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	/ Preface
Modern Radiology is a free educational resource for 

radiology published online by the European Society of 

Radiology (ESR). The title of this second, rebranded ver-

sion reflects the novel didactic concept of the ESR eBook 

with its unique blend of text, images, and schematics in the 

form of succinct pages, supplemented by clinical imaging 

cases, Q&A sections and hyperlinks allowing to switch 

quickly between the different sections of organ-based and 

more technical chapters, summaries and references.

Its chapters are based on the contributions of over 100 rec-

ognised European experts, referring to both general tech-

nical and organ-based clinical imaging topics. The new 

graphical look showing Asklepios with fashionable glasses, 

symbolises the combination of classical medical teaching 

with contemporary style education. 

Although the initial version of the ESR eBook was cre-

ated to provide basic knowledge for medical students 

and teachers of undergraduate courses, it has gradually 

expanded its scope to include more advanced knowledge 

for readers who wish to ‘dig deeper’. As a result, Modern 

Radiology covers also topics of the postgraduate levels 

of the European Training Curriculum for Radiology, thus 

addressing postgraduate educational needs of residents. 

In addition, it reflects feedback from medical professionals 

worldwide who wish to update their knowledge in specific 

areas of medical imaging and who have already appreci-

ated the depth and clarity of the ESR eBook across the 

basic and more advanced educational levels.

I would like to express my heartfelt thanks to all authors and 

to all translators who contributed their time and expertise 

to this voluntary, non-profit endeavour as well as to the 

ESR  Office and the ESR Graphics Department for their 

support.

Modern Radiology embodies a collaborative spirit and 

unwavering commitment to this fascinating medical disci-

pline which is indispensable for modern patient care. I hope 

that this educational tool may encourage curiosity and crit-

ical thinking, contributing to the appreciation of the art and 

science of radiology across Europe and beyond.

 
Minerva Becker, Editor 
Professor of Radiology, University of Geneva, Switzerland 
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the licensor endorses you or your use.
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tribute the modified material.

How to cite this work:

European Society of Radiology,  
Emmanouil Koltsakis, Georgios Kalarakis,  
editors: Fabian Amberg-Sandor, Ida Blystad (2026) 
ESR Modern Radiology eBook: 

	/ Neurointervention.  
DOI 10.26044/esr-modern-radiology-31

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/?ref=chooser-v1
https://creativecommons.org/licenses/by-nc-nd/4.0/?ref=chooser-v1
https://creativecommons.org/licenses/by-nc-nd/4.0/?ref=chooser-v1
https://creativecommons.org/licenses/by-nc-nd/4.0/?ref=chooser-v1
https://creativecommons.org/licenses/by-nc-nd/4.0/?ref=chooser-v1


/ Neuro- 
intervention

4

C H A P T E R  O U T L I N E :

Introduction

Basic Principles

Anatomy

Diseases

Take-Home Messages 

References

Test Your Knowledge

	/ Signage

<•>	 C O R E  K N O W L E D G E

>•<	 F U R T H E R  K N O W L E D G E

<!>	 AT T E N T I O N

>|<	 C O M PA R E

<?>	 Q U E S T I O N S

<↑>	 H Y P E R L I N K S

<∞>	 R E F E R E N C E S



/ Neuro- 
intervention

5

C H A P T E R  O U T L I N E :

Introduction

Basic Principles

Anatomy

Diseases

Take-Home Messages 

References

Test Your Knowledge

Based on  
the ESR  
Curriculum for  
Radiological  
Education

Neuro- 
intervention
A U T H O R S

Emmanouil Koltsakis 1,2 | Georgios Kalarakis 3

E D I T O R S

Editor: Fabian Arnberg-Sandor 3 | Co-editor: Ida Blystad 1,4

A F F I L I A T I O N

1)	 Department of Radiology Linköping, Region Östergötland, Sweden  
2)	 Karolinska Institute, Department of Clinical Science, Intervention and Technology, Huddinge, Sweden  
3)	 Karolinska University Hospital Department of Neuroradiology and Neurointervention, Stockholm, Sweden  
4)	 Department of Health, Medicine, and Caring Sciences, Linköping University, Sweden



/ Neuro- 
intervention

6

C H A P T E R  O U T L I N E :

Introduction

Basic Principles

Anatomy

Diseases

Take-Home Messages 

References

Test Your Knowledge

	/ Chapter Outline
	/ Introduction

	/ What is Interventional Neuroradiology (INR)?

	/ Basic Principles
	/ Principles of Neuroangiography
	/ The Angio Suite Layout
	/ Vascular Access and Catheter Systems in INR
	/ Devices in INR
	/ Embolic Materials

	/ Anatomy
	/ Aortic Arch and Common Variants
	/ Common Carotid Artery, External Carotid Artery, 

and Internal Carotid Artery (CCA, ECA and ICA)
	/ External Carotid Artery (ECA)
	/ Internal Carotid Artery (ICA)
	/ Vertebral Artery (VA)
	/ Circle of Willis
	/ Anterior Circulation
	/ Posterior Circulation
	/ Short Case Break
	/ Cerebral Venous Anatomy

	/ Diseases 
	/ Ischemic Stroke
	/ Carotid Disease
	/ Differential diagnosis of non traumatic ICH
	/ Aneurysms
	/ Cerebral Vascular Malformations
	/ Arteriovenous Malformations (AVMs) 
	/ Dural Arteriovenous Fistulas (AVFs) 
	/ Other Vascular Malformations
	/ Chronic Subdural Hematomas 
	/ Cerebrospinal Fluid-venous Fistulas

	/ Take-Home Messages

	/ References and Further Reading 

	/ Test Your Knowledge



/ Neuro- 
intervention

C H A P T E R  O U T L I N E :

Introduction

Basic Principles

Anatomy

Diseases

Take-Home Messages 

References

Test Your Knowledge

7

	/ Introduction



8

<•>	 C O R E  K N O W L E D G E

/ Neuro- 
intervention

C H A P T E R  O U T L I N E :

Introduction

Basic Principles

Anatomy

Diseases

Take-Home Messages 

References

Test Your Knowledge

	/ Message from the Authors

This chapter introduces the essentials 
of neurointervention, focusing on 
normal neuroangiography, common 
neurovascular conditions and key points 
that general radiologists should be able 
to recognise and report.

