatment options to be favored are the following: (1) parent vessel occlusion of the dissected seg-
ment by trapping, (2) flow reversal over the dissected segment with proximal vessel occlusion (Fig.
12.4), and (3) apposition of the dissected intimal flap to the vessel wall with a stent. The obvious
advantage of the latter treatment strategy is the reconstitution of flow through the dissected vessel;
however, this treatment strategy can work only if a stent with a dense mesh and a sufficiently high
radial force is employed. The new generation of flow diversion stents, discussed in Case 11, are in the
author’s opinion well suited for this purpose; however, problems with acute in-stent thrombosis, the
need for aggressive antiplatelet management in the acute phase of an SAH, and the risk for rebleeding
if the dissection is not sufficiently apposed have to be weighed against the risks and benefits of the
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Fig. 12.4 Left vertebral angiogram in (A) AP and (B)
lateral views and (C) 3D reconstruction demonstrates
irregularity of the distal left VA, corresponding to
dissection that also involves the origin of the PICA.
Therefore, only a proximal occlusion was performed,
with flow reversal from the contralateral VA into the
PICA. (D) Right and (E) left vertebral angiograms in

AP view show obliteration of the proximal part of the
dissection. Although flow was still visible through the
distal dissected lumen after proximal occlusion, (F) fol-
low-up MRA reveals remodeling of the dissection to a
normal luminal structure, and no perforator ischemia
is noted.

established treatment options (i.e., parent vessel occlusion or flow reversal). Because the choice of
treatment will depend on the individual vascular anatomy and the site of the dissection, only general
guidelines about the management of these challenging cases can be given.

PEARLS AND PITFALLS

e Dissections cause up to 10% of all nontraumatic cases of SAH.
e The posterior circulation is more often involved than the anterior circulation because of thinner

vessel walls with less elastic fibers.

e On histopathology, the elastic lamina is destroyed.

e The rebleeding rate is as high as 70% in the first 24 hours and 80% in the first week. Rebleeding
is associated with a mortality rate of up to 50%.

e At angiography, a focal stenosis is often seen proximal to a fusiform dilatation.
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e Treatment choices are dependent on the individual anatomy and include parent vessel occlusion,
flow reversal, and trapping. Coiling of the fusiform dilatation (with or without stent assistance)
is associated with high periprocedural repeated rupture rates.

¢ The role of stents for the treatment of acute dissections is a matter of debate. If the stent is able to
reposition the flap against the vessel wall without further penetration of blood into the dissected
segment, treatment is complete; however, only stents with a very dense mesh and high radial
forces will be able to accomplish this. Problems with acute in-stent thrombosis may occur.
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CASE 13

Case Description

Clinical Presentation

A 46-year-old woman is admitted for sudden headaches with confusion.
No posterior fossa neurologic symptom is noted, considering the inter-
ference of confusion with the clinical examination. Outside CT shows a
subarachnoid hemorrhage (SAH) without associated intraparenchymal
hemorrhage, and the patient is referred to us for further angiographic
workup.

Fig. 13.1 DSA. Right vertebral angiogram in (A) AP and (B) lateral views and (C) 3D reconstruction demonstrates a
fusiform aneurysm of the right post-labyrinthine AICA.

Radiologic Studies
DSA

A complete four-vessel angiography was performed. Vertebral artery (VA) injection demonstrated a
fusiform aneurysm of the distal right anterior inferior cerebellar artery (AICA). There was no evidence
of an associated vascular malformation. Proximal to the fusiform segment, focal narrowing of the
vessel lumen was demonstrated (Fig. 13.1).

Diagnosis

Acutely ruptured dissecting distal AICA aneurysm

Treatment
EQUIPMENT

e Standard 5F access (puncture needle, 5F vascular sheath)
e A 5F multipurpose catheter (Guider Soft Tip; Boston Scientific, Natick, MA) with continuous flush
and a 0.035-in hydrophilic guidewire (Terumo, Somerset, NJ)
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e A 0.012-in flow-directed microcatheter (Magic; Balt International, Montmorency, France) with a
0.008-in guidewire (Mirage; ev3, Plymouth, MN)

e A 10% glucose solution

e Histoacryl/Lipiodol (1 mL/1 mL))

e Contrast material

e Steroids
e Heparin
DESCRIPTION

After distal catheterization of the dominant VA with a multipurpose guiding catheter, which was
continuously flushed, a flow-directed microcatheter was advanced into the AICA and carefully
advanced toward the distal post-labyrinthine portion. A guidewire was introduced into the micro-
catheter and advanced without exiting the microcatheter to make it easier to push the microcatheter.
Superselective slow microcatheter injections confirmed the distal location of the catheter. After the
microcatheter had been flushed with the glucose solution, a mixture of 1 mL of glue with 1 mL of
Lipiodol was injected that allowed complete occlusion of the diseased segment without significant
penetration of the liquid embolic agent into the distal circulation (Fig. 13.2). The microcatheter was
removed, and control runs demonstrated complete occlusion of the diseased segment, with distal
revascularization by leptomeningeal collaterals. The patient was given heparin and steroids for 24
hours. MRI following the procedure showed focal and scattered areas of distal AICA territory isch-
emia without involvement of the deep cerebellar nuclei, and postural instability was noted clinically.
One-year follow-up imaging did not demonstrate any remnant or recurrence of the aneurysm. The
clinical course was favorable; the patient’s postural instability remained but did not interfere with
her daily activities.

Discussion

Background

Intracranial posterior circulation aneurysms account for ~10% of all intracranial aneurysms. Within
this group, fewer than 5% are in a peripheral location. In most instances, these aneurysms are caused
by distal dissections (i.e., transmural damage secondary to microtrauma, underlying vessel wall disease
associated with Ehlers-Danlos syndrome or Marfan syndrome, immune or inflammatory changes).
The morbidity and mortality rates of these lesions, which may be associated with subarachnoid
and intraparenchymal hemorrhage, are high. Assuming that the outpouching seen on angiography is
related to a transmurally dissected vessel, the aneurysmal pouch should be regarded as a false sac
or extravascular space.

Noninvasive Imaging Workup
PHYSICAL EXAMINATION

e Because distal dissecting aneurysms can be present in patients with underlying vessel wall dis-
eases such as fibromuscular dysplasia, Marfan syndrome, and Ehlers-Danlos syndrome, a physical
examination conducted before an invasive diagnostic workup should include the family history, a
history of hypertension or kidney disease (for fibromuscular dysplasia), a history of hypermobile
joints, heart valve problems, and retinal detachment (for Marfan syndrome), and a history of
loose joints, easy bruising, abnormal wound healing, and “stretchy” soft skin (for Ehlers-Danlos
syndrome).
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Fig. 13.2 DSA. (A) Superselective AICA injection, (B) glue cast, and (C) right vertebral
angiogram in AP view immediately after embolization show complete occlusion of the
dissected segment of the right AICA with revascularization of the distal segment by lep-
tomeningeal collaterals. (D) Axial T2-weighted MR sequence reveals a small focal area of
ischemia without involvement of the deep cerebellar nuclei.

CT|CTA

e (T and CTA in the presence of distal SAH should include the area of bleeding and not be confined
to the proximal circle of Willis. Especially in cases in which the dissection is fusiform without
a clear aneurysmal outpouching, the diagnosis can be challenging, and an invasive diagnostic
workup will be required.

MRI/MRA
e Although MRI and MRA usually do not play a role in the acute setting, they may be helpful to
detect and/or exclude entities in the differential diagnosis (see below) for distal SAH.

e In addition, contrast-enhanced MRI with vessel wall imaging can help to identify the cause of
distal aneurysms of inflammatory origin.

Invasive Imaging Workup

e Angiography is the method of choice to detect the distal aneurysm and to assess the various
treatment options, which depend on the collateral circulation distal to the diseased segment.
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In patients with suspected underlying vasculopathy, extreme caution must be exercised during
catheterization of the vessels.

The disease process classically starts with a focal stenosis proximal to the outpouching; this focal
stenosis is believed to represent the origin of the dissection (i.e., the point where blood from the
true lumen enters the subendothelial space).

Differential Diagnosis

Recent trauma (as far back as 4 weeks, especially in children) is suggestive of a traumatic origin
of the aneurysm. Endocarditis with septicemia favors an inflammatory origin.

Distal aneurysms may be present in patients with arteriovenous shunting lesions.

Apart from distal aneurysms, the following entities must be included in the differential diagnosis
for distal SAH: traumatic SAH, vasculitis, Call-Fleming syndrome (reversible cerebral vasoconstric-
tion syndrome), sinus thrombosis, and amyloid angiopathy.

Incidentally discovered fusiform vessels may represent “healed” remote dissections and in our
opinion do not require treatment.

Treatment Options
CONSERVATIVE OR MEDICAL MANAGEMENT

Given the high rebleeding rate of acute dissections, in our opinion, early treatment is indicated. On
the other hand, if a fusiform arterial segment is seen in a patient without symptoms of a recent
hemorrhage, no treatment is performed.

SURGICAL TREATMENT

Surgical treatment is indicated if a space-occupying intraparenchymal hemorrhage is associated
with the distal dissection.

Bypass surgery may be necessary in patients who are not likely to have sufficient collateral cir-
culation and are therefore likely to have neurologic deficits following parent vessel occlusion.
Treatment of the dissection by surgery is, depending on its location, challenging, and the rate
of repeated rupture during decompressive craniotomy and surgical exploration can be high.
Therefore, endovascular therapies are the first line of treatment in most centers.

ENDOVASCULAR TREATMENT

Given the distal location of these types of dissections, stents do not play a role in their treatment.
Parent vessel occlusion, either with coils or with liquid embolic material, is the therapy of choice.
Protective coiling to prevent recurrence of hemorrhage is an alternative treatment strategy, as
outlined below.

Possible Complications

The major risks are due to the dissecting process in a distal vessel and therefore related to vessel
fragility; hemorrhage may recur because of wire penetration or the forceful injection of contrast
or other liquids.

Distal thromboembolic or ischemic complications may occur during parent vessel occlusion.



| ANEURYSMS AND SUBARACHNOID HEMORRHAGE 81

e In patients with underlying vessel wall disease, vigorous catheterization may lead to dissections
of the proximal vessels.

Published Literature on Treatment Options

Because the majority of distal fusiform aneurysms that present acutely with an SAH are due to a
dissecting process, treatment strategies have to be adapted to the presumed pathologic mechanism.
The aneurysmal dilatation seen on angiography is the visible part of the dissecting disease, which
actually involves the entire segment of the parent artery. The therapeutic approach for these dis-
tal dissections may vary. Surgical options that have been proposed are aneurysmal resection, trap-
ping, wrapping, neck clipping, and proximal occlusion; however, high rates of rebleeding have been
reported in aneurysms treated by neck clipping or wrapping alone, which may be explained by an
incomplete exclusion of the dissecting process. The deep location of the aneurysms, their proxim-
ity to the brainstem and cranial nerves, and their fragile vessel walls make surgery challenging, and
surgical morbidity and mortality rates of up to 66% have been reported, mainly due to cranial nerve
impairment.

Traditional endovascular techniques for the treatment of aneurysms—coiling with or without
parent artery occlusion—can be an alternative treatment option. However, the artery that has to be
catheterized may be too small to accommodate the microcatheters used for coiling. Moreover, even
if coils can be repositioned and retrieved, the fragility of the walls of the vessels precludes repeated
mechanical maneuvers, and periprocedural ruptures may occur. Coiling with parent artery preser-
vation, despite successful occlusion of the pouch, may lead to early rebleeding. However, in certain
dissecting aneurysms, such as those in the proximal middle cerebral artery, this may be the only
possible treatment options (Fig. 13.3). In these cases, preventive coiling is used for protection from
early rebleeding, allowing the dissecting process to heal.

In the present case, though, parent vessel occlusion with liquid embolic material was considered
the therapy of choice because of the predictably good collateral circulation within the cerebellum,
the distal location of the dissection, and the fusiform aspect of the dissection without an identifiable
circumscribed outpouching. When liquid embolic agents are used for parent vessel occlusion, distal
penetration of the embolic material must be avoided. Additional bypass surgery has to be considered
in proximal aneurysms when no significant collaterals are present.

PEARLS AND PITFALLS

e Distal aneurysms are not caused by the same diseases that cause “classic saccular” aneurysmes.
Therefore, a different therapeutic strategy is required.

e Because the common pathologic mechanism in most of these aneurysms is a dissecting pro-
cess (due to transmural traumatic disruption, inflammatory changes, microtrauma, or congenital
vasculopathy), parent vessel occlusion with coils or with liquid embolic material without distal
penetration is the method of choice.

e There is risk for aneurysm rupture with the injection of liquid embolic material because of its
potential to increase the intravascular pressure. This can be prevented by avoiding intra-aneurys-
mal injection, a wedged position of the catheter tip, or forceful glue injections. Wire penetration
in the dome of the aneurysm may also cause procedural rupture.
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Fig. 13.3 Right ICA angiogram in (A) lateral and (B) AP views in a patient with SAH demon-
strates an acutely ruptured dissecting MCA aneurysm that started at the distal M1 segment
and involved three major M2 branches. Parent vessel occlusion was deemed impossible
because of the predictably high rate of associated morbidity, and surgery was considered to
be associated with a high risk for repeated rupture. (C,D) Right ICA angiograms in working
projection and (E,F) 3D reconstruction (C,E) before and (D,F) after careful endosaccular
coiling with remodeling of the bifurcation without device assistance. Right ICA angiogram
in (G) lateral and (H) AP views at 3 months after the procedure demonstrates healing of
the dissecting process and remodeling of the vessel. The patient remained neurologically
intact.

Further Reading
Andreou A, loannidis I, Mitsos A. Endovascular treatment of peripheral intracranial aneurysms. AJNR
Am ] Neuroradiol 2007;28(2):355-361

Cognard C, Weill A, Tovi M, Castaings L, Rey A, Moret |. Treatment of distal aneurysms of the cerebellar
arteries by intraaneurysmal injection of glue. AJNR Am ] Neuroradiol 1999;20(5):780-784

Lubicz B, Leclerc X, Gauvrit JY, Lejeune JP, Pruvo JP. Endovascular treatment of peripheral cerebellar
artery aneurysms. AJNR Am ] Neuroradiol 2003;24(6):1208-1213

Zager EL, Shaver EG, Hurst RW, Flamm ES. Distal anterior inferior cerebellar artery aneurysms. Report
of four cases. ] Neurosurg 2002;97(3):692-696



CASE 14

Case Description

Clinical Presentation

An 11-year-old girl has been hospitalized for 1 week for the treatment of
bacterial endocarditis and septicemia. She now presents with the sudden
onset of headache and mild aphasia. CT is performed.

Fig. 14.1 (A) Unenhanced axial CT demonstrates a left frontal hyperdense lesion representing
intraparenchymal hemorrhage. (B) Left ICA angiogram in lateral view shows a small outpouch-
ing at a distal fronto-opercular branch of the left MCA.

Radiologic Studies
cT

CT demonstrated a slightly space-occupying left frontal intraparenchymal hemorrhage abutting the
triangular and orbitofrontal portion of the inferior frontal gyrus. There was no evidence of sub-
arachnoid or intraventricular bleeding. No significant midline shift was noted. DSA was performed
to elucidate the nature of the hemorrhage.

DSA

After injection in the left internal carotid artery (ICA), a focal outpouching in the distal fronto-
opercular branch of the middle cerebral artery (MCA) was detected (Fig. 14.1).

Diagnosis

Distal ruptured infectious aneurysm of a distal M3 fronto-opercular branch of the MCA

83



84  CASE-BASED INTERVENTIONAL NEURORADIOLOGY

Treatment
EQUIPMENT

e Standard 5F access (puncture needle, 5F vascular sheath)

e Astandard 5F multipurpose catheter (Guider Soft Tip; Boston Scientific, Natick, MA) with continu-
ous flush and a 0.035-in hydrophilic guidewire (Terumo, Somerset, NJ)

e A 0.012-in flow-directed microcatheter (Magic; Balt International, Montmorency, France) with a
0.008-in guidewire (Mirage; ev3, Plymouth, MN)

e A 10% glucose solution

e Histoacryl/Lipiodol (1 mL/1.2 mL)

e Contrast material

e Steroids
e Heparin
DESCRIPTION

Because the aneurysm had ruptured despite sufficient antibiotic therapy, treatment was performed.
The 5F multipurpose catheter was placed in the distal ICA, and a flow-directed microcatheter was
advanced with the aid of a micro-guidewire into the distal fronto-opercular branch. A careful micro-
catheter injection demonstrated the fusiform aspect of the aneurysm, with a lateral cortical branch
originating from the dome. There was a sufficiently safe distance with respect to the proximal fronto-
opercular artery. After the microcatheter had been flushed with the glucose solution, a mixture of
1 mL of glue with 1.2 mL of Lipiodol was injected that allowed occlusion of the aneurysm without
reflux into the parent fronto-opercular artery. The patient was given heparin and steroids for 24
hours. Control angiography revealed complete occlusion of the aneurysm and preservation of the
proximal fronto-opercular artery (Fig. 14.2).

Fig. 14.2 (A) Superselective hand injection and (B) left ICA angiogram after the emboliza-
tion reveal complete occlusion of the aneurysm with preservation of the proximal fronto-
opercular artery.
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Discussion

Background

Aneurysms associated with an infectious state have historically been termed mycotic aneurysms.
However, the term infectious arterial aneurysm seems more appropriate; although these aneurysms
can be caused by fungal infections, they are most often of bacterial origin and account for 1.5 to
9% of all intracranial aneurysms (pediatric and adult) and up to 15% of all pediatric aneurysms.
The most common organism is Staphylococcus aureus, followed by Streptococcus viridans and other
gram-negative organisms. Infectious aneurysms can affect distal (small) arteries, or they can have a
proximal location close to the skull base and the cavernous sinus region. Consequently, two different
pathologic mechanisms have been proposed for aneurysms at the two sites. In distal small arteries,
an infectious process is suspected to progress from the lumen to the extravascular space as the infec-
tious agent (i.e., septic emboli) circulates during septicemia and adheres to the endothelium of small
arteries. A different mechanism is at work in larger arteries. Here, the infection typically extends
from the outside toward the vessel wall and may be caused either by continuous progression of the
infection from adjacent structures to the vessel wall (i.e., sphenoid sinus infection with osteomyelitis
and cavernous sinus thrombophlebitis extending to the carotid artery) or by involvement with infec-
tious emboli originating in the vasa vasorum. The primary effect of proximal aneurysms is therefore
on the adventitia, with infection of the media and intima occurring secondarily. Proximal aneurysms
are often bilateral and may increase in size on follow-up. In 20% of cases, infectious aneurysms are
multiple, especially in immune-deficient patients and in patients treated with inappropriate antibiot-
ics. Infectious arterial aneurysms typically present with stroke; however, they can also present with
intraparenchymal or distal subarachnoid hemorrhage. After involvement with septic emboli, hemor-
rhage may occur, often within 48 hours.