Before continuing, we recommend 
revisiting the chapters on the Central 
Nervous System, Interventional 
Radiology, and Radiation Biology and 
Protection, as they provide useful 
context for several concepts discussed 
here.

Our goal is to offer a clear and 
accessible overview of modern 
neurointerventional practice through 
explanations of core imaging 
techniques, endovascular tools, 
procedural fundamentals, and illustrative 
clinical examples.

We hope you enjoy this chapter.
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	/ What is Interventional Neuroradiology (INR)?

Interventional neuroradiology (INR) is a subspe-
cialty of radiology that employs imaging guidance 
to perform minimally invasive procedures for diag-
nosing and treating a broad spectrum of central 
nervous system diseases (brain, head & neck, and 
spine). It is sometimes called endovascular neu-
rosurgery or neurointerventional surgery.

These image-guided treatments have revolutionized 
neurovascular disease management. Procedures are 
done through small catheters in blood vessels (often 
starting in the groin or wrist) effectively accessing 
neurovascular pathology via the carotid and vertebral 
arteries. Compared to open neurosurgery, endo-
vascular access typically means lower risk, shorter 
hospital stays, and faster recovery for patients.

INR uses similar techniques to peripheral interventional 
radiology but often requires specialized equipment 
and additional training due to the complexity of the 

central nervous system. This chapter will focus on the 
most common and rapidly emerging INR procedures.

Conditions Treated in INR

	/ Cerebrovascular Occlusive Disease

	/ Acute Ischemic Stroke
	/ Carotid and Vertebral artery stenosis

	/ Cerebral Aneurysms

	/ Cerebral and Spinal Vascular Malformations

	/ Extra-axial Vascular Lesions

	/ Chronic Subdural Hematomas
	/ Hypervascular Tumors
	/ Epistaxis

	/ CSF and Venous Disorders

	/ CSF-Venous Fistulas, Dural Leaks
	/ Venous Sinus Stenosis



	/ Principles of Imaging in Neurointervention

Digital Subtraction angiography (DSA) and Cone 
Beam CT (CBCT) are gold standard modalities for 
neurovascular imaging and are employed in cathe-
ter angiography and neurointervention. Compared 
to other modalities, DSA and CBCT offer superior 
spatial resolution and dynamic assessment of vas-
cular anatomy during intra-arterial contrast injection.

Catheter angiography is accompanied by 1% overall 
complication rate, related to access site (hematoma, 
arteriovenous fistula formation, pseudoaneurysm, 
infection), the use of iodinated contrast media (aller-
gic reaction, kidney injury) or vascular and neuro-
logical complications (vessel occlusion, dissection 
or perforation, iatrogenic stroke). Although radiation 
risks are generally outweighed by the clinical ben-
efit, cumulative exposure remains an important 
consideration during prolonged interventions.
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GRAPHY

ULTRA­
SOUND



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
SA works by subtracting a first unenhanced image from all images after intra arte-
rial contrast injection. Resulting images visualise the vessel lumen.

A frontal and lateral plane (biplane) are acquired simultaneously and synced when reviewing the procedure. 

DSA allows to follow the passage of contrast media through arterial, capillary, and venous phases allowing visualisation of 
anatomy and flow dynamics. This becomes relevant in pathologies involving arteriovenous shunts, or for the assessment 
of collateral circulation in stroke. The film above shows a selective angiography of the right internal carotid artery (ICA). 12
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>  P L AY  V I D E O

https://www.myesr.org/neuro-intervention-page-12


Flow-related phenomena are evi-
dent in all cerebral angiograms.

Look at the image on the top left. 
Why is part of the cerebellum 
missing in this left sided verte-
bral artery injection (arrow)?

The missing vascular territory 
belongs to the right posterior 
inferior cerebellar artery (PICA) 
arising from the right vertebral 
artery which is not opacified 
with contrast. The same phe-
nomenon on the contralateral 
side is evident after a right 
sided injection (arrowhead). 

Knowledge of vascular anatomy, 
anatomical variants and flow 
dynamics is important when 
interpreting cerebral angiograms.

13

<•>	 C O R E  K N O W L E D G E

/ Neuro- 
intervention

C H A P T E R  O U T L I N E :

Introduction

Basic Principles

/	 Principles of 
Neurointervention

Anatomy

Diseases

Take-Home Messages 

References

Test Your Knowledge



A CBCT is acquired by rotating the gantry 120-180° 
around the patient. The image is reconstructed into thin 
slices that can be reformatted in all planes. CBCTs allow 

the visualisation of tiny vascular structures like the lentic-
ulostriate arteries or the retinal artery in the figure below.
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Lenticulostriate 
arteries

Retinal artery
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	/ The Angio Suite Layout

A modern INR angio suite includes 
a biplane imaging system for 
high-resolution fluoroscopy, 
monitors for image guidance, and 
a power injector for controlled 
contrast delivery. While diagnostic 
procedures can be performed 
under local anaesthesia, most 
therapeutic interventions require 
general anaesthesia to minimise 
motion and patient discomfort, 
supported by an integrated 
workstation. Ultrasound assists 
vascular access, while lead pro-
tection and other safety equipment 
are positioned throughout the 
room to ensure radiation safety.
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Ultrasound for 
vascular access

Lead apron for 
radiation protection

Biplane imaging 
system

Monitor for image 
guidance

integrated anaesthesia 
workstation

Power Injector



	/ Vascular Access and Catheter Systems in INR

Vascular access in neurointerven-
tion is typically obtained through 
the common femoral or radial 
artery using the Seldinger tech-
nique. After placing an introducer 
sheath (a), catheters are advanced 
under fluoroscopic guidance 
toward the cerebral circulation. A 
coaxial system is used to provide 
stability: a long guiding sheath 

or balloon guide catheter (b) is 
positioned proximally, an inter-
mediate / aspiration catheter 
(c)  is advanced distally, and a 
microcatheter–microwire (d) pair 
is navigated into the target vessel 
allowing the controlled delivery of 
devices and materials such as the 
stent retriever (e) in the thrombec-
tomy setup illustrated on the below.
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(a)(b)

(c)(d)

Proximal

Distal

(e)

(a)(b)
Proximal



The proximal part of the system includes Y-connectors, 
which allow simultaneous catheter access, con-
trast injection and device manipulation. A contin-
uous saline flush (dotted arrows) is maintained 

to prevent clot formation within the catheters. 
Syringes are attached at the various stages for con-
trast delivery, balloon inflation, and aspiration.
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a. Introducer

b. Balloon guide catheter

c. Aspiration catheter

“Y” connectors 

d. Microcatheter
e. Stent retriever 

/ guide wire

Balloon Inflation 
syringe

Aspiration 
Syringes
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	/ Devices in INR

A variety of devices are used in neurointervention, each 
designed for a specific purpose. Coils (A) are used to fill 
an aneurysm from the inside or to intentionally block a 
vessel. Balloons (B) can be temporarily inflated to stop 
blood flow or to support the placement of coils. Stents 
(C) are used to reconstruct or reinforce a vessel wall or 
act as scaffolds to hold coils in place. A more densely 
braided type of stent, called a flow diverter (D), redi-
rects blood along the main vessel so that the aneurysm 

gradually seals off on its own. Intrasaccular devices (E) 
are a newer option that sit entirely inside the aneurysm 
and offer a simple, targeted way to treat selected cases.

>|<  C O M PA R E

<∞>  R E F E R E N C E

>	 See also chapter on 
Interventional Radiology  
in this eBook. 
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	/ Embolic Materials

Particles (e.g., PVA particles, 
calibrated microspheres) are used 
for distal embolisation in tumour 
devascularisation, epistaxis, and 
selected dural fistulas, producing 
controlled arteriolar occlusion 
based on particle size and flow.

Liquid embolics include adhesive 
agents such as NBCA glue, which 
undergo rapid polymerisation on 
contact with blood (modulated by 
ethiodized oil), and non-adhesive 
agents like Onyx, Squid, or PHIL, 
which solidify gradually and permit 
deeper, more controlled penetra-
tion. These agents are central to 
the treatment of high-flow lesions 
requiring permanent occlusion.

>|<  C O M PA R E

Selection of embolic agents used in neurointervention: microspheres (A), adhesive glues (B), and a non-
adhesive liquid embolic (C)

A

B C
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	/ Aortic Arch and Common Variants

Knowledge of cervicocerebral vascular anatomy 
is essential in INR, as aortic arch configuration 
directly affects catheter access and stability. 

The arch normally gives rise to the brachiocephalic 
trunk, left common carotid, and left subclavian artery, 
but variants are common. The most frequent is the 
bovine arch, where the left common carotid shares a 
common origin with the brachiocephalic trunk. Other 
variants include a high or elongated arch and anoma-
lous origins of the vertebral and subclavian arteries.

3D reconstruction (left) of CT arteriography showing the classic aortic arch 
configuration. Coronal MIP (right) showing a Bovine aortic arch.
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	/ Common, External and Internal Carotid Arteries 
(CCA, ECA and ICA)

The common carotid artery (CCA) typically bifur-
cates at the level of C3–C4 into the internal (ICA) and 
external carotid artery (ECA). As a rule of thumb the 
cervical ICA ascends without giving off branches.

In contrast, the ECA gives rise to numerous branches 
which can be identified by their characteristic 
course toward the structures they supply. Several 
of these are key targets in neurointervention, such 
as the middle meningeal artery (chronic subdural 
hematoma embolisation), sphenopalatine artery 
(epistaxis), and occipital or ascending pharyngeal 
arteries (dural arteriovenous fistula embolisation). 

Because the ECA forms dangerous anastomo-
ses with the ophthalmic artery and intracranial 
circulation, careful angiographic assessment is 
required to prevent non-target embolisation.
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	/ External Carotid Artery (ECA)
The ECA provides significant dural supply, which 
becomes particularly evident in hypervascular extra-ax-
ial tumours such as meningiomas. In the example below, 
a left ECA injection demonstrates a convexity meningi-
oma predominantly supplied by the middle meningeal 

artery (MMA), with additional transosseous dural 
branches from the occipital and superficial temporal 
arteries. These vessels commonly serve as safe and 
effective embolisation targets prior to surgical resection.

MMA

STA

MMA

Int. Maxillary

Occipital art.

Left ECA 
Frontal

Left ECA 
lateral

Occipital art.

Left: coronal T1 with intravenous contrast. Convexity meningioma (circle). Middle and Right: Cerebral angiography of the same patient showing the supply from Middle 
Meningeal Artery (MMA), Superficial Temporal Artery (STA) and occipital artery. 
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	/ Internal Carotid Artery (ICA)

Distal to the cervical segment (C1), the internal 
carotid artery (ICA) enters the skull base at the 
carotid canal, continuing through the petrous 
(C2), lacerum (C3), cavernous (C4), clinoid (C5), 
ophthalmic (C6), and communicating (C7) seg-
ments. Small skull base branches arise mainly from 
the petrous and cavernous segments, while the 
major intracranial branches originate more distally: 
the ophthalmic artery from C6, and the poste-
rior communicating, anterior choroidal, anterior 
cerebral, and middle cerebral arteries from C7.

Angiography of right ICA (above) and 3D reconstruction of CT angiography 
(below) of a patient with an extradural ICA aneurysm.
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	/ Internal Carotid Artery (ICA)

It is noteworthy that the distal dural ring (DDR) marks 
the boundary between extradural and intradural 
segments and is located at the level between the 
cavernous and the clinoid segments. Extradural 
aneurysms are typically managed conservatively, 
whereas intradural aneurysms usually require 
active treatment due to their higher risk of rupture.

 
Anatomic illustration (above) of ICA showing the 
intracavernous segment of ICA, the proximal (PDR) 
and distal dural ring (DDR), and two aneurysms 
(1 and 2) that require different management.