Noninvasive Imaging Workup
PHYSICAL EXAMINATION

e Endocarditis, septicemia, and sphenoparietal sinus infection with osteomyelitis are the underlying
diseases in infectious aneurysms.

e Blood and cerebrospinal fluid cultures will show the suspected causative agent in two-thirds of
patients, but no infectious agent can be identified in the other third.

CT|CTA

e (T and CTA can demonstrate the sequelae of intraparenchymal or subarachnoidal blood, asso-
ciated cortical areas of ischemia, potential involvement of the sinuses, osteomyelitis, and either
distal or proximal aneurysms, which are often fusiform in appearance.

MRI/MRA

e MRI is more sensitive for small areas of cortical ischemia; contrast enhancement may speak in
favor of cortical septic emboli. Blooming artifacts on susceptibility or T2*-weighted sequences
may surround the aneurysms, and vessel wall imaging may demonstrate intense enhancement.
In rare cases, edema may be seen surrounding the aneurysms.
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Invasive Imaging Workup

e A full angiographic evaluation is necessary to evaluate the extent of involvement in the affected
vasculature.

e From an angiographic point of view, infectious arterial aneurysms are often small aneurysms
that extend into the hematoma; they may have a fusiform appearance with no neck because they
involve the full thickness of the vessel wall, or they may present as false aneurysms, with the
“neck” in fact the remnant of the ruptured vessel and the “aneurysm” the hematoma cavity.

e Serial angiography may be necessary to rule out aneurysm growth.

Treatment Options
CONSERVATIVE OR MEDICAL MANAGEMENT

e Appropriate and aggressive antibiotic treatment is the first treatment of choice following identi-
fication of the causative agent by blood culture.

SURGICAL TREATMENT

e Surgery is indicated in patients with life-threatening intraparenchymal hemorrhages.

e The surgical exclusion of aneurysms when antibiotic treatment fails may be contemplated if the
aneurysms are in very distal and superficial locations that would be difficult to reach via endo-
vascular approaches.

ENDOVASCULAR TREATMENT

e Endovascular options are the least invasive way to exclude infectious aneurysms.
e Because antibiotic treatment is the first choice, patients must be carefully selected, as explained
below.

Possible Complications

e Recurrent bleeding from other (untreated) aneurysms
e Ischemic complications due to parent vessel occlusion
e Appearance of “de novo” aneurysms following insufficient antibiotic treatment

Published Literature on Treatment Options

The first line of treatment is appropriate antibiotic treatment following identification of the causative
infectious agent. However, endovascular treatment has to be considered for patients (1) responding
poorly or not at all to medical treatment, (2) presenting with hemorrhage and aneurysms despite a
systemic response to their antibiotic treatment, (3) with aneurysms demonstrating repeated rupture,
and (4) with growth of an aneurysm on follow-up despite treatment. Surgery should be reserved
for the decompression of associated space-occupying intracranial hemorrhage and for the treatment
of aneurysms when parent artery occlusion with a liquid embolic material will predictably lead to
infarctions and significant neurologic deficits. Concerning endovascular treatment, the pathologic
mechanism described above dictates the treatment of choice (i.e., parent vessel occlusion). Given
the distal location of the aneurysms and the small size of the (fragile) vessels, we do not advocate
occlusion with coils but rather occlusion with a liquid embolic agent. Migration of the glue should
be avoided so that leptomeningeal collaterals can take over the distal vasculature.
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PEARLS AND PITFALLS

e Stroke due to septicemia is encountered more often than hemorrhage and hemorrhagic transfor-
mation of the ischemic infarct because septic emboli are the most frequent mechanism leading
to intracerebral hemorrhage. Mycotic aneurysms are less commonly the source of hemorrhage in
septicemia.

e Infectious aneurysms in general are rare; however, they comprise up to 15% of all aneurysms
encountered in pediatrics.

e Endovascular therapies are indicated for aneurysms that are symptomatic or growing despite
sufficient medical treatment and for aneurysms presenting with repeated rupture.
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CASE 15

PART Il Brain Arteriovenous Malformations

Case Description

Clinical Presentation

A 42-year-old woman presents with multiple episodes of generalized
tonic-clonic seizures that started recently. Despite medication, she expe-
riences up to two seizures per week. Given the adult onset of her seizures,
enhanced CT is performed, followed by MRI and angiography.

Fig. 15.1 (A) Contrast-enhanced axial CT demonstrates
a dilated vessel in the left parietal region. (B) Axial T1-
weighted contrast-enhanced and (C) T2-weighted MR
images confirm the presence of an abnormal vascular struc

Radiologic Studies
CT AND MRI

ture at the left parietal region, seen as flow voids without
evidence of a classic caput medusae. Dynamic CTA in (D)
early arterial, (E) late arterial, and (F) venous phases show
early filling of a cortical vein, indicating an AV shunt.

Outside contrast-enhanced CT of the brain demonstrated a dilated vessel in the left parietal region
that was also shown by MRI. Because no classic caput medusae was present to suggest a possible
developmental venous anomaly, a micro-arteriovenous malformation (AVM) was suspected. CTA
demonstrated filling of a cortical vein during the arterial phase, indicating an AV shunt (Fig. 15.1).
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DSA

Following a complete six-vessel angiographic evaluation, a single AVM was identified in the left pari-
etal region fed solely by the anterior parietal branch of the middle cerebral artery (MCA) and draining
into two superficial cortical veins (central and parietal veins) with a long pial course along the surface
of the brain. There was evidence of venous ectasia in the central vein proximal to a focal stenosis as
the vein reached the superior sagittal sinus. The nidus of the AVM was small (Fig. 15.2).

Diagnosis

Small pial AVM with venous ectasia and stenosis

Treatment
EQUIPMENT

e Standard 5F access (puncture needle, 5F vascular sheath)

e A standard 5F multipurpose catheter (Envoy; Cordis, Warren, NJ) with continuous flush and a
0.035-in hydrophilic guidewire (Terumo, Somerset, NJ)

e A 0.012-in flow-directed microcatheter (Magic; Balt International, Montmorency, France) with a
0.008-in guidewire (Mirage; ev3, Plymouth, MN)

e A 10% glucose solution

e Histoacryl/Lipiodol (1 mL/1 mL)

e Contrast material

e Steroids

DESCRIPTION

Following the diagnostic angiography, a 5F multipurpose catheter was placed in the distal infrape-
trous internal carotid artery (ICA) and continuously flushed. A flow-directed microcatheter with a
steam-shaped 90-degree curve was introduced into the MCA and advanced into the anterior parietal

Fig. 15.2 DSA. Left ICA angiogram in (A) AP and (B) lateral views in arterial phase reveals a small
AVM in the left parietal region, supplied by the anterior parietal branch of the left MCA, draining
into two superficial cortical veins. A long pial course of the draining veins with a focal stenosis
before entry into the superior sagittal sinus is noted.
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branch of the MCA. Given the distal tortuosity, a guidewire was introduced into the microcatheter
and advanced without exiting the microcatheter to make it easier to push the system and position the
microcatheter far distally, just proximal to the nidus as verified by a subsequent microcatheter injec-
tion. After the microcatheter had been flushed with the glucose solution, a mixture of 1 mL of glue
with 1 mL of Lipiodol was injected that allowed complete occlusion of the nidus without significant
venous penetration. The microcatheter was removed, and post-embolization angiogram demonstrated
complete occlusion of the AVM without evidence of a missing arterial branch or compromise of the
venous flow (Fig. 15.3). Immediately after the procedure, 4 mg of dexamethasone was administered.

Discussion

Background

Although there is little discussion about the necessity of treating pial AVMs that have bled because
of the significant risk for rebleeding, pial AVMs that have not bled must be further analyzed to select
those patients in whom therapy is indicated (i.e., in whom the therapeutic risk is lower than the
natural history risk). In our practice, we first classify unruptured AVMs according to their pathologic
mechanism and angioarchitecture because hemorrhage is not the only way an AVM may become
symptomatic. Second, we try to determine the natural history risk by a careful angioarchitectonic
evaluation of the AVM in relation to risk factors for future hemorrhage. Epilepsy is one of the more
common presenting symptoms of AVMs, and it may be related to (1) venous congestion (due to a
long pial course of a superficial draining vein, as in this case), (2) mass effect of a venous pouch, or
(3) perinidal gliosis. Venous outflow obstructions (especially if already associated with venous ectasia,
as in this case) are regarded in our practice as a possible risk factor for future hemorrhage related
to an increase in intranidal pressure.

Noninvasive Imaging Workup
PHYSICAL EXAMINATION
e AVMs may be clinically silent; however, a thorough neurologic evaluation has to be performed to

detect subtle neurologic deficits that may add to the understanding of the pathologic mechanism
of the AVM.

Fig. 15.3 (A) Superselective microcatheter injection and (B) plain radiography in lateral view demonstrate deposition
of the glue cast within the AVM nidus. (C) Left ICA angiogram in lateral view after embolization shows complete occlu-
sion of the AVM.
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CT/CTA

AVMs that do not present with hemorrhage may be detected incidentally during a workup for
seizures, headaches, or neurologic deficits. CT and CTA can demonstrate an abnormal tangle of
vessels in the parenchyma. Attention should be paid to calcifications, which may suggest long-
standing venous congestion.

MRI/MRA

On MRI, T2-weighted images will show intra-axial and subarachnoidal rounded flow voids within
the brain parenchyma. On T1-weighted images, the signal within the AVM is unpredictable because
of flow turbulence, blood degradation products, and the flow rate in the veins. Attention should
be paid to perifocal edema, gliosis, or hemosiderin staining because these imaging findings may
shed light on the individual pathologic mechanism. Although “static” MRA techniques may well
detect the lesion, they do not demonstrate the angioarchitecture, and information about flow-
related or intranidal aneurysms or the feeding type of the arteries is unlikely to be obtained by
MRI because of restrictions in the spatial resolution. Dynamic MRA techniques will be able to
demonstrate early venous opacification.

In some instances, functional imaging techniques may be helpful to determine the eloquence of
the perinidal brain tissue and to further evaluate potential pathologic mechanisms, such as arte-
rial steal and venous congestion.

Invasive Imaging Workup

In patients with suspected brain AVMs, we classically perform six-vessel angiography to determine
all potential feeders to the brain AVM and to determine whether multiple brain AVMs are present.
For incidentally discovered AVMs, the report should include details about the feeding arteries,
such as the presence of flow-related aneurysms and the number and type of feeding arteries (en
passage versus direct). Details to be reported about the AVM nidus include the number of com-
partments, the presence of intranidal aneurysms, and plexiform versus fistulous type of nidus.
Finally, concerning the veins, the number of draining veins per compartment, any venous ectasia
or pouches, and any venous stenoses need to be evaluated. In addition, the normal brain paren-
chyma must be analyzed for venous congestion or arterial steal.

Differential Diagnosis

In small unruptured AVMs, the major entities in the differential diagnosis are developmental
venous anomalies and capillary telangiectasia. However, these do not classically demonstrate
early venous filling (i.e., a shunt).

In rare cases, dural AV shunts with cortical venous reflux may mimic micro-AVMs.

If multiple AVMs are present, hereditary hemorrhagic telangiectasia (HHT) should be strongly
considered and appropriate investigations be performed. Metameric syndromes (cerebrofacial
arteriovenous metameric syndromes, or CAMS) must also be considered.

Treatment Options
CONSERVATIVE OR MEDICAL MANAGEMENT

Conservative or medical management should be considered if the treatment risks are estimated
to be higher than those of the natural history of the lesion, particularly in elderly patients with
minimal symptoms.



Il BRAIN ARTERIOVENOUS MALFORMATION 93

RADIOSURGERY

¢ In young patients with asymptomatic lesions and a large lifelong risk for AVM-related symptoms,
radiosurgery should be contemplated, especially if no angioarchitectonic risk factors can be identi-
fied. Radiosurgery can result in a high cure rate with a rather low complication rate in well-selected
cases when it is performed by a treatment team familiar with this modality for the management
of AVMs. However, the long time until a cure is achieved (up to 4 years) may make one decide
against this treatment if the risk for hemorrhage or neurologic deficits is considered high.

SURGICAL TREATMENT

e In patients who have superficial small lesions with multiple feeders or en passage supply, surgery
may be more suitable than endovascular therapies.

ENDOVASCULAR TREATMENT

e In our practice, endovascular therapy is the method of choice for small AVMs when complete
endovascular obliteration seems feasible (i.e., no en passage vessels, small number of feeding
arteries and AVM compartments) and when a defined pathologic mechanism that is related to
the clinical symptoms can be identified.

e We employ only liquid embolic agents to occlude the most distal arterial segment, the nidus, and
the most proximal venous segment of the shunt.

e Periprocedural heparin is recommended if the procedure is anticipated to take longer than 30
minutes.

e In our practice, steroids are given following Histoacryl embolization to compensate for the exo-
thermic effect of the glue.

Possible Complications

e Standard angiographic complications may occur (at the puncture site: bleeding, false aneurysms,
fistulae; in catheterized vessels: emboli, dissections; systemically: contrast reaction, renal failure).

e Migration of the embolic agent into the draining vein with potential occlusion (especially in ste-
nosed venous segments) of the draining vein may result in hemorrhage or venous ischemia.

e Proximal occlusion of the arterial feeders may result in delayed recanalization of the nidus.

e Arterial ischemia may develop as the consequence of reflux of the embolic agent into arteries
supplying the brain.

Published Literature on Treatment Options

The treatment of incidentally discovered pial AVMs of the brain is controversial. Little is yet known
about their natural history, their pathologic mechanisms, and the efficacy and risks of some of the
proposed treatments (e.g., Onyx). The annual hemorrhagic risk for unruptured brain AVMs varies
between 1 and 5%. It is well-known that only complete exclusion of an AVM can eliminate the risk
for hemorrhage, and that the rates of curative endovascular embolization of AVMs with an acceptable
periprocedural risk are ~20 to 50%. However, these values do not take into account the individual
patient for whom the treatment plan has to be tailored. In the present example, a defined pathologic
mechanism could be linked to the patient’s symptoms and explained by the angioarchitecture, which
could be easily treated with a high probability of complete cure, given the type of feeding artery
(terminal feeder), the size of the nidus, and its accessibility. Therefore, treatment strategies, includ-
ing conservative management as well as all three treatment options and combinations thereof, are
discussed in our practice within a multidisciplinary team and tailored to the individual patient.
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PEARLS AND PITFALLS

As with dural AV shunts, a proximal vessel occlusion is not sufficient to achieve a permanent cure
despite initial angiographic occlusion because the AVM may recruit leptomeningeal collaterals.
A long pial course seems to be associated with a higher risk for and incidence of epilepsy, espe-
cially if associated venous stenoses are present and causing venous congestion along the pial
surface.

In AVMs with venous outflow stenoses, venous penetration must be avoided because it may lead
to complete occlusion of the already stenosed venous segment; therefore, the authors use a more
concentrated glue mixture under these circumstances.

Surgical therapies are readily available for superficial sulcus AVMs and should be considered if en
passage feeding vessels are present, distal catheterization is impossible, or the safety margin (i.e.,
the distance from the catheter tip to the closest, upstream brain-supplying artery) is too small

Further Reading

Krings T, Geibprasert S, Terbrugge K. Interventional therapy of brain and spinal arteriovenous malfor-
mations. In: Mast et al, eds. Stroke. Philadelphia, PA: Lippincott Williams & Wilkins. In press.

Ledezma C], Hoh BL, Carter BS, Pryor JC, Putman CM, Ogilvy CS. Complications of cerebral arte-
riovenous malformation embolization: multivariate analysis of predictive factors. Neurosurgery
2006;58(4):602-611, discussion 602-611

Willinsky RA, Goyal M, terBrugge K, Montanera W, Wallace MC, Tymiansky M. Embolization of small
(< 3cm) brain arteriovenous malformations. Correlation of angiographic results to a proposed angio-
architecture grading system. Interv Neuroradiol 2001;7:19-27



CASE 16

Case Description

Clinical Presentation

A 21-year-old student presents with increasing memory problems, a
decreased attention span, and progressive left hemiparesis and clumsi-
ness of his left hand. On physical examination, he has difficulty perform-
ing voluntary motor acts with his left arm and leg, and a hemiapraxia is
observed, although the muscle tone is maintained. The function of his left
side is not affected in serial automatic motor activities (dressing and walk-
ing). A supplementary motor syndrome is therefore diagnosed. In addition,
his short-term memory is reduced. MRI and CT perfusion are performed.

Fig. 16.1 (A) T2-weighted MRI demonstrates an abnormal tangle of flow-void structures at the right para-
sagittal region, corresponding to an AVM. (B) Perfusion CTA in a parasagittal view shows a decreased MTT
(blue) within the AVM caused by rapid shunting and a markedly increased MTT (yellow and orange) within
the SMA and anterior cingulate gyrus region.

Radiologic Studies
MRI AND CT PERFUSION

MRI demonstrated a right parasagittal central arteriovenous malformation (AVM) with leptomenin-
geal recruitment of middle cerebral artery (MCA) branches. No evidence of recent or remote hemor-
rhages was found, and no perilesional gliosis was visualized. CT perfusion demonstrated a decreased
mean transit time (MTT) within the brain AVM due to a rapid shunt. Most interestingly, a marked
increase in the MTT within the supplementary motor area (SMA) and anterior cingulate gyrus region
was noted, indicating a prolonged AV transit time due to delayed outflow that resulted in venous
congestion remote from the AVM (Fig. 16.1).

95
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DSA

Injection in the right internal carotid artery (ICA) demonstrated an AVM that was fed by the perical-
losal and callosomarginal arteries. In addition, significant leptomeningeal indirect collaterals were
visualized that reconstituted the distal anterior cerebral artery (ACA) territory as well as the AVM,
indicating a significant “sump” effect of the AVM (which suggests a high-flow shunt within the AVM
nidus). Delayed venous return was visualized in the anterior midline brain parenchyma, indicating
venous congestion of the SMA and anterior cingulate gyrus (Fig. 16.2).