3D reconstruction of right carotid CBCT (left) 
showing the indentation caused by the DDR 
(arrow) in a giant paraclinoid aneurysm.

MEDIAL LATERAL
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	/ Vertebral Artery (VA)

The vertebral artery (VA) originates 
from the subclavian artery and ascends 
through four segments before joining its 
counterpart to form the basilar artery. 
The V1 (pre-foraminal) segment extends 
from its origin to the entry into the trans-
verse foramen, most commonly at C6. 
The V2 (foraminal) segment courses 
vertically through the transverse foram-
ina from C6 to C2. At C2, the artery 
enters the V3 (extradural) segment, 
looping around the atlas and passing 
through the dura at the atlanto-occipital 
junction. The V4 (intradural) segment 
begins after dural entry and gives rise 
to important branches, including the 
posterior inferior cerebellar artery 
(PICA) and the anterior spinal artery, 
before contributing to the basilar artery.

V1

V2

V3

V4



Vertebral artery dominance is frequent, with one 
VA supplying the majority of basilar inflow. When a 
vertebral artery appears small, it is important to dis-
tinguish congenital hypoplasia from dissection: 
a hypoplastic VA is consistently narrow along its 
course and is accompanied by a small transverse 

foramen, whereas a dissected VA 
shows abrupt calibre change, mural 
irregularity, or a tapered “flame-
shaped” occlusion with a normal-sized foramen.
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>|<  C O M PA R E

a b c

Axial CTA (a) demonstrates right vertebral dominance with a congenitally small left transverse foramen; 3D reconstruction (b) shows the left vertebral artery terminating 
as PICA (arrow); and axial CTA  (c) from a different patient illustrates a left vertebral artery dissection.

b
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	/ Circle of Willis

The Circle of Willis is an arterial ring at the base 
of the brain formed by the intracranial carotid and 
vertebrobasilar systems. It consists of the ante-
rior cerebral arteries (ACA) connected by the 
anterior communicating artery (ACom), and the 
posterior cerebral arteries (PCA) connected 
to the internal carotid arteries via the posterior 
communicating arteries (PCom). In its com-
plete form, it provides robust collateral pathways 
between the anterior and posterior circulations.

Variants are extremely common. The most frequent 
include hypoplastic or absent PCom, fetal-type 
PCA (PCA supplied predominantly by the ICA), and 
asymmetry or duplication of the ACom or ACA 
A1 segments. These patterns influence collateral 
capacity, stroke distribution, aneurysm formation, and 
the feasibility of certain endovascular treatments.

PCom

MCA

ACom

PCA

ACA

Axial time of flight MR angiography at the level of the Circle of Willis (yellow 
circle) of a patient with a left occipital arteriovenous malformation (arrowheads)
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	/ Anterior Circulation

The anterior circulation 
includes the ACA and MCA, 
supplying the medial and 
lateral hemispheres respec-
tively. The ACA continues 
distally as the pericallosal 
and callosomarginal arteries, 
while the MCA gives off frontal, 
parietal, and temporal cortical 
branches. Deep territories are 
supplied by the lenticulostriate 
arteries (*) from the M1 and 
A1 segment and the anterior 
choroidal artery arising near 
the MCA origin. On the left 
a right ICA angiography of a 
patient with an ACom aneu-
rysm (arrowhead). Notice how 
MCA cortical branches and distal ACA 
territory overlap on the lateral plane.

A2

M2 
frontal

Pericallosal art

Ophthalmic art

M2 
parietal

Callosomarginal art

ICA dx 
Lateral

A3

A4

A temporal 
art

M2

M3

MCA ACA

M1

M4

A choroidal 
art

A1

ICA dx 
Frontal

*
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	/ Posterior Circulation

The posterior circulation originates from the ver-
tebral arteries (V4), which join to form the basilar 
artery (BA). Key branches include the posterior 
inferior cerebellar artery (PICA), anterior inferior 
cerebellar artery (AICA), superior cerebellar artery 

(SCA), and the PCA. The PCA supplies the occipital 
lobes and inferior temporal regions, while the cere-
bellar arteries supply the corresponding cerebellar 
territories. Above, a right vertebral angiography of a 
patient with a PCA dissecting aneurysm (circle).

PICA

PCA

PICA
AICA

SCA

PCOMPCA

SCA

AICA

BA
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	/ Short Case Break

A 70-year-old patient presented with dizziness, diplopia, and progres-
sive decreased consciousness. Imaging demonstrated a right P1 sub-
occlusion—shown on the 3D reconstruction (a) and the axial MIP CTA 
(b)—with corresponding bithalamic hypoperfusion on CT perfusion 
Tmax (c) at the time of presentation. Despite thrombolysis and throm-
bectomy, follow-up DWI MRI (d) revealed bilateral thalamic infarcts. 
How can a unilateral P1 lesion produce bilateral thalamic injury?

a b

c

da b

<?>  Q U E S T I O N
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	/ Short Case Break

The explanation lies in the P1 perforators (arrows 
on the CBCT frontal and lateral projections below, 
obtained after right vertebral artery injection), which 
supply the paramedian thalami and rostral midbrain. 
In the artery of Percheron variant, a single perforator 
arises from one P1 segment to supply the thalami; 

thus, occlusion of this solitary trunk results in bitha-
lamic infarction, as seen in the previous case.

In the posterior circulation perforators originate from 
the basilar artery (*), proximal cerebellar arteries, 
and V4 segments supplying the brainstem. Injury to 

these vessels can produce 
severe deficits due to the 
compact organisation of 
vital pathways. Also note 
the V4 contribution to 
the anterior spinal artery 
(ASA) (arrowheads). In the 
circle, a partially treated 
left PCA aneurysm.

<?>  Q U E S T I O N

**
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	/ Cerebral Venous Anatomy

The cerebral venous system is divided into 
deep and superficial components that drain 
into the dural venous sinuses, ultimately con-
verging at the internal jugular veins and verte-
bral venous plexus (CT angiography below). 