Diagnosis

Large pial AVM with high-flow shunt and venous congestion associated with progressive neurologic
deficits

Treatment
EQUIPMENT

e Standard 5F access (puncture needle, 5F vascular sheath)

e Standard 5F multipurpose catheter (Guider Soft Tip; Boston Scientific, Natick, MA) with continu-
ous flush and a 0.035-in hydrophilic guidewire (Terumo, Somerset, NJ)

e A 0.012-in flow-directed microcatheter (Magic; Balt International, Montmorency, France)

e A 10% glucose solution

e Histoacryl/Lipiodol/tantalum powder (2 mL/0.2 mL/one-half vial)

e Contrast material

e Steroids

Fig. 16.2 DSA. Left ICA angiogram in (A) AP and (B) lateral views reveals an AVM supplied mainly
by the pericallosal and callosomarginal arteries of the ACA, with significant indirect leptomeningeal
collaterals from the MCA branches.
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DESCRIPTION

Following diagnostic angiography, a 5F multipurpose catheter was placed in the distal infrapetrous
ICA and continuously flushed. A flow-directed microcatheter with a steam-shaped 90-degree curve
was introduced into the ACA and advanced into the proximal A2 segment, where microcatheter injec-
tions revealed the anticipated fistulous component of the AVM. Because of the high flow in the lesion,
no guidewire was required. The microcatheter was placed ~5 mm proximal to the fistula, as verified
by a subsequent microcatheter injection with the tip of the catheter pointing against the wall of the
artery. After the microcatheter had been flushed with the glucose solution, a mixture of 2 mL of glue
with 0.2 mL of Lipiodol and half of a vial of tantalum powder was injected that allowed complete
occlusion of the fistulous component of the AVM nidus. Following microcatheter removal, control runs
demonstrated significantly altered hemodynamics, with reduced flow through the AVM. Immediately
after the procedure, 4 mg of dexamethasone was administered. Follow-up CT perfusion demonstrated
improvement in the perfusion of the SMA and anterior cingulate gyrus (Fig. 16.3). The patient’s neu-
rologic deficits decreased significantly, and he was scheduled for subsequent radiosurgery.

Fig. 16.3 (A) Superselective microcatheter injection embolization shows significantly decreased flow through
reveals a fistula within the AVM nidus. (B) Plain radiog- the AVM. There is better perfusion of the SMA and anterior
raphy demonstrates the location of the glue cast, and cingulate gyrus region on the follow-up CT perfusion (E).
left ICA angiogram in (C) AP and (D) lateral views after
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Discussion

Background

Venous congestion may be related to decreased outflow (in the case of venous stenoses) or increased
inflow (in the case of fistulous AVMs) and can be associated with progressive neurologic symptoms.
Even if treatment is not complete following the first embolization session, endovascular treatment
may play a role in reducing the shunt to relieve clinical symptoms before definitive treatment of
the AVM. The strategy of defining a target (i.e., a pathologic mechanism that is related to a clinical
symptom as verified by imaging of the angioarchitecture) before treatment has been termed partial
targeted embolization. The role of endovascular treatment is therefore to “secure” the AVM, stabilize
or ameliorate the symptoms, or reduce the size of the AVM so that additional therapies that may
take longer to be effective are made safer. In the present case, the perfusion data, the recruitment of
leptomeningeal collaterals from a different vascular territory (MCA) to reconstitute the distal ACA ter-
ritory, and the progressive neurologic symptoms strongly suggested a fistulous compartment within
the AVM, which could then be regarded as the target of embolization.

Noninvasive Imaging Workup
See also Case 15.
PERFUSION IMAGING

e Perfusion imaging can be done with CT or MRI and may add to the understanding of the patho-
logic mechanisms of brain AVMs. Following the intravenous bolus application of a contrast agent,
the time to peak (TTP), mean transit time (MTT), cerebral blood volume (CBV), and cerebral
blood flow (CBF) can be determined. TTP indicates the arterial blood flow velocity (decreased in
shunts, increased in slow arterial flow), and the MTT represents the AV transit time (decreased
in shunts, increased in edema or venous congestion). The CBV is an indirect parameter of the
venous outflow (increased CBV indicates venous outflow obstruction). A combination of these
parameters may add to our understanding of the remote effects of a brain AVM. In patients
with neurologic symptoms, arterial steal and venous congestion have been proposed as potential
pathologic mechanisms to explain neurologic deficits. In venous congestion, an increased MTT
and a normal or even decreased TTP are seen (as in the present case), whereas in arterial steal, a
decreased MTT and TTP will be seen (and therefore, a decreased time during which oxygen can
be extracted by tissue and subsequent chronic ischemia). Functional imaging can detect subtle
changes before structural imaging, and the results can be correlated with the imaging findings
during angiography.

Invasive Imaging Workup

e In patients with suspected fistulous components, neo-angiogenesis surrounding the AVM (due to
perinidal arterial steal and chronic ischemia with new vessel formation) but also leptomeningeal
collaterals (due to the “sump” effect of the shunting lesion) can be seen. It is important to dif-
ferentiate these two vessel types from true AVM feeding arteries because they represent a nor-
mal vasculature that is (secondarily) abnormally triggered by ischemia or high-flow angiopathy.
Following treatment of the proper target (i.e., the fistulous component), these secondarily enlarged
or recruited vessels remodel and decrease in size if endovascular treatment has been able to reach
the proximal venous site and has not been associated with simply an arterial ligation.

e Long-standing venous congestion leads to a pseudophlebitic aspect of the veins (increased tortu-
osity) and venous stagnation.
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¢ Neo-angiogenesis can be differentiated from brain AVM feeding vessels only by their nonshunting
nature.

e Leptomeningeal collaterals can be identified if the vascular territories are enlarged as a conse-
quence of the sump effect (high-flow angiopathy) and if the distal territories are reconstituted
by a network of leptomeningeal superficial vessels.

Treatment Options
See also Case 15.
CONSERVATIVE OR MEDICAL MANAGEMENT

e Although prospective randomized trials are lacking, it is our opinion that conservative manage-
ment in young patients with neurologic symptoms that can be attributed to a high-flow AVM is
not a good option, especially if the risks of treatment are low.

RADIOSURGERY

e Intranidal high-flow or fistulous compartments of AVMs are thought to be less likely to become
obliterated following radiosurgery. In addition, because of the longer time needed for obliteration
following radiosurgery, a treatment modality with more rapid effects may be necessary.

SURGICAL TREATMENT

e In general, surgical resectability and the clinical outcome depend on the size of an AVM, the
drainage pattern, and the eloquence of the brain region that harbors the AVM. Although the flow
rate therefore does not seem to play a role in surgical resectability, in everyday practice, most
neurosurgeons will appreciate a flow reduction achieved by endovascular means.

ENDOVASCULAR TREATMENT

e In our practice, endovascular therapies are the method of choice for AVMs that harbor fistulous
components, in particular when they are perceived to be responsible for the clinical symptoms.

e In most instances, a liquid embolic agent that polymerizes quickly is used (in the present case,
2 mL of N-butyl-cyanoacrylate mixed with 0.2 mL of Lipiodol). To increase the visibility of the
embolic agent, tantalum powder is added.

e In our practice, steroids are given following Histoacryl embolization to compensate for the exo-
thermic effect of the glue.

Possible Complications

e Standard angiographic complications may develop at the puncture site (bleeding, false aneurysms, fis-
tulae), in catheterized vessels (emboli, dissections), and systemically (contrast reaction, renal failure).

e Migration of the embolic agent into the draining vein with potential occlusion may result in hem-
orrhage or venous ischemia, proximal occlusion with delayed reopening, and arterial ischemia
due to reflux of the embolic agent into arteries supplying the brain.

e Seizures following successful treatment may result from significant alterations in cerebral hemo-
dynamics.

e Delayed venous thrombosis may develop as a result of significant flow reduction.

Published Literature on Treatment Options

Management strategies will be influenced by local preferences and capabilities; however, results
presented in the literature suggest the following therapeutic strategies. Small, superficially located
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AVMs (nidus volume < 10 mL) are best operated on; however, a presurgical attempt to cure by embo-
lization may be warranted unless the angioarchitecture is unfavorable. In single feeder-single com-
partment AVMSs or AVMs with large fistulous components, embolization should be the first therapy
of choice. Deep-seated, small AVMs should be treated by radiosurgery unless they are suitable for
cure by embolization or have angioarchitectonic risk factors (fistulae, intranidal aneurysms, venous
stenoses). Large AVMs (nidus volume > 10 mL) may benefit from partial embolization followed by
radiosurgery or surgery, depending on the location and angioarchitecture. Finally, very large AVMs
(nidus volume > 20 mL) will present a high treatment risk with all modalities and are therefore best
managed conservatively. As in the present case, multimodality treatment with endovascular therapy
preceding either surgery or radiosurgery is in most centers the therapy of choice. Although the risks
of two treatment modalities are combined, there is consensus in the literature that in specific and
selected cases, the risks of two treatment modalities are smaller for an individual patient than the
risks of a single-modality treatment.

PEARLS AND PITFALLS

e The liquid embolic agent must penetrate from the arterial to the venous side to ensure stable
obliteration of the fistulous compartment.

e Following an embolization procedure, we generally wait for 6 weeks to 3 months before perform-
ing a second embolization procedure to allow the brain vasculature time to remodel.

e If flow changes are significant following embolization, headaches and seizures may develop tran-
siently. If new neurologic symptoms occur, follow-up imaging is necessary to rule out excessive
venous thrombosis, which may require anticoagulation and steroid therapies.
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CASE 17

Case Description

Clinical Presentation

A 28-year-old right-handed woman has had migraine headaches for 3
months, which have progressed in intensity over the last weeks. In addi-
tion, she experiences transient ischemic attack (TIA)-like symptoms
(motor aphasia) that are not related to the headaches and are not associ-
ated with a loss of consciousness. Outside imaging reveals a right pari-
eto-occipital arteriovenous malformation (AVM). Functional MRI and CT
perfusion are performed.

Fig. 17.1 (A,B) Functional MRI during
speech production. (C,D) Perfusion MRI
in axial cuts.

Radiologic Studies
MRI, MR PERFUSION, AND FUNCTIONAL MRI

MRI demonstrated a large right parieto-occipital AVM without evidence of remote hemorrhage or
perilesional gliosis. Functional MRI during speech production revealed bilateral representation of the
patient’s speech areas in the opercular portion of the inferior frontal gyrus (Broca’s area). Perfusion
MRI revealed a decreased mean transit time not only within the parieto-occipital AVM location, indi-
cating a shunt, but also remote from the AVM in the previously identified speech areas, suggesting
arterial steal as the most likely explanation of the patient’s recurrent TIA-like symptoms (Fig. 17.1).
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DSA

Injection in the right ICA demonstrated an AVM that was fed by the angular and the temporo-occipital
artery in a terminal fashion. A flow-related aneurysm was present at the bifurcation of the angular
artery proximal to the nidus proper. A single massively enlarged posterior parietal vein drained the AVM
without signs of distal venous stenosis. A dramatic reduction in flow in the remainder of the middle
cerebral artery (MCA) branches on angiography suggested significant arterial steal into the AVM. The
AVM nidus measured 19.4 mm? (Fig. 17.2).

Diagnosis

Large pial AVM with prenidal flow-related aneurysms and arterial steal

Treatment
EQUIPMENT

e Standard 5F access (puncture needle, 5F vascular sheath)

e Standard 5F multipurpose catheter (Guider Soft Tip; Boston Scientific, Natick, MA) with continu-
ous flush and a 0.035-in hydrophilic guidewire (Terumo, Somerset, NJ)

e A 3x0.012-in flow-directed microcatheter (Magic; Balt International, Montmorency, France) with
a 0.008-in guidewire (Mirage; ev3, Plymouth, MN)

e A 10% glucose solution

e Histoacryl/Lipiodol (1 mL/1.2 mL)

¢ Contrast material

e Steroids

Fig. 17.2 DSA. Right ICA injection in (A) AP and (B) lateral views, arterial phase. The arrows point toward the
flow-related prenidal aneurysm.
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DESCRIPTION

Following diagnostic angiography, a 5F multipurpose catheter was placed in the distal infrapetrous
internal carotid artery (ICA) and continuously flushed. A flow-directed microcatheter with a steam-
shaped 45-degree curve was introduced into the MCA and advanced into the proximal angular artery.
With the aid of a micro-guidewire that had a short, sharp curve, we passed the arterial segment
harboring the prenidal aneurysm. Three pedicles were treated with a mixture of 1 mL of glue and
1.2 mL of Lipiodol, which achieved a significant reduction in size and flow. Immediately after the
procedure, 4 mg of dexamethasone was administered. Follow-up angiography after 3 months, before
radiotherapy, demonstrated a significant reduction in the size of the AVM and complete regression
of the flow-related prenidal aneurysm (Fig. 17.3). The patient underwent radiosurgery, resulting
in obliteration of the AVM after 2 years. Following embolizaton, the patient no longer experienced
headaches and TIA-like symptoms.

Discussion

Background

The purpose of embolization before radiosurgery is either size reduction or targeted embolization
of symptomatic or angioarchitectonic weak points. In the present case, the purpose of embolization
was (1) size reduction and (2) reduction of the arterial steal; the prenidal flow-related aneurysm
was not considered a target. Intranidal aneurysms and pseudoaneurysms in the setting of an acutely
ruptured AVM are discussed in Case 18. Proximal flow-related aneurysms in unruptured AVMs by
themselves do not seem to alter the natural history of the AVM, and although they may be a marker
of generalized increased vessel fragility, they are not a priority target of treatment. Rupture of remote

A B

Fig. 17.3 DSA. Right ICA injection in (A) AP and (B) lateral views, arterial phase, at follow-up after 3 months. The
nidus size is markedly reduced, and there is complete regression of the flow-related aneurysm.
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flow-related aneurysms following embolization has not been observed in our experience, and flow-
related aneurysms typically regress, especially if the aneurysm is close to the nidus and more than
50% of the AVM is obliterated. For embolization before radiosurgery, the following points have to
be kept in mind: The size of the AVM determines the dose given and therefore the risk for adverse
effects of radiosurgery (i.e., the smaller the AVM, the higher the rate of complete obliteration without
side effects). On the other hand, large amounts of radiopaque liquid embolic agent make definition of
the residual target difficult and may even reduce the radiation dose delivered because of absorption
within the embolic agent. Therefore, a multidisciplinary approach before embolization is of great
importance. Irrespective of these considerations, an intranidal deposit of the liquid embolic agent
is mandatory to reduce the potential for delayed reopening, which has occurred in embolized and
irradiated AVMs.

Noninvasive Imaging Workup
MRI AND CT

e The size of previously untreated AVMs is in our experience best estimated with volumetric con-
trast-enhanced CT or multiplanar T2-weighted MRI. Still, it may be difficult to differentiate the
true nidus from the draining veins and feeding arteries.

¢ Following embolization, artifacts will be present on both MRI and CT that make it nearly impos-
sible to estimate the residual target volume.

e In most instances, the spatial resolution of high-quality MRA or CTA will allow the detection of
prenidal flow-related aneurysms.

FUNCTIONAL IMAGING

e The present case demonstrates that in rare cases, additional information about the “eloquence” of
cortical areas may be helpful. The blood oxygenation level-dependent (BOLD) effect can be used
to visualize brain regions that are active during the performance of a specified task. However, this
visualization is based on hemodynamic changes associated with neuronal activity, so the results
have to be regarded with caution in brain regions that are in close contact to the AVM because
it is likely that in these regions, the AVM has primarily altered the hemodynamic response. This
may lead to false-negative results of the functional MRI results. As indicated in Case 16, a decrease
in the mean transit time in a brain region distant from the AVM will decrease the time during
which oxygen can be extracted by tissue (i.e., arterial steal with TIA-like symptoms).

Invasive Imaging Workup

e Because flow-related aneurysms may increase slightly the risk associated with an emboliza-
tion procedure, a working projection that demonstrates the aneurysm and the parent artery is
recommended.

e Itis helpful to discuss with the radiosurgeon or neurosurgeon the target of embolization (i.e., the vol-
ume to be reduced or the compartment to be embolized based on the invasive imaging workup).

e At present, only invasive imaging with DSA can correctly estimate the size of a residual AVM fol-
lowing embolization because artifacts caused by the liquid embolic agent will prevent a correct
determination of the size on MRI or CT.

e A waiting period of at least 2 months between embolization and radiosurgery is recommended to
ensure stability of the embolization results achieved (i.e., before the next invasive imaging workup
is contemplated for planning radiosurgery).
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Treatment Options
CONSERVATIVE OR MEDICAL MANAGEMENT

e For very large AVMs, any treatment or combination of treatments is associated with a high risk,
and conservative management may very well be the best choice. However, in the present case of
a young patient with a large, symptomatic AVM, treatment was deemed feasible, with an accept-
able risk and a high likelihood of improving the natural history of the disease.

RADIOSURGERY

e The volume of healthy tissue irradiated around large lesions is rather significant, necessitating
a reduction of radiation doses to avoid complications. As a consequence, obliteration rates in
large and very large AVMs may be poor. To circumvent dose volume problems with large AVMs,
repeated treatments in addition to dose and volume fractionation schemes have been proposed;
however, these therapeutic schemes have lower obliteration rates and higher complication rates.
Therefore, a combined treatment with prior size reduction by embolization is recommended for
large AVMs.

SURGICAL TREATMENT

e In this particular case, surgery would have been a good therapeutic choice in view of the super-
ficial location, the absence of deep venous drainage, and the size. However, the potential bilateral
speech representation and the patient’s strong wish for a “less invasive” treatment prompted the
described approach.

ENDOVASCULAR TREATMENT

e Pre-radiosurgical size reduction is best achieved by means of endovascular embolization with
liquid material. A close interdisciplinary discussion with the radiosurgeon is recommended.

e The liquid embolic agent must enter the nidus to ensure stable results. Therefore, to ensure good
penetration in the present case, we opted for a mixture of 1 mL of N-butyl-cyanoacrylate and 1.2
mL of Lipiodol.

e In the present case, two factors slightly increased the risk of embolization therapy: the single
venous drainage despite at least three different arterial feeders and the flow-related aneurysm.