The superficial 
system drains 
the cortex via 
cortical veins, 
including the 
vein of Trolard, 
vein of Labbé, 
and other anas-
tomotic veins, 
which empty 
into the dural 
sinuses along 
the convexity.

The deep system converges around the vein 
of Galen, where the internal cerebral veins and 
basal veins of Rosenthal join before entering 
the straight sinus. The deep system serves as 
a drainage pathway for midline structures.

Superior 
sagittal sinus

Inferior 
sagittal sinus

Straight 
sinus

Confluence

Vein of 
Galen

Vein of 
Rosenthal 

Internal 
cerebral veins

Cortical veins
Internal 
cerebral vein

Vein of 
Galen

Straight 
Sinus

Transvers
e sinus Confluence

Vein of 
Rosenthal
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	/ Cerebral Venous Anatomy

The dural 
sinuses—including 
the superior sagit-
tal, straight, trans-
verse, sigmoid, 
and cavernous 
sinuses—form rigid 
drainage chan-
nels that empty 
into the internal 
jugular veins or 
paravertebral-ve-
nous pathways. 
Venous drainage 
patterns influence 
management 
in several conditions and can serve as effective 
access routes in neurointervention, Above a DSA 
in the venous phase following right ICA injection. 

Notice the veins of Trolard and Labbé, which are 
difficult to appreciate on CT angiography.

ICA sin 
Frontal

ICA sin 
Lateral

Transverse 
sinus

Sigmoid sinus

Superior 
sagittal sinus

Cavernous sinus

Cavernous sinus

Inferior petrosal sinus

Internal Jugular Vein

Vein of 
Labbé

Sigmoid Sinus

Sphenoparietal 
sinus

Superior sagittal sinus

Internal 
cerebral vein

Vein of 
Trolard 

Straight 
sinus

Confluence

Vein of 
Galen
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	/ Ischemic Stroke - Pathophysiology

Ischemic stroke is a major cause of morbidity and 
mortality worldwide, and outcome depends heavily 
on timely restoration of cerebral blood flow. When 
a vessel occludes, diminished perfusion creates an 
infarct core surrounded by penumbra, which remains 
viable only if supported by collateral circulation. The 
rate of infarct progression is shaped by clot location, 
collateral quality, systemic perfusion, and time. 

The angiograms on the right illustrate two patients with 
the same M1 occlusion but very different collateral 
patterns. On the left, strong leptomeningeal collater-
als from the anterior cerebral artery preserved tissue, 
enabling a longer treatment window and resulting in a 
small infarct and excellent recovery after recanalisa-
tion. On the right, absence of collaterals led to early 

ischemic changes on CT and a large infarct despite 
reperfusion, providing only limited long-term benefit.

<↑>  H Y P E R L I N K

(Learn more → Stroke Pathophysiology)

Case courtesy Prof. P. Papanagiotou, Department of Radiology, Areteion 
University Hospital, National and Kapodistrian University of Athens, Greece.

https://www.ncbi.nlm.nih.gov/books/NBK499997/#article-23776.s5
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	/ Ischemic Stroke - Management

Management of ischemic stroke follows a coordinated chain with each step aimed 
at restoring cerebral blood flow as quickly and safely as possible.

Suspected stroke is first recognised using simple 
neurological screening tools (e.g., FAST/BEFAST), 
and increasingly with large vessel occlusion 
(LVO)-oriented scales that help identify patients 
likely to benefit from thrombectomy. Patients are 
routed either directly to a thrombectomy-capable 
centre (“mothership”) or first to the nearest stroke 
unit (“drip-and-ship”), depending on local logis-
tics and likelihood of large-vessel occlusion.

On arrival in the emergency department, clinical assess-
ment (including NIHSS), basic stabilisation, and point-
of-care tests run in parallel with preparation for imaging. 
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	/ Ischemic Stroke - Imaging
Imaging begins with an immediate non-contrast CT to 
exclude haemorrhage and assess for early ischemic 
change. This is followed by CT angiography from aortic 
arch to vertex to identify large-vessel occlusion and 
evaluate cervical and intracranial vasculature. In uncer-
tain onset or extended 
time windows, CT perfu-
sion (or diffusion–perfu-
sion MRI where avail-
able) helps differentiate 
infarct core from penum-
bra, guiding eligibility for 
reperfusion therapies. 

Case example:

A 75-year-old patient 
presented late with new 
right-sided hemiplegia. 

The axial non-con-
trast CT (left) shows 
a dense vessel sign 

(arrow) with surrounding manifest infarct in the left MCA 
territory. The coronal MIP CTA (right) confirms a left 
carotid siphon occlusion (arrow), explaining the infarct 
location and the clinical deficit.  Left ACA circulation 
is maintained via the anterior communicating artery.
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	/ IMS-3, 
SYNTHESIS, MR 
RESCUE

	/ No clear benefit of 
EVT vs IVT or best 
medical care

	/ MR CLEAN, 
Escape, Extend 
IA, SWIFT-PRIME, 
REVASCAT

	/ Stent-retriever 
EVT ≤6 h → clear 
functional benefit; 
establishes EVT as 
standard of care.

	/ HERMES

	/ Meta-analysis: IVT 
alone vs EVT + IVT 

	/ mRS 0-2: 26,5% 
vs 46%

	/ NNT (EVT) 2.6 

	/ DAWN:

	/ EVT 6–24 
h, clin– core 
mismatchmRS 
0-2: 49% vs 13%

	/ DEFUSE 3: 

	/ EVT 6-16 h, 
perfusion 
mismatchmRS 
0-2: 45% vs 17%

	/ RESCUE-Japan 
LIMIT, ANGEL-
ASPECT, SELECT 
2, TENSION, 
TESLA, LASTE

	/ Support EVT in 
large-core stroke

	/ ↑ hemorrhagic 
transformation but 
similar symptomatic 
ICH; overall better 
functional outcomes.

	/ ESCAPE-
MeVO,DISTAL

	/ No clear benefit 
of EVT in MeVO 
- DVO

	/ PEARL

	/ Supports 
Intra-arterial 
thrombolysis 
after mechanical 
ThrombectomyEVT: Endovascular thrombectomy, IVT: Intravenous thrombolysis, mRS: modified 

Rankin Score, NNT: Number Needed to Treat

Ischemic Stroke - Milestone Trials

The figure illustrates the evolution of EVT, from early 
neutral trials to the strong positive evidence of 2015–
2016, followed by expansion into late time windows and, 
more recently, large-core stroke. EVT is now firmly 
established for anterior-circulation large-vessel occlu-
sion (LVO), including the ICA terminus and M1 segment.

Beyond this core indication, evidence is still evolving. 
For basilar artery occlusion, recent trials (ATTEN-
TION, BAOCHE) now support EVT. In medium and 

distal vessel occlusions (MeVO/DVO)—such as M2/

M3, ACA, and PCA branches—recent trials (ESCAPE-
MeVO, DISTAL) have not shown clear benefit over 
medical therapy, leaving these indications unresolved.

Emerging directions include intra-arterial throm-
bolysis after reperfusion (PEARL, TECNO), 
EVT in low-NIHSS LVO, and strategies guided 
by clot composition or neuroprotection, out-
lining the next phase of stroke intervention.

>|<  C O M PA R E

2013	 2015	 2016	 2018	 2022-2024	 2025
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	/ Ischemic Stroke - Endovascular Treatment

Once imaging excludes hemorrhage, IV throm-
bolysis is given immediately in eligible patients 
and when appropriate, the patient proceeds to 
the angio suite, where anaesthesia — conscious 
sedation or general—is 
selected according 
to patient stability 
and local workflow. 

After femoral or radial 
access, the thrombec-
tomy catheter system 
is advanced into the 
internal carotid or 
vertebral artery, and the 
occlusion is confirmed 
on DSA. Depending 
on vessel anatomy 
and clot characteris-
tics, the operator may 
use a stent-retriever, 

direct aspiration, or a combined technique, 
often supported by balloon-guide or distal 
access catheters. Click on the image to see how 
an uncomplicated EVT procedure unfolds.

>  P L AY  V I D E O

https://www.myesr.org/neuro-intervention-page-40
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	/ Ischemic Stroke - Challenges During 
Endovascular Treatment

Although most thrombectomy procedures are predict-
able, certain findings may require rapid adaptation.

Intracranial atherosclerotic disease can appear 
as a fixed stenosis or resistant thrombus; man-
agement includes balloon angioplasty (PTA), 
or rescue stenting to restore stable flow. 

Tandem lesions (a combined cervical ICA lesion 
and intracranial occlusion) are approached by 
treating the intracranial occlusion first, then address-
ing the cervical stenosis to secure outflow. 

Dissections, whether pre-existing or iatro-
genic, demand careful navigation within the 
true lumen and may require acute stent-
ing if flow becomes compromised. 

Rarely, vessel perforation can occur; immediate 
flow arrest, reversal of anticoagulation, and targeted 

embolisation 
are used 
to stabilise 
the situation 
and pro-
ceed safely.

On the 
right, CT 
angiogra-
phy shows 
a partial M1 
occlusion 
(arrow) in 
a 64-year-
old man 
present-
ing with left-sided symptoms. Click 
the button to watch the procedure. >  P L AY  V I D E O

https://www.myesr.org/neuro-intervention-page-41
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	/ Ischemic Stroke - mTICI Score

At the end of the procedure, a final angiographic 
run is performed to confirm vessel patency and 
assess the degree of reperfusion using the modified 
Thrombolysis in Cerebral infarction (mTICI) scale. 

>|<  C O M PA R E

M T I C I  G R A D E S D E F I N I T I O N S

Grade 0/1 No perfusion or only minimal distal 
penetration without territory filling

Grade 2A Partial reperfusion with <50% of the 
affected territory opacified.

Grade 2B Substantial reperfusion with ≥50% of 
the territory opacified.

Grade 2C Near-complete reperfusion with 
only slow flow or a few distal cortical 
emboli.

Grade 3 Complete reperfusion with full 
opacification of all distal branches.

Lateral DSA after right M1 thrombectomy demonstrates substantial, but not 
complete, reperfusion of the right MCA territory (mTICI 2b). Note the wedge-
shaped regions lacking parenchymal blush between the marked lines, indicating 
residual distal perfusion deficits.
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	/ Ischemic Stroke - Post-operative Care
Following reperfusion, the patient is transferred to a 
monitored stroke or neuro-ICU setting for close obser-
vation. Early care focuses on neurological assess-
ment, blood pressure control, and management of 
reperfusion-related changes, while also monitoring the 
puncture site for bleeding or haematoma. A 24-hour 
follow-up CT or MRI is performed to assess infarct 
extent and exclude haemorrhagic transformation. 

Antithrombotic therapy is initiated according to the 
underlying stroke mechanism, and mobilisation, and 
rehabilitation begin as soon as clinically appropriate.

Blood–brain barrier injury in infarct can cause con-
trast leakage during EVT that mimics haemorrhage 
on standard CT. Dual Energy CT help distinguish the 
two. On the non-enhanced CT (left) 24h post EVT  

the right MCA territory 
appears hyperdense. 
The Virtual non-con-
trast (VNC) map shows 
a focal hyperdensity 
confirming haemor-
rhage. The iodine map 
outlines the extent of 
contrast leakage.

Case courtesy Fredrik Ståhl 
Department of Neuroradiology, 
Karolinska University Hospital, 
Stockholm, Sweden
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	/ Carotid Disease - Overview
Carotid pathology encompasses a range 
of conditions that can impair cerebral per-
fusion or produce emboli, causing tran-
sient ischemic events or stroke.

Atherosclerosis is the most common 
carotid pathology, with plaque formation 
typically at the carotid bulb or proximal 
ICA. Progressive narrowing may result 
in subtotal stenosis with a thin resid-
ual lumen, or true occlusion when flow 
is completely lost. Pseudo-occlusion 
describes the false appearance of cervi-
cal ICA occlusion on CTA caused by slow 
flow from a distal intracranial blockage.