Possible Complications

¢ In single-draining veins, extreme caution must be taken that the glue does not migrate or occlude
the vein in partial embolization because this may lead to hemorrhage.

e Flow-related aneurysms may rupture during vigorous catheterization.

e In multimodality treatment, the risks of the different methods are combined.

e Reopening may be delayed if the glue does not penetrate the nidus.

Published Literature on Treatment Options

Concerning radiosurgery for very large AVMs, rather low peripheral doses (< 15 Gy) have been pro-
posed that do not obliterate the AVM but may diminish its size after treatment. Higher doses may
then be reapplied to any residual nidus after an appropriate follow-up period. In volume fraction-
ation, AVMs are divided into smaller segments, with target volumes of 5 to 15 mL treated on separate
occasions, thereby minimizing the amount of radiation delivered to surrounding brain tissue. Fewer
adverse radiologic effects have been reported with fractionated radiosurgery than with standard
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radiosurgery. However, the rate of obliteration is lower, and during the extended latency period
between treatment and occlusion, the patient is at risk for hemorrhage. Therefore, pre-radiosurgical
embolization for size reduction remains of interest (Fig. 17.4).

The goals of endovascular therapies for presurgical embolization are the following: elimination
of deep feeding arterial supply, occlusion of intranidal fistulous compartments, and general reduc-
tion of flow through the nidus. The latter can be established by “ligation” embolization (i.e., proximal
occlusion without the need to penetrate the nidus because the nidus proper will be removed sub-
sequently at surgery). If nidal penetration occurs, mobilization of the AVM at the time of resection
may be slightly more difficult, which is why we recommend a highly concentrated glue for ligation
embolization, to avoid delayed nidal polymerization. AVMs that are located in the phylogenetic and
vascular border zone between the leptomeningeal and lenticulostriate arteries will harbor both types
of arterial supply (i.e., superficial and deep). In these instances, embolization of the lenticulostriate
arterial supply will be helpful for further surgical therapies (Fig. 17.5).

PEARLS AND PITFALLS

e In AVMs with multiple feeders but a single draining vein, caution must be taken not to occlude
the draining vein with the liquid embolic agent. If this happens, either complete obliteration in
the same setting or surgical intervention with complete excision of the AVM may be necessary.

Fig. 17.4 DSA. Right ICA injection
in (A) AP and (B) lateral views (C)
before embolization and (D) after
embolization demonstrating dra-
matic size reduction after emboliza-
tion and before radiosurgery.
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Fig. 17.5 DSA. Left ICA injection in AP
view in (A) early and (B) late phases.
There is evidence of superficial and
deep supply. For presurgical emboliza-
tion, the deep supply (arrows) should
be targeted.

e Although in our experience flow-related aneurysms do not rupture spontaneously, they are
slightly more likely to rupture during therapy because flow-directed microcatheters tend to enter
the aneurysm. A good roadmap and navigation with a guidewire are employed in our practice to
prevent this complication.

e We do not treat flow-related aneurysms first, even if the aneurysm is larger or more proximally
located. The treatment of prenidal aneurysms is, however, considered if they do not regress within
6 months following significant flow reduction in the AVM.

e The target of embolization (number and location of AVM compartments to be occluded for suf-
ficient volume reduction or safe surgery) should be discussed before the procedure with the
radiosurgeon or neurosurgeon, who will manage the expected remainder of the AVM.

e Surgery must follow "ligation” embolization (i.e., proximal arterial embolization) within 3 weeks,
which is not sufficient for pre-radiosurgical embolization (because of delayed reconstitution of the
nidus via leptomeningeal collaterals). Pre-radiosurgical embolization is helpful only if the liquid
embolic material penetrates the nidus. The authors wait for at least 3 months between emboli-
zation and radiosurgery to ensure stable conditions of the AVM and to prevent the reopening of
(insufficiently) embolized compartments.

Further Reading

Andrade-Souza YM, Ramani M, Beachey D], et al. Liquid embolisation material reduces the deliv-
ered radiation dose: a physical experiment. Acta Neurochir (Wien) 2008;150(2):161-164, discussion
164

Andrade-Souza YM, Ramani M, Scora D, Tsao MN, terBrugge K, Schwartz ML. Embolization before radio-
surgery reduces the obliteration rate of arteriovenous malformations. Neurosurgery 2007;60(3):443-
451, discussion 451-452

Back AG, Vollmer D, Zeck O, Shkedy C, Shedden PM. Retrospective analysis of unstaged and staged
Gamma Knife surgery with and without preceding embolization for the treatment of arteriovenous
malformations. ] Neurosurg 2008;109(Suppl):57-64

Hartmann A, Mast H, Mohr JP, et al. Determinants of staged endovascular and surgical treatment
outcome of brain arteriovenous malformations. Stroke 2005;36(11):2431-2435
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CASE 18

Case Description

Clinical Presentation

A 78-year-old woman presents to the emergency department with the
acute onset of headaches, nausea, and ataxia. She is awake, although
slightly confused and not fully oriented to time and place. Emergency CT
is performed.

Fig. 18.1 (A) Unenhanced axial CT and CTA in (B) axial and (C) magnified images demonstrate subarachnoid and
intraparenchymal hemorrhage and the presumed cause (i.e., a false aneurysm within the AVM).

Radiologic Studies
CT AND CTA

Unenhanced CT demonstrated a subarachnoid and intraparenchymal hemorrhage centered in the
posterior fossa. The intraparenchymal component was located in the superior lobule of the right
cerebellar hemisphere. CTA performed in the acute setting to evaluate an underlying cause of the
hemorrhage demonstrated a tangle of enlarged abnormal vessels in close vicinity to the hemorrhage,
indicating an arteriovenous malformation (AVM) in the cerebellum. Evidence was found of a focal
aneurysmal dilatation that pointed directly into the hemorrhagic cavity and was in close spatial rela-
tion to the subarachnoid space (Fig. 18.1).
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DSA

Injection in the left dominant vertebral artery demonstrated a small plexiform AVM fed by the lateral
hemispheric branch of the right superior cerebellar artery and draining via the lateral perimesence-
phalic vein cranially and the petrosal vein laterally. Superselective injection confirmed the intranidal
aneurysmal outpouching in the dorsal and superior aspects of the AVM (Fig. 18.2).

Diagnosis

Ruptured cerebellar AVM with intranidal (pseudo)aneurysm

Treatment
EQUIPMENT

e Standard 5F access (puncture needle, 5F vascular sheath)

Fig. 18.2 DSA. Left vertebral angiogram, AP view in (A) early and (B) late arterial phases and
(C) lateral view, shows a small, diffuse AVM nidus, supplied by the lateral hemispheric branch of
the right superior cerebellar artery and draining via the lateral perimesencephalic and petrosal
veins. (D) Superselective injection into the superior cerebellar artery reveals a small intranidal
outpouching in the dorsal superior aspect of the AVM.
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e Standard 5F multipurpose catheter (Envoy; Cordis, Warren, NJ) with continuous flush and a 0.035-
in hydrophilic guidewire (Terumo, Somerset, NJ)

e A2 x0.012-in flow-directed microcatheter (Magic; Balt International, Montmorency, France) with
a 0.008-in guidewire (Mirage; ev3, Plymouth, MN)

e A 10% glucose solution

e Histoacryl/Lipiodol (1 mL/1.2 mL)

e Contrast material

e Steroids

DESCRIPTION

Following diagnostic angiography, a 5F multipurpose catheter was placed in the distal vertebral artery
and continuously flushed. A flow-directed microcatheter with a steam-shaped 45-degree curve was
introduced into the superior cerebellar artery and advanced into the lateral hemispheric branch with
the aid of a micro-guidewire. The intranidal aneurysm was identified as the point of rupture and
treated with a mixture of 1 mL of glue and 1.2 mL of Lipiodol, which achieved complete occlusion
of the aneurysm; however, because glue penetrated the petrosal vein, it was decided to occlude the
remainder of the AVM as well. Follow-up angiography demonstrated complete occlusion of the AVM
(Fig. 18.3), and 4 mg of dexamethasone was administered. Follow-up CTA demonstrated the glue cast
within the aneurysmal outpouching (not shown).

Fig. 18.3 (A) Superselective injection before the second Left vertebral angiograms in (C,D) AP and (E,F) lateral
embolization and (B) plain radiography demonstrate the views after embolization reveal complete obliteration of
final glue cast. A small amount of glue in the petrosal the small AVM.

vein prompted further embolization of the entire AVM.
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Discussion

Background

There are few indications for the acute treatment of ruptured brain AVMs. In our opinion, treatment
is indicated if angiography demonstrates an intranidal (pseudo)aneurysm or outpouching, an aneu-
rysm that has enlarged since previous examinations, or a venous pseudoaneurysm, especially in the
presence of venous outlet stenosis or venous stagnation. Although the natural history of pseudoan-
eurysms is not known, they represent in our opinion a significant feature of instability and warrant
active intervention. The risk for rebleeding is higher in patients with intranidal aneurysms; however,
early rebleeding is rare, and therefore an aggressive early endovascular intervention may compromise
recovery from the primary hemorrhagic insult. If, on the other hand, emergency surgical evacuation
of a blood clot or emergency shunting procedures have to be performed, interdisciplinary discussion
with the neurosurgeon is necessary to determine the associated risk for rebleeding in the setting
of decompressive interventions. Therefore, no general guidelines can be given with respect to the
timing of the intervention after the initial hemorrhagic event, and treatment decisions must take
into account the patient’s clinical state, extent of the hemorrhage, and individual angioarchitectonic
features of the AVM.

Noninvasive Imaging Workup
PHYSICAL EXAMINATION

¢ A neurologic evaluation is necessary to prompt the emergency evacuation of a space-occupying
hematoma or, in the presence of intraventricular blood, emergency extraventricular drainage.

CT|CTA, MR/MRA

e In the acute setting, CT is the method of choice to determine the location and amount of hemor-
rhage, potential mass effect, perilesional edema, and associated hydrocephalus.

e During the same scanning session, CTA should be performed to evaluate the cause of the hemor-
rhage. CTA can demonstrate dilated vessels or an intraparenchymal tangle of vessels, and it may
also demonstrate the cause of the rupture (i.e,, an intranidal aneurysm or venous stenosis). In
most instances, this information will be sufficient for emergency management.

e MR and MRA may have to be performed to rule out other causes of “atypical” intraparenchymal
hemorrhage (i.e., hemorrhage in a young patient, in a location distant from the basal ganglia or
cerebellum, or in a patient with no known risk factors for hypertensive hemorrhage).

Invasive Imaging Workup

e Six-vessel angiography is classically performed to determine all the feeders potentially associated
with a vascular malformation and the transdural supply. Careful analysis of the nidus (especially
if an intranidal aneurysm is present) and the venous outflow routes (venous stensosis, redirection
of venous flow) is required.

e Microcatheterization may be beneficial to evaluate the microanatomy of the vascular lesion and
determine whether small intranidal aneurysms are present.

e Although in the acute phase the size of an AVM may be underestimated because of mass effect,
an early angiographic evaluation is in our opinion of importance if a sudden deterioration in the
patient’s clinical status should necessitate emergency surgery.
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Differential Diagnosis

The differential diagnosis for intraparenchymal hemorrhage is vast and beyond the scope of this
book. However, because in most instances at least CTA is available, an abnormal tangle of ves-
sels should suggest the diagnosis of a vascular malformation. However, a developmental venous
anomaly with an associated cavernoma, a hemorrhagic presentation of moyamoya disease with
increased vessels within the basal cisterns, or a dural arteriovenous shunt with cortical venous
reflux and a hemorrhagic presentation may mimic a true AVM.

Treatment Options
CONSERVATIVE OR MEDICAL MANAGEMENT

Previous rupture of an AVM is a major risk factor for subsequent repeated hemorrhage. Therefore,
conservative treatment is not recommended in ruptured AVMs. However, the timing of interven-
tion in relation to the first hemorrhagic event is a matter of debate and will depend mainly on
the clinical status of the patient and the individual AVM morphology.

RADIOSURGERY

Because radiosurgery takes longer to be effective in preventing repeated hemorrhage, treatment
strategies that produce faster results are recommended over radiosurgery.

Radiosurgery plays a role, though, in combination with prior embolization, which can secure the
AVM in the acute phase and reduce risks for subsequent hemorrhage if angioarchitectonic weak
points can be identified and eliminated.

SURGICAL TREATMENT

Surgery is indicated for acutely ruptured AVMs when significant mass effect warrants early clot
removal during the same session.

For patients with superficial, previously bled lesions, surgery may be a better choice than embo-
lization if multiple small feeders, en passage feeders, or a large nidus is present; these will make
complete cure rates with embolization less likely.

In some instances, presurgical ligation embolization may be helpful.

ENDOVASCULAR TREATMENT

There are three major indications for embolization of a previously bled AVM: (1) in the acute
phase if the cause of the hemorrhage can be identified and is felt to be curable by embolization,
in which case a partial targeted embolization is performed; (2) in the subacute setting if it is
felt that the AVM can be cured completely by endovascular means alone (i.e., small AVM with
few feeders), in which case the aim is curative embolization; and (3) in the subacute setting to
secure the AVM before radiosurgery, in which case endovascular microcatheter exploration may
be necessary to evaluate whether morphologic weak points are present that should be targeted
before radiosurgery.

If noninvasive imaging techniques demonstrate pseudoaneurysms or intranidal aneurysms,
microcatheterization may be indicated in the acute setting to prevent early rebleeding. In these
instances, complete cure of the AVM is not the aim of treatment, and embolization should be
performed only if the target can be reached.

We choose a liquid embolic agent depending on the pathologic mechanism. If the patient has
an intranidal aneurysm, a mixture that does not polymerize immediately is chosen to penetrate
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the compartment harboring the false aneurysm (N-butyl-cyanoacrylate/Lipiodol 1 mL/1.5 mL),
whereas if the patient has a venous stenosis with outflow restriction, a mixture that polymerizes
faster is chosen (N-butyl-cyanoacrylate/Lipiodol 1 mL/1 mL).

e If no cause of the hemorrhage is found, the embolization of one compartment may change the
hemodynamics and increase flow into another (potentially ruptured) compartment and is there-
fore not recommended.

Possible Complications

e In the acute setting, early aggressive embolization may compromise recovery from the initial
hemorrhage. In addition, embolization may not be complete because compartments of the AVM
can be compressed by mass effect and reopening delayed.

¢ If no cause of the hemorrhage is found, simple embolization of part of the AVM may increase the
risk for repeated hemorrhage from the untreated part of the AVM that contained the source of
bleeding.

e Forceful microcatheter injections close to pseudoaneurysms may increase the risk for repeated
hemorrhage.

Published Literature on Treatment Options

The risk for future bleeding from a brain AVM has been the subject of many studies. In 1983, Graf et
al published their results concerning risks for future hemorrhage, which were calculated to be 37%
in 20 years for unruptured AVMs and 47% for ruptured AVMs. Crawford et al found similar 20-year
cumulative risks for hemorrhage (33% for unruptured and 51% for ruptured AVMs); however, they
added that older age was a major risk factor, with patients older than 60 years having a risk for rup-
ture of 90% in 9 years. In a prospective series published by Mast et al in 1997, the risk for hemorrhage
of previously ruptured brain AVMs was calculated to be 17% per year; in unruptured AVMs, the risk
for hemorrhage was 2% per year. Finally, in a recent study by our group, DaCosta et al described an
annual risk for repeated hemorrhage of 7.5% in AVMs that presented with hemorrhage, which was
approximately twofold the risk for nonruptured AVMs to hemorrhage.

Specific angioarchitectonic features of AVMs can be regarded as “weak points” and may predis-
pose to hemorrhage. These angioarchitectonic weak points are (1) intranidal aneurysms and venous
ectases, and (2) venous stenosis. The first authors to state that specific angioarchitectonic features
in brain AVMs make them more prone to future hemorrhage were Brown et al in 1988, who found
that the annual risk for future hemorrhage was 3% in brain AVMs without aneurysms and 7%/year
in brain AVMs with associated aneurysms. Meisel et al found that among 662 patients with brain
AVMs, 305 patients had associated aneurysms, and there was a significant increase in episodes of
rebleeding in brain AVMs that harbored intranidal aneurysms (p < 0.002). In the Toronto series of 759
brain AVMs published by Stefani et al, the presence of aneurysms was statistically significantly (p =
0.015) associated with future bleeding. It may be difficult to discern intranidal arterial aneurysms
from intranidal venous ectases, which is why these two angioarchitectonic features are grouped as
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one entity in most series. Venous stenoses, on the other hand, are a separate angiographic weak
point and lead to an imbalance of pressure in various compartments of the AVM, which may induce
subsequent rupture of the AVM.

Given the high risk for repeated hemorrhage and the defined angioarchitectonic risk factors, we
classically opt for either surgery to completely exclude the AVM (if this is unlikely to be achieved by
embolization) or embolization to eliminate the described risk factors and thereby secure the AVM
for subsequent radiosurgery.

PEARLS AND PITFALLS

e The size of an acutely ruptured AVM may be underestimated because of associated mass effect
with compression of the AVM compartments.

e In rare cases of small AVMs, the associated mass effect may “cure” the AVM through venous ste-
nosis and subsequent occlusion of the nidus.

e Choroidal AVMs with vessel outpouchings into the ventricles are in our experience more prone
to early rebleeding, especially if extraventricular drainage is performed.

e If no weak point is identified at global angiography in an acutely ruptured AVM, it may be neces-
sary to perform microcatheterization, in particular if CT demonstrates a potential pseudoaneu-
rysm. If no weak point is identified, even at microcatheterization, then it is safer not to embolize
at all to prevent hemodynamic redirection into a potentially more harmful AVM compartment.
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CASE 19

Case Description

Clinical Presentation

A 39-year-old woman presents with gradually progressive headaches that
began 4 months earlier and the new onset of seizures 3 months earlier.
CT was performed after her first seizure, followed by MRIL

Tra=Sag(-§

Fig. 19.1 (A) Unenhanced axial CT and (B) T2-weighted MRI show a dilated vessel within
the right frontal horn at the level of the foramen of Monro with unilateral right lateral
ventricular dilatation. Periventricular hypodensity suggestive of transependymal edema was
also observed.

Radiologic Studies
CT AND MRI

Outside nonenhanced CT of the brain demonstrated a dilated vessel in the right frontal horn close to
the foramen of Monro and right-sided ventricular dilatation with associated increased transependy-
mal resorption of cerebrospinal fluid (CSF). A pathologic tangle of vessels was demonstrated in the
right parasagittal region. MRI verified the diagnosis of right-sided parasagittal arteriovenous malfor-
mation (AVM) with drainage predominantly into the right thalamostriate vein. Massive enlargement
of the vein was causing unilateral blockage of the right foramen of Monro (Fig. 19.1).

DSA

Following injections into the right and left internal carotid arteries (ICAs), a frontocallosal and cin-
gulate diffuse nidus type of AVM was revealed, with superficial drainage toward the superior sagittal
sinus via midline veins and deep drainage into the right thalamostriate vein, which drained into the
internal cerebral veins (Fig. 19.2).
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Fig. 19.2 DSA. Left ICA angiogram in (A) AP and (B) lateral views reveals a diffuse nidus type of AVM
at the right frontocallosal and cingulate regions. Multiple arterial feeders from both the anterior cerebral
artery and middle cerebral artery are observed, with superficial drainage toward the superior sagittal
sinus and deep venous drainage into the right thalamostriate vein and further drainage into the internal
cerebral veins.

Diagnosis

Frontocallosal and cingulate AVM with venous ectasia causing hydrocephalus

Treatment
EQUIPMENT

Standard 5F Access (puncture needle, 5F vascular sheath)

Standard 5F multipurpose catheter (Guider Soft Tip; Boston Scientific, Natick, MA) with continu-
ous flush and a 0.035-in hydrophilic guidewire (Terumo, Somerset, NJ)

Three 0.012-in flow-directed microcatheters (Magic; Balt International, Montmorency, France)
with a 0.008-in guidewire (Mirage; ev3, Plymouth, MN)

A 10% glucose solution

Histoacryl/Lipiodol (1 mL/1 mL)

Contrast material

Steroids

DESCRIPTION

The 5F multipurpose catheter was placed in the distal infrapetrous ICA and continuously flushed. A
flow-directed microcatheter with a steam-shaped 45-degree curve was introduced into the perical-
losal artery and advanced to the portion of the AVM draining solely into the thalamostriate vein. The
microcatheter was positioned proximal to the nidus, as verified by microcatheter injections. After the
microcatheter had been flushed with the glucose solution, a mixture of 1 mL of glue with 1 mL of
Lipiodol was injected. This procedure was repeated three times in different deep compartments of the
AVM, which finally resulted in partial embolization of the inferior aspects of the AVM and reduced
deep venous drainage. Following the procedure, the patient was free of headaches. A follow-up CT
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after 4 weeks demonstrated the glue case in the inferior aspect of the AVM and a reduced size of the
draining vein as well as reduced ventricular volume (Fig. 19.3). Given its diffuse nature, the remainder
of the AVM was treated with radiosurgery.

Discussion

Background

The most common cause of hydrocephalus in a patient with a pial brain AVM is rupture with intra-
ventricular or subarachnoid hemorrhage and subsequent blockage of the arachnoid villi or cisterns
surrounding the brainstem. A less common cause in unruptured AVMs is overproduction of CSF, which
has been reported in choroidal AVMs. Distant venous outflow obstruction can lead to venous conges-
tion and hydrocephalus, especially in young children. Obstruction of the ventricles is an extremely
rare cause of hydrocephalus and may be caused by the AVM nidus itself or, more commonly, by its
draining veins. In the latter case, the obstruction can occur at the level of the foramen of Monro
or at the aqueduct. Therefore, only AVMs draining into the deep venous system cause ventricular
obstruction as a consequence of their close proximity to the CSF pathways. The veins responsible
for this obstruction may be the enlarged thalamostriate-internal cerebral vein complex or the vein
of Galen; therefore, supratentorial AVMs causing this symptom will demonstrate a dominant venous
outlet into the deep venous system, whereas infratentorial AVMs will be associated with a dilated
vein of Galen.

Noninvasive Imaging Workup
PHYSICAL EXAMINATION

e Headaches in patients with AVMs may be the presenting symptoms for a variety of reasons,
including, as in this case, hydrocephalus. However, a more common cause of headaches is mass
effect due to the AVM nidus or an associated dilated venous pouch. In addition, transdural sup-
ply can lead to headaches. Finally, occipital AVMs are more likely to present with headaches, and
posterior cerebral artery supply is supposed to be responsible for these symptoms.

Fig. 19.3 Unenhanced axial CT following embolization demonstrates (A) reduced ventricular
size and (B) the hyperdense glue cast within the AVM nidus.
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CT/MRI

e The classic findings for hydrocephalus are a discrepancy between the width of the ventricles and
the width of the sulci, dilatation of the ventricles, and increased transependymal CSF resorp-
tion with edema surrounding first the frontal and later also the temporal and occipital horns.
Cross-sectional imaging can identify the cause and location of obstructive hydrocephalus in most
instances.

Invasive Imaging Workup

e If hydrocephalus is due to venous dilatation, an invasive imaging workup must be performed to
identify the compartment that drains into the vein. Subsequent embolization must target this
structure to reduce the venous size and pressure on the brain structures.

Differential Diagnosis

e A dilated vein as the cause of obstructive hydrocephalus has been observed in rare cases of com-
plex and large developmental venous anomalies with a collecting vein located in a critical area,
as described above.

e The more common causes of hydrocephalus in brain AVMs must be considered first: previous
rupture, choroidal AVMs with CSF overproduction, and venous congestion.

Treatment Options
RADIOSURGERY

e Radiosurgery may be a treatment option because it will also reduce the shunting volume and
therefore the size of the draining veins; however, this may take longer than either surgery or
embolization and should therefore be used judiciously, depending on the severity of the symp-
toms and the severity of the imaging findings of hydrocephalus. Radiosurgery, however, may
play a role following embolization and flow reduction for treatment of the AVM rather than the
hydrocephalus.

SURGICAL TREATMENT

e Because most AVMs presenting with hydrocephalus are due to deep venous drainage, risks asso-
ciated with surgery are generally considered relatively high. Surgical options for the treatment of
hydrocephalus have to be considered and are discussed below.

ENDOVASCULAR TREATMENT

e Endovascular therapies are an elegant way to reduce flow through the AVM and secondarily the
size of the draining vein. The effects of embolization are fast, and patients may be saved from
additional craniotomy for CSF drainage.

e (Caution must be taken to embolize preferably the compartment that drains into the deep vein
rather than a compartment with superficial drainage so as not to increase flow through the wrong
compartment.

Possible Complications

e Migration of the embolic agent into the draining vein or “ballooning” of the draining vein with
large amounts of liquid glue must be avoided.
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Published Literature on Treatment Options

If patients with hydrocephalus related to a brain AVM are treated with ventriculoperitoneal or ven-
triculoatrial shunts, potentially harmful overdrainage may occur, increasing the transmural pressure
gradient of the AVM vessels and potentially causing slit ventricles or subdural effusions. Overdrainage
reduces ventricular size until slit ventricles provoke chronic subdural hematomas. On the other hand,
contact between the ventricular walls and the shunt may lead to shunt occlusion, which may explain
the high rate of complications associated with shunts reported in the literature in these patients.
Therefore, besides endovascular reduction of the AVM flow and therefore the size of the vein, the
surgical therapy of choice for dealing with obstructive hydrocephalus is endoscopic third ventricu-
lostomy for aqueductal compression, as long as no AVM vessels are located near the shunt trajectory.
For unilateral blockage of the foramen of Monro, endoscopic septum pellucidostomy can be proposed.
In the emergency setting of a patient with symptoms of acute hydrocephalus, the surgical options
are the fastest treatment and may therefore be required. However, in patients with mild-to-moderate
hydrocephalus and no neurologic deficits, the aim of treatment (irrespective of the modality chosen)
should be reduction of the arteriovenous flow and subsequent reduction of the size of the vein caus-
ing the obstruction rather than elimination of the “secondary” effect (i.e., the hydrocephalus).

PEARLS AND PITFALLS

e Hydrocephalus due to an unruptured AVM is rare and may be related to different pathologic
mechanisms, including increased CSF production, compression of the foramen of Monro or the
aqueduct, or venous congestion.

e Treatment by embolization can reduce the flow and therefore the size of the draining vein, which
can reduce the compressive effect of the draining vein.

Further Reading

Chimowitz MI, Little JR, Awad IA, Sila CA, Kosmorsky G, Furlan A]. Intracranial hypertension associated
with unruptured cerebral arteriovenous malformations. Ann Neurol 1990;27(5):474-479

Geibprasert S, Pereira V, Krings T, Jiarakongmun P, Lasjaunias P, Pongpech S. Hydrocephalus in unrup-
tured brain AVMs: pathomechanical considerations, therapeutic implications, and clinical course. ]
Neurosurg 2009;110(3):500-507

Willinsky R, Terbrugge K, Montanera W, Mikulis D, Wallace MC. Venous congestion: an MR find-
ing in dural arteriovenous malformations with cortical venous drainage. AJNR Am ] Neuroradiol
1994;15(8):1501-1507



CASE 20

Case Description

Clinical Presentation

A 36-year-old man presented 2 months earlier at an outside institution
with an acute onset of headaches followed by loss of consciousness. CT
demonstrated an intraventricular hemorrhage and, following contrast
enhancement, pathologically dilated vessels in the quadrigeminal cistern.
He is referred to our institution for further workup and potential endo-
vascular treatment.

Fig. 20.1 DSA. Left ICA angiogram in (A) AP and (B) lateral views demonstrates a fistulous AVM
supplied by the left posterolateral choroidal artery, seen through a dominant left posterior com-
municating artery, draining directly into ectatic lateral choroidal veins.

Radiologic Studies

DSA

Injection in the left internal carotid artery (ICA) demonstrated a dominant posterior communicating
artery feeding the posterior cerebral artery. A fistulous arteriovenous malformation (AVM) was shown
to be fed by the posterolateral choroidal artery on the left side, draining without an intervening nidus
directly into ectatic lateral choroidal veins, the basal vein of Rosenthal, and the internal cerebral vein
system (Fig. 20.1).

DIAGNOSIS

Small fistulous pial AVM with venous ectasia

Treatment
EQUIPMENT

e Standard 5F access (puncture needle, 5F vascular sheath)
e Standard 5F multipurpose catheter (Envoy; Cordis, Warren, NJ) with continuous flush and a 0.035-
in hydrophilic guidewire (Terumo, Somerset, NJ)
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e A 0.012-in flow-directed microcatheter (Magic; Balt International, Montmorency, France)
e A 10% glucose solution

e Histoacryl/Lipiodol/tantalum powder (1 mL/0.5 mL/one-fourth vial)

e Contrast material

e Steroids

DESCRIPTION

Following diagnostic angiography, a 5F multipurpose catheter was placed in the distal infrapetrous
ICA and continuously flushed. A flow-directed microcatheter with a small steam-shaped hook (120-
degree curve) was introduced via the posterior communicating artery into the lateral posterior cho-
roidal artery and advanced proximal to the fistula. A microcatheter injection revealed the anticipated
fistulous nature of the shunt. The microcatheter tip was placed facing against the wall of the artery
~5 mm proximal to the fistula. After the microcatheter had been flushed with glucose solution, a
mixture of 1 mL of glue with 0.5 mL of Lipiodol and one-fourth of a vial of tantalum powder was
injected, achieving complete occlusion of the fistulous AVM nidus. Following microcatheter removal,
control runs (from both the ICA and the vertebral artery) demonstrated complete occlusion of the
arteriovenous shunt (Fig. 20.2).

Discussion

Background

Depending on the angioarchitecture of the AVM, fistulous and “plexiform” (or glomus-type) nidi can
be distinguished. In the latter, a network of pathologic vessels is present between the feeding artery
and draining vein, whereas in the former, there is a direct transition of the shunts from artery to vein.
Depending on the shunt flow, micro- and macrofistulae can be further differentiated. In general, flow
in these shunts is faster than in the plexiform nidus type of AVMs, and therefore venous ectases are
more often present. Fistulous compartments can coexist with plexiform compartments in the same
AVM. It is not known whether fistulous or plexiform AVMs more often cause hemorrhage; however,
the fistulous type frequently presents in younger persons, especially in that apart from the hemor-
rhagic presentation, the high-flow nature of the AVM and associated venous pouches may lead to
symptoms related to mass effect or venous congestion.

Fig. 20.2 (A) Superselective microcatheter injection and (B) glue cast show the fistulous communication. (C) Left ICA
angiogram in lateral view after embolization shows complete occlusion of the fistulous AVM.
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Noninvasive Imaging Workup
See also Case 21.
CT/MRI

e Purely fistulous AVMs can sometimes be identified based on noninvasive imaging alone; patho-
logic vessels are present in the subarachnoid space, but no tangle of vessels is seen in the brain
parenchyma. At the same time, there is dilatation of both feeding pial arteries (which differen-
tiates these shunts from dural arteriovenous fistulae with cortical venous reflux) and draining
veins. Often, venous pouches can be detected.

INVASIVE IMAGING WORKUP

e All arteries supplying the brain must be investigated in patients with fistulous arteriovenous
shunts because they are one potential phenotype of hereditary hemorrhagic telangiectasia (see
Case 57), a disease that can be associated with a multiplicity of arteriovenous shunting lesions
in the brain.

e The sequelae of high-flow shunting lesions in adjacent brain and vessels, including neo-angiogenesis
surrounding the AVM and leptomeningeal collaterals, have to be differentiated from the fistula
proper.

e Of the utmost importance in treatment planning is identification of the transition of the artery
into the vein because during endovascular therapy, the goal will be to occlude the most distal part
of the artery together with the most proximal part of the vein. Typically, the transition is marked
by a sudden change in caliber or an atypical change in the direction of flow (from centrifugal flow
to centripetal flow). In some cases, the transition is marked by a venous pouch; however, these
can also be present downstream from the true fistulous transition.

Treatment Options
See also Case 21.
CONSERVATIVE OR MEDICAL MANAGEMENT AND RADIOSURGERY

e As discussed in previous cases, patients harboring an AVM and presenting with hemorrhage are
at high risk for repeated hemorrhage, which is why we do not recommend conservative treat-
ment. Likewise, the longer time needed for obliteration following radiosurgery may not favor
this treatment modality, especially because there is doubt concerning the obliteration rate of
fistulous AVMs compared with “plexiform” nidi following radiosurgery. If, as in the present case,
angioarchitectonic weak points, such as venous ectases, are also present and the fistula is easily
accessible, other treatment options should be preferred.

SURGICAL TREATMENT

e Surgical occlusion of the fistulous point is a safe and definitive treatment option; however,
depending on the location of the fistula, it is more invasive than endovascular techniques.

ENDOVASCULAR TREATMENT

e The goal of treatment with the endovascular approach is occlusion of the most distal part of the
artery and the most proximal part of the vein with a liquid embolic agent that optimally should
not fragment but rather deploy in a “mushroom-shaped” pattern in the venous site.

e Given the higher flow rate in fistulous lesions, a glue with a higher concentration is used in our
practice.
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e If the glue does not penetrate the vein, the fistula may still be cured as a consequence of subse-
quent venous thrombosis, and we recommend follow-up imaging with DSA in 3 months.

Possible Complications

e Possible complications include migration of the embolic agent into the draining vein with poten-
tial occlusion and hemorrhage or venous ischemia, proximal occlusion with delayed reopening,
and arterial ischemia due to reflux of the embolic agent into arteries supplying normal brain.

e Seizures following successful treatment are due to significant alterations in cerebral hemodynamics.

e Delayed venous thrombosis and mass effect of the venous pouches are due to significant flow
reduction.

Published Literature on Treatment Options

In the present literature, there is no differentiation between AVM subtypes with respect to their
natural history, treatment-related complications, and the superiority of one treatment modality over
another. However, it is the experience of most neurointerventionalists that endovascular treatment
options are an excellent choice for fistulous AVMs, given their configuration of a single feeding artery
and draining vein, easy accessibility, and frequently symptomatic presentation.

PEARLS AND PITFALLS

e The liquid embolic agent must penetrate from the arterial to the venous side; however, because
only a single feeder and a single vein are present in these purely fistulous lesions, even arterial
ligation may lead to durable results because subsequent venous thrombosis may result in stable
occlusion of the fistula.

e Patients with fistulous AVMs may have an underlying disease, such as hereditary hemorrhagic
telangiectasia.

¢ Following embolization, headaches and seizures may develop transiently. If new neurologic symp-
toms occur, follow-up imaging is necessary to rule out excessive venous thrombosis, which may
require anticoagulation and steroid therapy.

Further Reading

Krings T, Chng SM, Ozanne A, Alvarez H, Rodesch G, Lasjaunias PL. Hereditary hemorrhagic telangi-
ectasia in children: endovascular treatment of neurovascular malformations: results in 31 patients.
Neuroradiology 2005;47(12):946-95416163493

Krings T, Ozanne A, Chng SM, Alvarez H, Rodesch G, Lasjaunias PL. Neurovascular phenotypes in
hereditary haemorrhagic telangiectasia patients according to age. Review of 50 consecutive patients
aged 1 day-60 years. Neuroradiology 2005;47(10):711-72016136265

Yuki I, Kim RH, Duckwiler G, et al. Treatment of brain arteriovenous malformations with high flow
arteriovenous fistulas: risk and complications associated with endovascular embolization in multi-
modality treatment. | Neurosurg Oct 16, 2009 [Epub ahead of print]



CASE 21

Case Description

Clinical Presentation

A 41-year-old woman presents with progressive weakness of her left
lower and upper extremities and a recent generalized seizure. MRI and
subsequently angiography are performed.

Fig. 21.1 (A) T2-weighted MRI dem-
onstrates a large venous pouch within
the right ambient cistern compressing
the right cerebral peduncle. (B) There
is dilatation of the right-sided trans-
medullary veins, suggestive of venous
congestion.

Radiologic Studies
MRI

On MRI, T2-weighted sequences demonstrate a large venous pouch within the right ambient cistern
compressing the right cerebral peduncle. Multiple dilated vessels are seen along the tentorium and
also supratentorially, with right-sided dilated transmedullary veins (Fig. 21.1). The presence of dilated
veins distant from the nidus is suggestive of venous congestion, due either to a high-flow shunt or
to venous outlet obstruction.