Carotid dissection arises from an inti-
mal tear and intramural haematoma 
forming a false lumen. It often creates 
a tapered “flame-shaped” stenosis and 
can cause embolic or haemodynamic 
stroke, particularly in younger patients.

A carotid web is a thin, shelf-like projection at the posterior 
carotid bulb that disturbs flow and promotes thrombus for-
mation. Though subtle on imaging, it is a recognised cause 
of recurrent embolic stroke in otherwise healthy individuals.

Atherosclerosis most 
often at bulbus level

Subtotal stenosis 

Thin lumen

Total occlusion 

Flame shaped with 
bulbus sparing

Contrast with curly 
configuration

Waterpaint contrast 
aspect due to stagnant  
blood column  in the 
distal ICA

Pseudo-occlusion of the 
internal carotid artery  (ICA) Carotid web Dissection



45

<•>	 C O R E  K N O W L E D G E

/ Neuro- 
intervention

C H A P T E R  O U T L I N E :

Introduction

Basic Principles

Anatomy

Diseases

/	 Carotid disease

Take-Home Messages 

References

Test Your Knowledge

	/ Atherosclerotic Carotid Disease - Diagnosis
Atherosclerotic carotid disease is screened with 
duplex ultrasound, assessing plaque morphology 
and estimating stenosis using flow velocities. CTA 
and MRA provide lumen and plaque evaluation, 
detect tandem lesions or intracranial extension, and 
show contralateral carotid artery and circle of Willis 
status. DSA is reserved for planned intervention. 

On CTA, the stenosis grade is calculated using the 
NASCET (North American Symptomatic Carotid End-
arterectomy Trial) formula, where the minimal lumen 
(a, figure on the right) is measured perpendicular to 
the vessel’s long axis (green line) and compared with 
the normal ICA diameter distal to the lesion (b).

NASCET formula

Stenosis diameter (a)
Distal ICA diameter (b)

x 1001 -a

b

(a) measured perpendicular  to the vessel  long axis
(b) measured at about 6 cm distal to the stenosis

The image on the left shows a significant right ICA stenosis in a patient with 
transient ischemic attacks. The Doppler spectrum demonstrates pansystolic 
spectral broadening (highlighted in red) and a peak systolic velocity (PSV) above 
2.7 m/s, consistent with a >70% stenosis. Click on the image to watch a short 
colour-Doppler acquisition clip. For more information on ultrasound imaging criteria 
click here.

>  P L AY  V I D E O

https://radiopaedia.org/articles/internal-carotid-artery-stenosis-classification?lang=gb
https://www.myesr.org/neuro-intervention-page-45


On the image above, a lateral DSA of a patient with symptomatic right ICA 
stenosis (a), followed by stent deployment across the lesion (b, c). Click the 
button to watch a similar procedure in a patient with a complete ICA occlusion.

Case courtesy Åsa Kuntze Söderqvist, Karolinska University Hospital, Stockholm, Sweden

	/ Atherosclerotic Carotid Disease - Management

Atherosclerotic carotid disease 
treatment is based on best medical 
therapy (antiplatelet, statin, risk-fac-
tor control), with revascularization 
(carotid endarterectomy - CEA 
or carotid artery stenting - CAS) 
reserved mainly for symptomatic 
high-grade stenosis and carefully 
selected asymptomatic patients.

Evidence from SAPPHIRE 
(high-risk patients) and CREST 
(standard-risk) showed CAS to 
be broadly non-inferior to CEA 
for major outcomes. CREST-2 
data indicate that adding carotid 
stenting to intensive medical 
therapy may lower stroke risk 
compared with medical ther-
apy alone, while surgery offers 
no clear additional benefit. 46
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https://www.myesr.org/neuro-intervention-page-46


47

<•>	 C O R E  K N O W L E D G E

/ Neuro- 
intervention

C H A P T E R  O U T L I N E :

Introduction

Basic Principles

Anatomy

Diseases

/	 Carotid disease

Take-Home Messages 

References

Test Your Knowledge

	/ Atherosclerotic Carotid Disease -  
Pseudo-occlusion

Carotid pseudo-occlusion refers to the false 
impression of cervical ICA occlusion on CTA, 
caused by slow flow from an intracranial ICA 
(carotid T-top) occlusion rather than true cer-
vical disease. Instead of an abrupt plaque-re-
lated cutoff, contrast shows a fading “water-
paint” pattern (arrows image on the left) along 
the cervical ICA. Notice the same phenom-
enon (between red lines, on the right) in 
another patient with chronic right CCA occlu-
sion (double arrow) due to a calcified plaque.

Pseudo-occlusion should be recognised 
early to avoid unnecessary cervical inter-
vention; treatment is directed at recanalizing 
the intracranial T-occlusion with mechanical 
thrombectomy, while the cervical ICA typically 
requires no stenting or endarterectomy.
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	/ Atherosclerotic Carotid Disease - Dissection

Carotid dissection results from an intimal 
tear with intramural haematoma, creating 
true and false lumens that may narrow or 
occlude the vessel. It typically presents with 
head or neck pain, partial Horner syndrome, 
or stroke from distal embolisation. CTA or 
MRA usually confirms the diagnosis by 
showing a tapered “flame-shaped” steno-
sis, mural haematoma, or a double lumen. 

Management is mainly medical with 
antithrombotic therapy for 3–6 months, 
during which most dissections heal 
or stabilise. Endovascular stenting is 
reserved for cases with persistent hae-
modynamic compromise, enlarging 
pseudoaneurysm, or recurrent emboli. a b c

a. DSA of the right ICA showing a dissection with luminal irregularity from the intramural haematoma 
b. Follow-up DSA demonstrating a stabilised lumen and improved flow after reconstruction;  
c. Unsubtracted image showing the stent extending from the petrous to the cervical ICA, fully covering the dissection.
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	/ Atherosclerotic Carotid Disease - Carotid Web 
and Fibromuscular Dysplasia

A carotid web (arrow, CTA on the left) is a 
thin, shelf-like projection at the carotid bulb 
that disturbs flow and promotes thrombus 
formation, often causing recurrent embolic 
stroke in younger patients. Management starts 
with antiplatelet therapy, with carotid endar-
terectomy considered in recurrent cases.