DSA

There is evidence of a high-flow arteriovenous malformation (AVM) that is fed predominantly by both
posterior cerebral arteries via the lateral posterior choroidal arteries, which are massively enlarged.
In addition, multiple small transependymal feeders from the tip of the basilar artery and from the
P1 segments also contribute to the feeding of this choroidal type of high-flow AVM, presumably as a
secondary “sump” effect. On the arterial side, there is significant arterial remodeling, with widening
of both posterior cerebral arteries and evidence of flow-related aneurysms at the left superior cere-
bellar artery and at the right P1 segment just anterior to the right posterior communicating artery.
The nidus has both fistulous and plexiform compartments. Multiple venous pouches are present,
both within the nidus and distal to the AVM. There is significant venous rerouting because despite
the location of the AVM in the midline, there is no visible drainage via the straight sinus or the vein
of Galen. The drainage occurs predominantly via the basal vein of Rosenthal, which demonstrates
a venous pouch ~4 cm in size directly adjacent to the cerebral peduncle; drainage from there is via
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transtemporal veins but also via the superficial middle cerebral vein and the sphenoparietal sinus
toward the superficial venous drainage system. In addition, drainage occurs via median parietal and
median frontal veins toward the superior sagittal sinus bilaterally. There is a significant amount of
venous congestion with a pseudophlebitic aspect of the draining veins. It is only in the late phases
of angiography that filling of cerebellar veins is demonstrated, suggesting a significant amount of
venous congestion also at the level of the posterior fossa. Injection in the internal carotid arteries
demonstrates a pseudophlebitic aspect of the draining veins in the late venous phase and significant
cross-filling of the AVM via the right posterior communicating artery (Fig. 21.2).

Diagnosis

High-flow fistulous choroidal AVM with venous remodeling

Treatment
EQUIPMENT

e Standard 5F access (puncture needle, 5F vascular sheath)

Fig. 21.2 DSA. Left vertebral angiogram in lateral view. tip shows flow-related aneurysms at the origin of the left
(A) Early, (B) late arterial, and (C) venous phases dem- superior cerebellar artery and at the right P1 segment just
onstrate a high-low AVM supplied predominantly by the anterior to the right posterior communicating artery. (E)
lateral posterior choroidal arteries from the posterior com-  Superselective microcatheter injection before emboliza-
municating arteries. (D) 3D reconstruction of the basilar  tion reveals a fistula within the AVM nidus.
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e Standard 5F multipurpose catheter (Envoy; Cordis, Warren, NJ) with continuous flush and a 0.035-
in hydrophilic guidewire (Terumo, Somerset, NJ)

e A2 x0.012-in flow-directed microcatheter (Magic; Balt International, Montmorency, France)

e A 10% glucose solution

e Histoacryl/Lipiodol/tantalum powder (2 mL/0.2 mL/one-half vial)

e Contrast material

e Steroids

DESCRIPTION

We intended to approach the AVM through the posterior communicating artery in an effort to avoid
prenidal aneurysms at the superior cerebellar origin and the posterior basilar apex. A flow-directed
microcatheter with a small, steam-shaped, 90-degree curve was introduced via the posterior com-
municating artery into the lateral posterior choroidal artery and advanced to the fistulous portion
of the AVM, as verified by microcatheter injections. A mixture of 2 mL of glue, 0.2 mL of Lipiodol,
and half of a vial of tantalum powder was injected, achieving occlusion of the fistulous compart-
ment and significant flow reduction in the basal vein of Rosenthal and its venous pouch (Fig. 21.3).
Partial embolization slowed the flow through the AVM, providing a measure of symptomatic relief
and secondarily reducing the size of the nidus in an effort to make the lesion amenable to gamma
knife radiosurgery, which was planned for the patient.

Fig. 21.3 Right ICA angiogram (A,B) before and (C,D) following embolization shows reduction
in flow and size of the AVM.



128 CASE-BASED INTERVENTIONAL NEURORADIOLOGY

Discussion

Background

The patient in the present case had an AVM with mixed fistulous and plexiform compartments. Given
the high-flow nature, it is in most instances the fistulous component that is responsible for symptoms,
which may include epileptic seizures, neurologic deficits, headaches, and hemorrhage. The presumed
pathologic mechanisms of these symptoms include mass effect of the venous pouches and venous
congestion, which may be due either to the high flow rate or secondary venous outflow obstruction.
The combination of cross-sectional imaging clues, angioarchitectonic features, and clinical symptoms
is of importance to understand the primary pathologic mechanism and define a treatment strategy.
In our experience, a discrepancy between the predicted venous drainage pattern and the actually
observed venous drainage pattern points toward an unstable situation in which the normal venous
outflow routes are no longer used—for example, as a result of high-flow venous angiopathy. The onset
of seizures in a previously healthy individual harboring an AVM suggests changes in hemodynamics
(i.e., rerouting of drainage from the AV shunt toward veins that normally drain normal brain).

Noninvasive Imaging Workup
See also Case 20.
CT|MR

e (Cross-sectional imaging findings that are suggestive of venous congestion are dilated veins distant
from the predicted anatomic outflow route of the AVM nidus.

e Dilated venous pouches and associated flow-related arterial aneurysms are indicative of high-flow
shunts.

Invasive Imaging Workup

¢ In fistulous AV shunts, the venous phase can reveal (1) whether rerouting of the outflow tracts
has occurred and (2) how the normal brain drains and whether this drainage is compromised.

e Compartments harboring the fistulous connections must be targeted during embolization before
other AVM compartments to avoid additional rerouting toward the fistulous compartments.

Treatment Options
See also Case 20.
RADIOSURGERY

e Radiosurgery is commonly used following embolization of a high-flow compartment to eliminate
the plexiform compartments of an AVM with multiple compartments. It is not recommended as
the primary treatment modality under such circumstances.

SURGICAL TREATMENT

e Because of the high-flow nature of the fistula and the large size of the concomitant nidus, surgery
may be associated with a higher risk for complications than a combination therapy of emboliza-
tion and radiosurgery.
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ENDOVASCULAR TREATMENT

e In fistulous AVMs, the catheter should point against the wall before embolization, especially when
a catheter with a small inner diameter is used, to avoid venous penetration. If possible, cath-
eters with a larger inner diameter (which are therefore also stiffer and more difficult to navigate
through tortuous anatomy) may be used.

e Treatment has to be carried out in our experience in multiple sessions to avoid too abrupt a
change in hemodynamics, which may provoke seizures, headaches, or excessive venous throm-
bosis with mass effect of the thrombosed pouch.

e In selected cases, coils may be delivered into the venous pouch before glue embolization to reduce
the flow; however, overly dense packing of these coils may cause a mass effect and should be
avoided.

e To date, there is ongoing debate about what kind of liquid embolic agent to use. The personal
experience of the authors and published data indicate a higher rate of complete obliteration
with Onyx (40-60%), but with a significantly increased treatment-associated risk for permanent
morbidity and mortality (8-12%).

Possible Complications

e Embolization may increase the mass effect as the consequence of acute thrombosis within the
venous pouches and secondary worsening of neurologic symptoms. If the flow is reduced exten-
sively, treatment with heparin over a period of 1 week may be required.

Published Literature on Treatment Options

Venous outflow obstruction in brain AVMs may lead to the rerouting of arterialized blood into veins
that normally drain the brain or even the spinal cord and will therefore interfere with function of
the brain remote from the shunt proper. This can result in progressive neurologic symptoms. It has
been argued that venous outflow obstruction may be caused by the high-flow situation in the veins
and is therefore more likely to occur in fistulae; however, longitudinal studies to prove this hypoth-
esis are missing. In addition to venous outflow obstruction, venous pouches can lead to mass effect,
with concomitant neurologic deficits or seizures. In both instances, the target of treatment must be
reduction of flow, which is best accomplished with embolization.

PEARLS AND PITFALLS

e Both plexiform and fistulous compartments may be present within one AVM.

¢ In most instances, the fistulous compartments are related to the patient’s symptoms, can be tar-
geted with embolization, and should be embolized before other treatment modalities are used.

e Patients are symptomatic because of a disequilibrium between the AVM and its host (i.e., changes
in the cerebral hemodynamics).

Further Reading

Gault ], Sarin H, Awadallah NA, Shenkar R, Awad IA. Pathobiology of human cerebrovascular malforma-
tions: basic mechanisms and clinical relevance. Neurosurgery 2004;55(1):1-16, discussion 16-17
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CASE 22

Case Description

Clinical Presentation

A previously healthy 11-year-old boy presents with the acute onset of
headaches, nausea, and ataxia and is brought to the emergency depart-
ment. CT and then MRI and angiography are performed.

Fig. 22.1 (A) Unenhanced axial CT and (B) T2-weighted MRI demonstrate an intraparen-
chymal cerebellar hemorrhage and a dilated vascular with a classic caput medusae appear-
ance draining toward the fourth ventricle.

Radiologic Studies
CT AND MR

Unenhanced CT demonstrated an intraparenchymal hemorrhage in the right cerebellum with no sig-
nificant mass effect and no subarachnoid component. MRI demonstrated a vascular structure travers-
ing the hemorrhage with a classic caput medusae appearance of dilated venous channels. Although
it was felt that the most likely diagnosis was an acutely ruptured cavernoma with an associated
developmental venous anomaly (DVA), angiography was performed to rule out an arteriovenous (AV)
shunt (Fig. 22.1).

DSA

Injection in the left dominant vertebral artery demonstrated early venous filling of a large cerebel-
lar DVA, the classic shape of which could be better appreciated on the late venous phases and 3D
rotational angiography of the venous phase. The shunt was fed by the superior cerebellar artery,
and drainage was via one of the collector veins of the caput medusae and subsequently via the DVA
draining vein (Fig. 22.2).
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Fig. 22.2 DSA. Left vertebral angiogram in (A-C) AP and (D,E) lateral views and (F) 3D reconstruction demonstrates
an AV shunt draining into a large cerebellar DVA.

Diagnosis

Ruptured microshunt draining into a cerebellar DVA

Treatment
EQUIPMENT

e Standard 5F access (puncture needle, 5F vascular sheath)

e Standard 5F multipurpose catheter (Guider Soft Tip; Boston Scientific, Natick, MA) with continu-
ous flush and a 0.035-in hydrophilic guidewire (Terumo, Somerset, NJ)

e A2 x0.012-in flow-directed microcatheter (Magic; Balt International, Montmorency, France) with
a 0.008-in guidewire (Mirage; ev3, Plymouth, MN)

e A 10% glucose solution

e Histoacryl/Lipiodol (1 mL/1 mL)

e Contrast material

e Steroids

DESCRIPTION

A 5F multipurpose catheter was placed in the distal vertebral artery and continuously flushed. A
flow-directed microcatheter with a steam-shaped 45-degree curve was introduced into the superior
cerebellar artery with the aid of a micro-guidewire and advanced distally. Microcatheter injections
revealed two distinct shunting zones; these were subsequently treated with a mixture of 1 mL of
glue and 1 mL of Lipiodol, which achieved complete occlusion of the shunts without penetration
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of the DVA (Fig. 22.3). Follow-up angiography demonstrated complete occlusion of the shunt and
preservation of the DVA.

Discussion

Background

DVAs, which were previously called venous angiomas, are extreme variations of normal transmedul-
lary veins, which are necessary for the drainage of white and gray matter. They consist of converg-
ing dilated medullary veins that drain centripetally and radially into a transcerebral collector, which
opens into either the superficial subcortical or deep pial veins. DVAs have no proliferative potential
and normally harbor no direct AV shunts. Normal brain parenchyma is found between the dilated
veins. DVAs serve as normal drainage routes of the brain tissue because the usual venous drainage of
their territory is absent. Their etiology and mechanism of development are unknown, but it is cur-
rently accepted that they act as a compensatory system of cerebral parenchyma venous drainage after
early failure, abnormal development, or intrauterine occlusion of normal capillaries or small transce-
rebral veins. DVAs are benign anatomic variations and are therefore usually incidentally discovered.
Most hemorrhages that are encountered when a DVA is present are related to associated cavernomas
rather than to the DVA. Epilepsy is due to associated cortical dysplasia, and pseudotumoral effects
can be secondary to associated lymphatic malformations. Because a DVA represents a venous system
that is not fully developed, it may be prone to hemorrhage when it serves as the outflow route of a
shunt. This was the pathologic mechanism in the present case.

Fig. 22.3 Superselective hand injections and glue cast during (A,B) first and (C,D) second embolization procedures.
(B) Minimal penetration of the glue into the petrosal vein prompted embolization of the entire AV shunt. Left vertebral
angiogram in AP view in (E) arterial and (F) venous phases reveals complete obliteration of the shunt with preservation
of the DVA.
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Noninvasive Imaging Workup
PHYSICAL EXAMINATION

Radiologic and autopsy series have demonstrated DVAs in 2.5 to 3% of the population. DVAs are
the most common vascular “malformation” of the central nervous system, constituting ~60% of all
vascular malformations; capillary telangiectases account for 20%, cavernomas 10%, arteriovenous
malformations (AVMSs) 9%, and dural AV shunts 1% in larger autopsy series. They have been seen
or diagnosed in patients presenting with symptoms such as seizures, vertigo, syncope, tinnitus,
and headaches; however, because these symptoms are among the ones that most often lead to
MRI investigation, a direct relationship cannot be established, and it is currently accepted that
DVAs are an incidental finding in the vast majority of cases.

CT|CTA, MRI|MRA

On contrast-enhanced CT, the venous collector of the DVA is readily detectable as a linear or cur-
vilinear focus of enhancement, typically coursing from the deep white matter to a cortical vein
or a deep vein or to a dural sinus.

On MRI, DVAs typically exhibit a trans-hemispheric flow void on both T1- and T2-weighted images.
After the administration of gadolinium, because of the slow flow, significant enhancement of the
caput medusae of the medullary veins and venous collector is observed.

Associated cavernomas and/or cortical dysplasias must be ruled out by MRI once a DVA is
identified.

Further invasive diagnostic workup is necessary only when a DVA presents with hemorrhage
without an associated cavernoma or when the differential diagnosis of a complex DVA and a true
AVM is unclear.

Invasive Imaging Workup

DSA is rarely necessary to diagnose a DVA. The classic angiographic appearance is that of a caput
medusae of transmedullary veins, visualized during the early to middle venous phase, draining
into a large venous collector, which can extend to either the superficial or deep venous system,
depending on the type of DVA.

DVAs are classified as deep (i.e., draining into deep subependymal veins and the galenic system)
or superficial (i.e., draining into cortical veins). Complex DVAs can have multiple collectors, drain
a large area, and be associated with both a deep and a superficial drainage.

Early opacification of a DVA may be seen with an associated capillary blush. In most cases, this rep-
resents a rapid capillary transit time rather than true AV shunting; however, the shunt of an AVM
into a DVA or microshunts must be ruled out if the patient has presented with hemorrhage.
AVMs associated with DVAs are more likely to cause symptoms because of the reduced flexibility
and capacity to adjust to changes in venous pressure within DVAs.

Differential Diagnosis

In most instances, when a DVA is diagnosed in the acute setting of a hemorrhage, an underlying
cavernoma is likely to be the cause of the bleeding.

Complex DVAs with an extensive capillary blush must be differentiated from DVAs that harbor
true AV shunts; this sometimes requires microcatheter exploration, which we deem necessary
only in patients who present with hemorrhage without an associated cavernoma.
Telangiectases may mimic DVAs on cross-sectional imaging; however, they do not demonstrate
shunting compartments or early venous drainage on DSA.
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Treatment Options
CONSERVATIVE OR MEDICAL MANAGEMENT

e In acutely ruptured AVMs, the necessity of treatment has been pointed out previously. However,
we also favor the treatment of incidental AVMs whose outflow route is a DVA because the
DVA as an anatomic variation of the venous drainage may be less flexible to changes of the
venous pressure. Therefore, a superimposed AV shunt may be associated with a higher rate of
complications.

RADIOSURGERY

e As described previously, radiosurgery takes longer to effectively prevent repeated hemorrhage
and is in our opinion less suited for the developing brain, which is why we tend to use alternate
treatment strategies in children, especially when they present with an acute hemorrhage.

e Identification of the target may be more difficult in patients with an AVM that drains into a DVA
because this may lead to dilatation of the caput medusae veins and an overestimation of the true
nidus.

SURGICAL TREATMENT

e Surgery is indicated for acutely ruptured AVMs when significant mass effect warrants early clot
removal during the same session.

e The differentiation of dilated transmedullary veins from a true AVM may be difficult on surgical
inspection. However, because preservation of the DVA proper is of the utmost importance to avoid
delayed venous ischemic problems in adjacent brain, this is necessary and may be better achieved
by endovascular means.

ENDOVASCULAR TREATMENT

e In complex DVAs and DVAs that have presented with hemorrhage without evidence of an associ-
ated cavernoma, microcatheter exploration may prove helpful to identify potential microshunts.

e Endovascular treatment must preserve the draining vein and the collector vein; therefore, a liquid
embolic agent that polymerizes fast is chosen in our practice.

e Treatment is recommended even for a nonruptured AVM that is associated with a DVA, as described
above.

Possible Complications

e In the hyperacute setting, mass effect of the hematoma may compress parts of the AVM; follow-
up is therefore necessary.
e Penetration into the venous collector must be avoided to preserve the integrity of the DVA.

Published Literature on Treatment Options

DVAs are in most cases incidental and nonsymptomatic. They may become symptomatic through a
variety of pathologic mechanisms; it has been reported that the collecting vein can cause mechani-
cal compression of intracranial structures. Hydrocephalus due to venous vascular compression of
the aqueduct or cranial nerves may ensue and is best treated by ventriculocisternostomy and micro-
vascular decompression. Second, the venous drainage of a DVA may become restricted (because of
stenosis or thrombosis of the DVA or its drainage vein or because of a “functional” obstacle such as an
increase in the venous pressure secondary to a distant AV shunt). If the outflow of a DVA is restricted,
venous congestion may occur in the territory normally drained by the DVA. The treatment of choice
for this condition is to reconstitute the normal flow through the DVA (in cases of thrombosis, this is
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best accomplished with anticoagulation). The third pathologic mechanism of a DVA (the one in the
present case) is increased inflow into the DVA.

When the DVA is the outflow route of an AV shunt, the venous collector may be overloaded
and likely to become symptomatic because the chronically increased pressure within the DVA may
increase the risk for venous rupture in an already fragile venous outlet. The association of an AVM
with a DVA is presumably coincidental; however, we believe that the risk for hemorrhage and com-
plications is increased. Therefore, in our practice, we may perform preventive treatment even in an
asymptomatic patient with a shunt draining into a DVA. Treatment options include radiosurgery,
surgery, or endovascular means, as in all other AVMs; however, it is of the utmost importance to
preserve the DVA proper and treat only the shunt because the DVA will be needed to drain normal
adjacent brain. It may sometimes be difficult to differentiate a true shunt from a DVA (with its asso-
ciated dilated medullary veins), so that definition of the target for radiosurgery may be challenging,
and we prefer endovascular means to try to obliterate the shunt, given the better visualization of a
shunt during microcatheter injections.

PEARLS AND PITFALLS

e DVAs are considered to be stable and benign; however, as an anatomic variation, they occur in
atypical locations and may be less able to respond to changes of the intracranial venous equilib-
rium. Because the flexibility and capacity to adjust to changes in the venous pressure is reduced
in DVAs, superimposed AV shunts may increase the risk for venous infarction or hemorrhage.

e Treatment is indicated and should be aimed at occluding the shunt with preservation of the
draining vein.

Further Reading

Komiyama M, Yamanaka K, Iwai Y, Yasui T. Venous angiomas with arteriovenous shunts: report of
three cases and review of the literature. Neurosurgery 1999;44(6):1328-1334, discussion 1334-
1335

Lasjaunias P, Burrows P, Planet C. Developmental venous anomalies (DVA): the so-called venous angi-
oma. Neurosurg Rev 1986;9(3):233-242

Pereira VM, Geibprasert S, Krings T, et al. Pathomechanisms of symptomatic developmental venous
anomalies. Stroke 2008;39(12):3201-3215

Valavanis A, Wellauer ], Yasargil MG. The radiological diagnosis of cerebral venous angioma: cerebral
angiography and computed tomography. Neuroradiology 1983;24(4):193-199

Wilms G, Bleus E, Demaerel P, et al. Simultaneous occurrence of developmental venous anoma-
lies and cavernous angiomas. AJNR Am ] Neuroradiol 1994;15(7):1247-1254, discussion 1255-
1257
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CASE 23

Case Description

Clinical Presentation

A 44-year-old man presents to the emergency department with the acute
onset of severe headaches and dysphasia. His wife reports that the patient
has had unusual headaches for the last 3 weeks. Emergency CT is per-
formed, followed by dynamic CTA and angiography.

Fig. 23.1 (A) Unenhanced axial CT demonstrates a hyperdense lesion at the left temporal lobe, representing intrapa-
renchymal hemorrhage, with surrounding hypodense brain edema and mild mass effect. Dynamic CTA in (B) early and
(C) late arterial phases in lateral view shows early arterial filling of a venous pouch and cortical vein.

Radiologic Studies
cT

Plain CT of the brain demonstrated an intraparenchymal hemorrhage in the left temporal lobe mea-
suring 4.5 x 1.8 cm and surrounded by edema. It caused a mild mass effect on the atrium of the
left lateral ventricle with no significant midline shift. There was also a small subdural component
at the left temporofrontal region. On CTA, an enlarged venous pouch measuring 8 mm in diameter
was noted at the posterior aspect of the parenchymal hemorrhage. Dynamic CTA demonstrated early
arterial filling of the venous pouch, corresponding to a shunting lesion (Fig. 23.1).

DSA

Injection of the left external carotid artery (ECA) showed an arteriovenous fistula fed by the petro-
squamous branch of the middle meningeal artery and the auricular branch of the occipital artery in
the absence of a posterior auricular artery. The two feeding arteries formed a small arterial network
just above the level of the sigmoid sinus and then shunted into a pial vein, from which blood refluxed
in retrograde fashion into two veins. One of these ran toward the anterior temporal pole and the
other ran toward the anterior sylvian fissure, then drained into a frontal cortical vein toward the
superior sagittal sinus. This latter vein also filled a branch that ran back to drain into the sigmoid
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sinus (Fig. 23.2). More importantly, this vein had a venous pouch, which was felt to be responsible for
the hemorrhage. The left internal carotid artery (ICA) appeared normal without evidence of venous
stagnation or congestion. The remaining territories of both vertebral arteries, the right ICA, and the
right ECA were normal.

Diagnosis

Dural arteriovenous fistula (DAVF) with direct communication into a pial vein having an associated
venous pouch (Borden type 3)

Treatment
EQUIPMENT

Standard 5F access (puncture needle, 5F vascular sheath)

Standard 5F multipurpose catheter (Guider Soft Tip; Boston Scientific, Natick MA) with continuous
flush and a 0.035-in hydrophilic guidewire (Terumo, Somerset, NJ)

A 0.012-in flow-directed microcatheter (Magic; Balt International, Montmorency, France) with a
0.008-in guidewire (Mirage; ev3, Plymouth, MN)

A 10% glucose solution

Histoacryl/Lipiodol (1 mL/1.5 mL)

Contrast material

Steroids

DESCRIPTION

Following diagnostic angiography, a 5F multipurpose catheter was advanced into the left internal
maxillary artery. A flow-directed microcatheter was introduced over a guidewire into the middle
meningeal artery and advanced immediately proximal to the shunting zone, as verified by control
runs done via the microcatheter. After the microcatheter had been flushed with the glucose solution,

Fig. 23.2 DSA. (A) Left internal maxillary and (B) left occipital angiograms in lateral view show an
AVF supplied by branches of the left middle meningeal artery and left stylomastoid branch originating
from the left occipital artery. The AVF drains into an ectatic venous pouch and further drains into two
cortical veins.
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a mixture of 1 mL of glue with 1.5 mL of Lipiodol was injected and filled the two veins and venous
pouch in antegrade fashion, as well as the arterial network and two feeding arteries in retrograde
fashion (Fig. 23.3). The microcatheter was removed, and control runs were performed of both the
internal maxillary artery and the occipital artery. These showed no more filling of the fistula. A con-
trol run of the left ICA showed unchanged drainage through the left sigmoid artery without evidence
of a compromise of the venous flow. Immediately after the procedure, 4 mg of dexamethasone was
administered.

Discussion

Background

DAVFs are abnormal connections between arteries (that would normally feed the meninges, bone, or
muscles but not the brain) and small venules within the dura mater. They account for 10 to 15% of all
intracranial AV shunts. The simplest way to classify these lesions is according to whether they do or
do not exhibit corticovenous reflux. Although those without corticovenous reflux are benign fistulae
(Borden type 1) that almost never lead to neurologic deficits, those with corticovenous reflux may
be regarded as malignant fistulae. They are classified as Borden type 2 (if the shunt is directed into
the dural sinuses and subsequently into cortical veins) and Borden type 3 (if the shunt is directed
immediately into cortical veins). Malignant DAVFs often have an aggressive clinical presentation, with
intracranial hemorrhage (e.g., from rupture of venous pouches), seizures, dementia, alteration of
consciousness, and focal nonhemorrhagic neurologic symptoms due to venous congestion. Given the
high risk for hemorrhage, complete treatment of all malignant DAVFs must be carried out. In most
centers, endovascular management is the therapy of choice.

Noninvasive Imaging Workup
PHYSICAL EXAMINATION

¢ Depending on the location of the DAVF, a bruit may be present.

Fig. 23.3 (A) Superselective microcatheter injection within the left middle meningeal
artery branch and (B) plain radiography demonstrate the glue cast filling the venous pouch
and proximal vein after embolization.
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CT/CTA

In patients with otherwise unexplained intraparenchymal hemorrhage, a DAVF must be included
in the differential diagnosis, especially if CT demonstrates an associated subdural hematoma,
intraparenchymal calcifications, or too many vessels in the subpial space.

Although static CTA may be negative (or just demonstrate too many dilated subpial vessels),
dynamic CTA can demonstrate the early draining vein and therefore confirm the diagnosis.

MRI/MRA

Like CT, MRI in patients who have a DAVF with cortical venous reflux will show abnormal vessels
on the surface of the brain parenchyma. Findings include dilated cortical veins (pseudophlebitic
pattern) and abnormally enhancing tubular structures or flow voids within the cortical sulci
without a true nidus within the brain parenchyma.

Hyperintensity on T2-weighted images indicates venous congestion or infarction, which may
eventually lead to venous hemorrhage. Focal enhancement of these areas may also be observed
as a sign of chronic venous ischemia.

Static MRA may not be sufficient to diagnose a shunting lesion; a dynamic MRA sequence helps
to identify a shunting lesion.

Invasive Imaging Workup

In a patient with a DAVF, all potential feeders must be evaluated and the venous drainage of the
normal brain must be studied; therefore, a six-vessel workup is typically necessary (including
both vertebral arteries, both external carotid arteries, and both internal carotid arteries).
Depending on the location of the fistula, injections of the ascending and deep cervical arteries
and selective injections of the ascending pharyngeal arteries may also be required.

Differential Diagnosis

Moyamoya disease may be associated with intraparenchymal hemorrhage and dilated perforating
vessels. However, no early draining vein is present, and dilated perforating vessels compensate for
the (classically bilateral) stenoses of the M1 segment and distal ICA.

Pial AVFs (Cases 21-22) are fistulous lesions fed by arteries that normally feed the brain and can
thereby be differentiated from dural AVFs.

Treatment Options
SURGICAL TREATMENT

If endovascular treatment fails to occlude the fistulous site (including the distal arterial segment|[s]
and the proximal venous segment [s]), surgery must be performed to obliterate the fistula.
Surgery may be the method of choice if a space-occupying hemorrhage is present to evacuate the
hematoma and occlude the fistula in the same session.

In our institution, catheter angiography is performed to confirm complete occlusion of the fistula
after surgery.

ENDOVASCULAR TREATMENT

In our practice, endovascular treatment is the method of choice for all patients with “malignant”
DAVFs.

Proximal occlusions and particle embolization procedures are obsolete because they lead to recan-
alization with a high risk for repeated hemorrhage (up to 16% annually).
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e Liquid embolic agents (e.g., Histoacryl, Onyx) should be employed to occlude the distal arterial
segment and the proximal venous segment of the shunt.

e Periprocedural heparin is recommended if the procedure is anticipated to take longer than 30
minutes.

e In our practice, steroids are given following Histoacryl embolization to compensate for the exo-
thermic effect of the glue.

Possible Complications

e Standard angiographic complications may develop (at the puncture site: bleeding, false aneurysms,
fistulae; in catheterized vessels: emboli, dissections; systemically: contrast reaction, renal failure).

e The embolic agent may migrate into veins that are still functional (i.e., that are used to drain
normal brain).

e Proximal occlusion with delayed reopening of the shunt may occur.

e Stroke or cranial nerve palsies are due to extracranial or intracranial anastomoses and emboliza-
tion and occlusion of arteries that supply the cranial nerves.

Published Literature on Treatment Options

Given that DAVFs with cortical venous reflux carried an annual risk of more than 8% for hemorrhage
and 6% for nonhemorrhagic deficits and an annual mortality rate of 10% in the series reported by van
Dijk et al from our group, curative treatment is deemed a necessity and should be obtained in a timely
fashion. If endovascular treatment is unsuccessful, then surgical treatment should be performed dur-
ing the same hospital admission. Both surgical and endovascular treatment options follow the same
principle (i.e., to occlude the distal arterial site and the proximal venous outflow), and high success
rates with low rates of procedure-related morbidity and mortality have been reported.

PEARLS AND PITFALLS

e A proximal arterial occlusion is not sufficient, despite angiographic nonopacification of the fistula,
because the fistulous site will still be active. With excellent dural collaterals, it will in time recruit
other dural supply and reopen.

e Migration of the embolic agent into distal (still functioning) cerebral veins can lead to catastrophic
venous infarction.

e If multiple arterial feeders are present, the (1) safest artery with (2) the straightest course should
be used.

e Technical failure does not preclude subsequent surgery, which should be considered if arterial
access proves to be too difficult.

Further Reading

Borden JA, Wu JK, Shucart WA. A proposed classification for spinal and cranial dural arteriovenous
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Davies MA, TerBrugge K, Willinsky R, Coyne T, Saleh ], Wallace MC. The validity of classification for
the clinical presentation of intracranial dural arteriovenous fistulas. ] Neurosurg 1996;85(5):830-
837
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CASE 24

Case Description

Clinical Presentation

A 63-year-old man presents to the emergency department with the acute
onset of seizures. Emergency CT and MRI are performed, followed by
angiography.

Fig. 24.1 (A) Contrast-
enhanced CT and (B) T2-
weighted MRI demonstrate a
venous pouch with surround-
ing brain edema. A small flow
void adjacent to the venous
pouch, corresponding to a
dilated cortical vein, is noted
on the T2-weighted image.

Radiologic Studies
CT AND MRI

Contrast-enhanced CT of the brain demonstrated a well-defined, intensely enhancing vascular struc-
ture at the left frontal lobe, consistent with a venous pouch (Fig. 24.1). Surrounding hypodensity
indicated brain edema. A T2-weighted image demonstrated similar findings. The tubular flow-void
structure adjacent to the venous pouch, corresponding to a dilated cortical vein, and the brain edema
were better seen than on the CT scan.

DSA

Injection of the left internal carotid artery (ICA) showed an arteriovenous fistula (AVF) at the level
of the anterior cranial fossa floor, supplied mainly by the ethmoidal branches of the left ophthalmic
artery (Fig. 24.2). There was also minimal supply from branches of the right ophthalmic artery. No
significant arterial supply from the external carotid artery (ECA) branches was seen, although the
venous pouch was faintly opacified through indirect supply from the nasoethmoidal branches of the
left facial artery (not shown). There was direct drainage into the left frontal cortical vein, with a large
venous pouch, and further drainage into the superior sagittal sinus.
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\\‘

Fig. 24.2 DSA. (A) Left ICA injection in lateral view and (B) right ICA injection in AP view show
an AVF at the anterior cranial fossa, supplied mainly by the ethmoidal branches of (A) the left
ophthalmic artery with minimal supply from (B) the right ophthalmic artery. There is direct drain-
age into a left frontal cortical vein, which harbors a large venous pouch, before drainage into the
superior sagittal sinus.

Diagnosis
Ethmoidal dural arteriovenous fistula (DAVF) with a direct communication into a cortical vein and
an associated venous pouch (Borden type 3)

Treatment
EQUIPMENT

e Standard 5F access (puncture needle, 5F vascular sheath)

e Standard 5F multipurpose catheter (Envoy; Cordis, Warren, NJ) with continuous flush and a 0.035-
in hydrophilic guidewire

e A 0.012-in flow-directed microcatheter (Magic; Balt International, Montmorency, France) with a
0.008-in guidewire (Mirage; ev3, Plymouth, MN)

e A 10% glucose solution

e Histoacryl/Lipiodol (1 mL/1.5 mL)

e Contrast material

DESCRIPTION

Following diagnostic angiography, a 5F multipurpose catheter was advanced into the left ICA. A flow-
directed microcatheter was introduced over a micro-guidewire into the left ophthalmic artery and
advanced to a point immediately proximal to the shunting zone. Control runs were done by hand
injections via the microcatheter to confirm the position (Fig. 24.3). After the microcatheter had
been flushed with the glucose solution, a mixture of 1 mL of glue and 2 mL of Lipiodol was injected,
penetrating the shunt zone and filling the proximal draining vein without any reflux of the glue. The
microcatheter was removed, and control runs were performed of both ICAs and both ECAs, confirm-
ing complete closure of the fistula.
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Fig. 24.3 (A) Superselective injection and (B) glue cast following embolization show glue fill-
ing the proximal venous segment. Control left ICA angiograms (C) immediately after and (D) 3
months after the procedure confirm complete obliteration of the fistula. Note the remodeling of
the ophthalmic artery after embolization.

Discussion

Background

DAVFs at the anterior cranial fossa are also known as “ethmoidal” DAVFs. Such DAVFs are rare and can
be classified among the DAVFs of the lateral epidural type. Other places where lateral epidural DAVFs
are found include the spine (the classic location), foramen magnum, falx (vein of Galen), tentorium
(basal vein of Rosenthal and superior petrosal sinus), and cortical veins. Arterial supply to ethmoidal
DAVFs is characteristically from the ethmoidal branches of the ophthalmic artery, and venous drain-
age is through the frontal cortical veins before a sinus (therefore, ethmoidal DAVFs are always Borden
type 3 lesions). They are often associated with venous pouches, which frequently rupture and result
in intracranial hemorrhage. Transarterial embolization is the treatment of choice in our institution,
followed by open surgery when embolization fails to cure the lesion.
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Noninvasive Imaging Workup
CT/MRI

e (T and MRI findings may be subtle. Only tubular enhancing structures or flow voids may be seen
at the frontal cortical sulci on contrast-enhanced CT and T2-weighted images.

e Occasionally, a venous pouch may be seen, often associated with either subdural or parenchymal
hemorrhage or surrounding brain edema, as in the present case.

CTA/MRA

e Both CTA and MRA can be used to confirm the presence of an AV shunt at the level of the anterior
cranial fossa as well as the venous pouches.

Invasive Imaging Workup

e The arterial supply arises mainly from the ethmoidal branches of the ophthalmic artery and is
usually bilateral. Additional indirect supply from branches of the ECA via small anastomoses may
also be seen.

Differential Diagnosis

e Pial AVFs (see Cases 20 and 21) at the frontal lobe are fistulous lesions fed by arteries that would
feed the brain. In the present case, the normal frontal branches of the anterior cerebral artery
can easily be differentiated from the ethmoidal branches supplying the DAVF.

Treatment Options
SURGICAL TREATMENT

e If endovascular options fail to occlude the fistulous site (including the distal arterial segment][s]
and the proximal venous segment[s]), open surgical disconnection is necessary to occlude the
fistula.

e Surgery may be the treatment method of choice if a space-occupying hemorrhage is present, to
evacuate the hematoma and occlude the fistula in the same session.

e Preoperative embolization with particles in the external carotid feeders is generally not useful
because the supply is mainly through the ophthalmic artery.

e In our experience, angiographic confirmation of complete occlusion of the fistula is necessary
following surgery.

ENDOVASCULAR TREATMENT

e In our current practice, endovascular therapies are the method of first choice in all patients with
“malignant” DAVFs.

e Proximal occlusion and particle embolization procedures are inadequate because they lead to
recanalization.

e Permanent liquid embolic agents should be employed to occlude the distal arterial segment and
the proximal venous segment of the shunt.

e Periprocedural heparin is recommended.

e The position of the microcatheter must be beyond the origin of the central retinal artery (identi-
fied through the choroidal blush of the adjacent posterior ciliary arteries in lateral view), and
reflux of the embolic material into the ophthalmic artery must be avoided.
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Possible Complications

e Standard angiographic complications may occur (at the puncture site: bleeding, false aneurysms,
fistulae; in catheterized vessels: emboli, dissections; systemically: contrast reaction, renal failure).

e Stroke and blindness may be caused by reflux of the embolic material into the ICA or central
retinal artery.

e The embolic agent may migrate too far into frontal cortical veins that are still functional.

e Proximal arterial occlusion with delayed reopening of the fistula may occur.

Published Literature on Treatment Options

Surgery is the most common type of treatment in previous case series, usually with a 95 to 100% cure
rate. Operations are typically performed via a frontal or bifrontal craniotomy to identify the dura-
based feeding arteries and enlarged draining cortical veins. Subsequent disconnection of the fistula
on the venous side is then performed, with a low risk for stroke and blindness. In the past years, an
increasing number of case series have reported the successful use of endovascular treatment. In the
report by Agid et al, the success rate for transarterial embolization through the ophthalmic artery
was ~60%. Embolization through indirect branches of the ECA is usually not successful. Although
transvenous approaches have been reported, they are technically more challenging, requiring naviga-
tion of the microcatheter to the anterior superior sagittal sinus and then selectively into the draining
cortical vein. Coiling of this vein must be done as close as possible to the fistulous site and proximal
to the venous pouch to avoid a catastrophic hemorrhage.

PEARLS AND PITFALLS

e The major arterial supply to an ethmoidal DAVF is from the ophthalmic artery, and the drain-
age is directly into a frontal cortical vein; therefore, these DAVFs are always Borden type 3, and
treatment is indicated.

e Proximal occlusion of the arterial feeder is insufficient, and occlusion of the proximal vein is
necessary.

e If transarterial embolization through the ophthalmic artery is attempted, the microcatheter must
be beyond the origin of the central retinal artery, and no reflux is permitted.

e Surgical disconnection has a high cure rate and can be done even after failed embolization.

Further Reading
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CASE 25

Case Description

Clinical Presentation

A 49-year-old man presented 2 years previously with complex partial sei-
zures, which were controlled with medication. Now his seizures are wors-
ening despite increases in his seizure medication. There are no neurologic
deficits on clinical examination. A CT scan is performed at an outside
hospital, and the patient is referred to our institution for angiography
and treatment.

Fig. 25.1 (A) Unenhanced and (B) post-contrast CT scans demonstrating subcortical cal-
cification at the level of the left temporo-occipital lobe, with enhancing vessels along the
cortical surface of the left cerebral hemisphere.

Radiologic Studies
cT

Unenhanced CT scan showed subcortical calcification involving the left temporo-occipital lobe. After
the administration of contrast, prominent enhancing vessels along the cortical surface of the left
cerebral hemisphere were noted, suggestive of a dural arteriovenous fistula (DAVF) with cortical
venous reflux (Fig. 25.1).

DSA

Injection of the left external carotid artery (ECA) showed early filling of an irregular left transverse
sinus segment, supplied by branches of the left occipital artery and additional supply from the left
middle meningeal artery and left posterior meningeal artery. Thrombosis of the proximal left trans-
verse sinus and distal left sigmoid sinus created an isolated sinus segment, resulting in reflux of the
venous drainage into the left occipital cortical veins. A pseudophlebitic appearance of the cortical
veins in the venous phase of the left internal carotid artery (ICA) injection was noted, suggesting
venous congestion (Fig. 25.2).
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Fig. 25.2 DSA. (A) Left internal maxillary and (B) left occipital angiograms in lateral projection
demonstrate an AV shunt supplied by branches of the left middle meningeal artery and left occipi-
tal artery and draining into an irreqular venous segment of the left transverse sinus. Occlusion
of the left proximal transverse sinus and distal sigmoid sinus segments is noted, causing cortical
venous reflux into the left occipital veins. (C) Left ICA angiogram in late venous phase shows a
pseudophlebitic pattern of the cortical veins with stagnation of the contrast, corresponding to
venous congestion. Additional supply to the DAVF from the left posterior meningeal artery of (D)
the left VA is also noted.

Diagnosis

Aggressive DAVF of the left transverse sinus associated with an isolated sinus (Borden type 2)

Treatment
EQUIPMENT

e Standard 6F access (puncture needle, 6F vascular sheath)

e Standard 6F multipurpose catheter (Envoy; Cordis, Warren, NJ) with continuous flush and a 0.035-
in hydrophilic guidewire (Terumo, Somerset, NJ)

e Two 0.015-in over-the-wire microcatheters (Prowler 10; Cordis) with a 0.010-in hydrophilic
guidewire (Agility 10; Cordis)

e A 10% glucose solution

e Histoacryl/Lipiodol (1 mL/2 mL)

¢ Contrast material
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DESCRIPTION

Following diagnostic angiography, a 5F multipurpose catheter was advanced into the left occipital
artery (Fig. 25.3). An over-the-wire microcatheter was introduced over a micro-guidewire into the
dural branches originating from the occipital artery in a wedged position as close to the shunt zone
as possible. Control runs were done via hand injection through the microcatheter to verify the posi-
tion. The microcatheter was then flushed with the glucose solution, followed by the injection of glue
at 50% concentration in an attempt to fill the venous pouch. The procedure was repeated twice, both
times through branches of the occipital artery. Following the second glue embolization, filling of the
isolated sinus segment was no longer seen on control angiograms. Follow-up angiogram at 3 months
confirmed the complete closure of the DAVF.

Discussion

Background

DAVFs are abnormal AV shunts located within the dura mater comprising the walls of the dural
sinuses. The transverse and sigmoid sinuses are the most common location, accounting for ~30 to

Fig. 25.3 (A) Hand injection through a microcatheter wedged within a branch of the left occipital
artery in AP view shows filling of the isolated sinus segment, followed by (B) the glue injection. (C)
Follow-up ECA and (D) right VA angiograms at 3 months show complete closure of the fistula.
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50% of all DAVFs. Lesions in this location are typically benign (Borden type 1, without cortical venous
reflux). Exceptions are cases with extensive thrombosis of the venous outflow and those with high-
flow shunts, which may result in malignant dural AV shunts with cortical venous reflux (Borden type
2). In patients in whom the involved dural sinus is still patent, cure by endovascular means is difficult
because in most instances the patent dural sinus is still a normal pathway for brain drainage, and its
closure may result in venous infarction.

Ideally, transarterial embolization with permanent liquid material that closes only the AV shunts
within the wall of the sinus is desirable, although this can be technically challenging, and a role for
Onyx in these special circumstances should be considered. Diluted embolic material is not recom-
mended in these instances because the embolic material will penetrate the sinus, possibly resulting
in either closure of the sinus or the formation of pulmonary emboli. A highly concentrated embolic
material, on the other hand, may result in proximal occlusion and delayed reopening, as will be the
case if a particulate embolic material is used. Although the patient’s symptoms may temporarily
abate, the shunt will recruit collaterals that are even more difficult to treat. In cases with an isolated
sinus segment, the involved sinus segment is not functioning to drain the normal brain; therefore, it
can be sacrificed during treatment.

Noninvasive Imaging Workup
CT/MRI

e In benign DAVFs located at the sigmoid and transverse sinuses, CT and MR may yield false-nega-
tive results because no dilated cortical vessels are present.

e Malignant DAVFs with cortical venous reflux may show intraparenchymal hemorrhage and sub-
cortical calcification on unenhanced CT scans. Venous congestion may be seen as hypodensity
on CT; however, it is better demonstrated by FLAIR sequences on MRI. Contrast-enhanced CT,
T2-weighted images, and/or post-gadolinium T1-weighted images best demonstrate the dilated
vessels within the cortical sulci.

CTA/MRA

e Early filling of the involved sinus and the cortical venous reflux can both be seen with CTA and
MRA; however, angiography is required for a detailed evaluation of the arterial feeders and pos-
sible endovascular access.

Invasive Imaging Workup

e Angiography is required in the pre-treatment evaluation of DAVFs and may be performed before
or at the same time as the endovascular treatment.

e All potential feeders must be evaluated, including the external carotid arteries ECAs (and occipital
arteries), the ICAs, and the vertebral arteries (VAs). A delayed venous phase of both the ICAs and
VAs is necessary to evaluate the brain drainage, which may be very prolonged as a consequence
of the venous congestion.

Treatment Options
RADIOSURGERY
e The major limitation of radiosurgery is that it takes at least several months before the DAVF closes,

and therefore it is usually recommended only for DAVFs without evidence of cortical venous
reflux and in locations that are difficult to reach (e.g., vein of Galen, tentorial incisura).
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SURGICAL TREATMENT

Surgical options that have been reported range from simple disconnection of the cortical venous
reflux to sinus packing and resection of the diseased sinus segment.

Preoperative proximal embolization with particles may have a role to decrease surgical blood
loss.

ENDOVASCULAR TREATMENT

Embolization is the preferred treatment of DAVFs.

Proximal occlusion and particle embolization procedures will lead to recanalization and may be
used only as a palliative measure in benign fistulae without cortical reflux.

If the sinus is still patent, transarterial embolization with a permanent liquid material, aiming
to close only the AV shunts within the wall of the dural sinus, is the preferred method of treat-
ment. This can be achieved with the use of a slightly diluted concentration of glue in experienced
hands, newer embolic materials having a prolonged polymerization time (e.g., Onyx), or tempo-
rary venous balloon protection within the dural sinus. Compartmentalized transvenous emboliza-
tion (with coils) may be used in those patients in whom the DAVF involves only a compartment of
the sinus; however, in most instances, preservation of the dural sinus when a transvenous route
is used for treatment is not possible.

In cases with an isolated venous pouch, either transarterial embolization with liquid embolic
agents or transvenous embolization with coils and/or liquid embolic agents (employing a blind
approach, as discussed in Case 27) may be used to occlude the diseased sinus segment. The
choice depends on the angioarchitecture. If a large arterial feeder is present, a transarterial route
is preferred; otherwise, a transvenous route can be attempted.

Although venous penetration of the liquid embolic material is necessary, there is no need to com-
pletely fill the isolated sinus segment if glue is used because of its thrombogenic effect. If Onyx
is employed, complete filling of the isolated sinus is recommended without reflux into cortical
veins.

Periprocedural heparin is recommended if the procedure is anticipated to take longer than 30
minutes.

Steroids are not routinely given unless excessive occlusion of the cortical veins with the embolic
material occurs.

Possible Complications

Pulmonary emboli may form, and/or the embolic agent may migrate too far into cortical veins
that may still be functional.

Stroke may occur if embolic material refluxes toward the brain vessels because of failure to recog-
nize the extracranial-to-intracranial anastomoses, which become functional following overzealous
injection into the ECA branches.

Cranial nerve palsies can occur following the inadvertent embolization of arteries that supply the
cranial nerves.

Published Literature on Treatment Options

In a large series of DAVFs of the transverse and sigmoid sinuses in 150 patients recently published by
Kirsch et al, the occlusion rate of transarterial embolization alone was 30%, and multiple procedures
were often required. This is similar to our experience, in which complete occlusion of the DAVF is
difficult to obtain, especially if the dural sinus is still patent. Some authors have proposed the use
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of newer embolic materials with prolonged polymerization times, such as Onyx, and/or the use of
transvenous balloon protection within the dural sinus to facilitate closure of the DAVF with preser-
vation of the sinus. Some have proposed the use of transvenous angioplasty and stenting together
with transarterial embolization; however, we do not recommend this because of the high rate of in-
stent thrombosis within the venous system, which may worsen the situation. Radiosurgery may be
a good option for DAVFs without any cortical venous reflux, and a high rate of total or nearly total
obliteration has been reported.

PEARLS AND PITFALLS

e In DAVFs of the transverse and sigmoid sinuses in which the involved sinus is still patent, the aim
of treatment is to close the AV shunt within the wall and preserve the dural sinus. A transarterial
route is preferred to achieve this goal.

e Venous drainage of the normal brain must be evaluated with late venous phases on angiography,
and if the involved sinus is a route of drainage for the brain, then the sinus cannot be sacrificed
because venous infarction will necessarily occur.

e Most DAVFs at the level of the transverse sinus are benign, and their natural history does not
warrant aggressive therapy unless the patient cannot tolerate the clinical symptoms (e.g., bruit).
Even so, transarterial therapy is likely to be safer than transvenous deconstructive approaches.
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CASE 26

Case Description

Clinical Presentation

A 51-year-old woman presents with chemosis of the right eye, proptosis,
and persistent pulsatile tinnitus that has gradually become worse over the
last 3 years. The patient undergoes CTA at an outside hospital before being
referred to our institution for angiography and treatment.

Fig. 26.1 Post-contrast
CTA reveals (A) bulging of
the right cavernous sinus
and dilatation of the right
superior ophthalmic vein.
(B) Dilated vessels along
the cortical surface of both
cerebral hemispheres were
also noted.

Radiologic Studies
CT/CTA

CT showed normal signal of the brain parenchyma. Post-contrast studies and CTA demonstrated
prominently enhancing vessels within the cortical sulci of both cerebral hemispheres. Bulging of the
right cavernous sinus and right superior ophthalmic vein was noted, suggesting the presence of a
cavernous sinus dural arteriovenous fistula (DAVF) with cortical reflux (Fig. 26.1).

DSA

The study showed high-flow DAVFs along the right transverse sinus with multiple arterial feeders
from branches of the middle meningeal arteries and occipital arteries bilaterally, the right menin-
gohypophyseal trunk of the right internal carotid artery (ICA), and the posterior meningeal arteries
from the vertebral arteries (VAs). Both antegrade and retrograde drainage of the shunt was noted
through the patent right transverse and sigmoid sinuses to the jugular bulb, and reflux was noted into
the superior sagittal sinus, occipital cortical veins, and deep venous system. The proximal left trans-
verse sinus was occluded. Delayed drainage of the normal right cerebral hemisphere was observed
through the right cavernous sinus and subsequently through the right superior ophthalmic vein. The
left cerebral hemisphere drained through the left vein of Labbé into the left sigmoid sinus and left
jugular bulb (Fig. 26.2). The late venous phase of the VA injection showed rerouting of the normal
posterior fossa drainage toward the right cavernous sinus and left sigmoid sinus and through the
perimedullary veins of the cervical spine.

154
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Fig. 26.2 DSA. Right ICA angiogram in AP view in (A) arte-
rial and (B) late venous phase shows an AV shunt at the
right transverse sinus supplied by the tentorial branch of
the meningohypophyseal trunk. There is antegrade drain-
age of the shunt into the right sigmoid sinus and right
jugular bulb, with retrograde drainage into the superior
sagittal sinus. Left ICA angiogram in (C) AP view in late
venous phase reveals normal drainage of the left cerebral
hemisphere through the left vein of Labbé. Left VA angio-
gram in (D) AP view shows supply to the DAVF from the

Diagnosis

posterior meningeal arteries with pia-induced shunts from
branches of the right posterior cerebral artery and right
anterior inferior cerebellar artery, representing the high-
flow nature of the lesion. Note the occlusion of the proxi-
mal left transverse sinus. (E) Right ECA and (F) left ECA
angiograms show multiple arterial feeders to the DAVF,
mainly from branches of the middle meningeal arteries
and occipital arteries, bilaterally. There is retrograde drain-
age into the occipital cortical veins, straight sinus, and
deep venous system.

Aggressive DAVF of the left transverse sinus (Borden type 2)

Treatment
EQUIPMENT

e Standard 5F and 6F access (puncture needles, 5F and 6F vascular sheaths)

e Standard 5F and 6F multipurpose catheters (Guider Soft Tip; Boston Scientific, Natick, MA) with
continuous flush and a 0.035-in hydrophilic guidewire (Terumo, Somerset, NJ)

e A 0.015-in over-the-wire microcatheter (Prowler 10; Cordis, Warren, NJ) with a 0.010-in hydro-

philic guidewire (Agility 10; Cordis)



156 CASE-BASED INTERVENTIONAL NEURORADIOLOGY

e A 0.021-in over-the-wire microcatheter (Prowler Plus; Cordis) with a 0.014-in micro-guidewire
(Synchro 14; Boston Scientific)

e A 10% glucose solution

e Histoacryl/Lipiodol (1 mL/2 mL)

e Bare and fibered pushable platinum coils (Boston Scientific)

e (Coil pusher (Boston Scientific)

e Contrast material

DESCRIPTION

Following diagnostic angiography, a 5F multipurpose catheter was advanced into the internal maxil-
lary and occipital arteries bilaterally. To reduce the high flow of the shunt, transarterial embolization
into the branches of the middle meningeal arteries and occipital arteries was performed bilaterally
as close to the shunt zone as possible with glue at 50% concentration and an over-the-wire micro-
catheter. A 6F multipurpose catheter was then advanced from the femoral vein to the right internal
jugular vein and placed at the right jugular bulb. After bilateral external carotid artery (ECA) injec-
tions, the shunt zone was interpreted to start from the torcular and extend all the way down to the
level of the proximal right sigmoid sinus. A 0.021-in over-the-wire microcatheter was advanced over
a micro-guidewire to the torcular region. Control runs via hand injection through the microcatheter
were performed to verify the position. A large, bare, detachable platinum “framing” coil was selected
to avoid distal migration of the pushable coils, followed by several large fibered coils and then smaller
coils for dense packing. The microcatheter was progressively withdrawn toward the right sigmoid
sinus with packing of the coils until the control run showed closure of the DAVF. The transvenous
microcatheter and guiding catheter were removed, and a final control angiogram demonstrated oblit-
eration of the DAVF (Fig. 26.3).

Discussion

Background

DAVFs involving the transverse and sigmoid sinuses most commonly present with pulsatile tinnitus,
headaches, or intracranial hemorrhage. Exophthalmos and chemosis of the eye are unusual presen-
tations that are more frequently seen with lesions located at the level of the cavernous sinus. The
presence of these symptoms in a patient with a DAVF not located at the cavernous sinus suggests that
the cavernous sinus is functioning as an alternative drainage pathway for either the shunt or the nor-
mal brain. Similar to the transarterial approach, transvenous management is technically challenging
when the involved dural sinus is still patent and, more importantly, when it is functioning to drain
the normal brain. It is often more difficult to preserve the dural sinus when a transvenous route is
used, although small case series of patients in whom only one compartment of the dural sinus was
involved have reported successful treatment of the involved compartment with transvenous coiling.
In most cases, the entire dural sinus is involved; therefore, certain questions need to be answered
before transvenous treatment with sacrifice of the dural sinus is considered: (1) Does the shunt
require treatment? (2) How does the normal brain, including the c