Fibromuscular dysplasia (FMD) is a non-ath-
erosclerotic arterial disorder producing the 
classic “string-of-beads” appearance. Renal 
involvement is common and may lead to 
renovascular hypertension. In the carotids, 
FMD (arrows, DSA on the right) increases 
the risk of spontaneous dissection, and the 
arteries are fragile during catheter manipula-
tion, requiring gentle technique. Treatment is 
predominantly conservative, centred on anti-
platelet therapy and blood-pressure control.

Case courtesy PD Dr. med. Christian Roth Head of Department of Diagnostic and Interventional 
Neuroradiology Klinikum Bremen Mitte/Ost
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	/ Intracranial Aneurysms - Overview

Intracranial aneurysms are found incidentally in ≈2–3% 
of the population. Their morphology reflects the under-
lying pathophysiology and guides their management.

Saccular aneurysms are the most common type 
(≈85–90%). They arise at arterial bifurcations 
exposed to high haemodynamic stress and typ-
ically involve proximal Circle of Willis branches.

Fusiform aneurysms consist of circum-
ferential, elongated vessel dilatation with-
out a discrete neck. Ectasia describes a 
milder, uniform enlargement of an arte-
rial segment. Both are most frequently 
seen in the vertebrobasilar system.

Dissecting aneurysms result from a wall 
tear with intramural haematoma or pseu-
doaneurysm formation. When located on 
the supraclinoid ICA, they are sometimes 
called blister aneurysm and carry a high 
rupture risk requiring early treatment.

Mycotic aneurysms, the least common subtype, arise sec-
ondary to infections such as endocarditis. They often involve 
distal arterial branches and may be multiple, with manage-
ment focused primarily on controlling the underlying infection.

>|<  C O M PA R E
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a

bImage b: Case 
courtesy  of 
Dr med. Maria 
Alexandrou, 
Diagnostic and 
Interventional 
Neuroradiology 
Klinikum 
Bremen Mitte/
Ost

	/ Aneurysm Location and SAH Patterns
Most intradural aneurysms can rupture and cause 
subarachnoid haemorrhage (SAH) . They cluster around 
the main branch points of the Circle of Willis, as shown 
in the figure below.

Aneurysm rupture produces characteristic SAH 
patterns: ACom aneurysms fill the interhemispheric 
fissure and anterior basal cisterns (image a); PCom 
aneurysms often cause blood in the suprasellar cistern; 
MCA bifurcation aneurysms produce focal Sylvian 
fissure haemorrhage; and basilar tip aneurysms result in 
prepontine and per-
imesencephalic SAH 
with posterior fossa 
extension (image b)
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	/ Differential Diagnosis of Intracerebral 
Haemorrhage

Apart from aneurysms, non-traumatic intracerebral 
haemorrhage (ICH) can result from various macro-
vascular disorders. Several of these conditions are 
amenable to neurointerventional treatment (*). 

Depending on aetiology, ICH displays charac-
teristic features, which are very useful for the 
differential diagnosis as shown below.

>|<  C O M PA R E

Micro-aneurysm (*): 
	/ Acute and multiple ischemic strokes
	/ Diffuse microbleeds

Aneurysm (*): 
	/ Very large SAH
	/ Abnormal focally dilated artery

Arteriovenous malformation (*): 
	/ Extension to different brain compartments
	/ Flow voids (MRI)
	/ Nidus with abnormal vessels
	/ AV shunt
	/ Calcification

Moya Moya disease: 
	/ Terminal portion of ICA stenotic or occluded
	/ Dilated collateral vessels

Vasculitis: 
	/ Multiple small ischemic lesions
	/ Diffuse stenosis involving arterial segments

Cerebral venous thrombosis (*): 
	/ ICH close to sinuses or veins
	/ Venous infarct
	/ High volume of oedema

Dural arteriovenous fistula (*): 
	/ SAH or subdural haemorrhage
	/ Abnormal dilated cortical arteries & veins
	/ No nidus
	/ AV shunt

Cavernous malformation: 
	/ Small ICH without spread to other brain compartments
	/ Popcorn appearance on MRI

Haemorrhagic transformation of 
cerebral infarction: 
	/ Large ischemic areas adjacent to ICH

Posterior reversible encephalopathy 
syndrome:
	/ Asymmetrical oedematous areas in the 
parietal & occipital lobes

Primary brain tumour or brain metastasis: 
	/ Large oedema around ICH
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	/ Intracranial Aneurysms - Management

Ruptured aneurysms require urgent treatment to 
prevent rebleeding, ideally within the first 24–48 
hours. After initial stabilisation and confirmation of 
the bleeding source with CTA or DSA, the aneu-
rysm is treated either endovascularly or surgically, 
depending on anatomy and local expertise. Neu-
ro-ICU care, blood pressure control, and monitoring 
for hydrocephalus or vasospasm are essential.

Unruptured aneurysms are managed based on an indi-
vidualised balance between rupture risk and treatment 
risk. Factors such as size, location, morphology, patient 
age, and rupture-risk scores (e.g., PHASES, UIATS) 
guide the decision between follow-up and prophylactic 
treatment. Small, stable aneurysms may be observed, 
whereas growing or high-risk lesions are often treated. 

Most aneurysms are effectively managed with endo-
vascular therapy, but the final choice between endo-
vascular and surgical treatment depends on aneurysm 
characteristics and individual patient considerations.

<↑>  H Y P E R L I N K S

3D rotational angiography of a paraclinoid internal carotid artery aneurysm. 
Volume-rendered (left) and maximum intensity projection (right) reconstructions 
demonstrate the aneurysm morphology, with measurement of the aneurysm 
dome in three orthogonal planes and neck width, providing essential information 
for treatment planning.

https://www.thelancet.com/journals/laneur/article/PIIS1474-4422(13)70263-1/abstract
https://www.neurology.org/doi/10.1212/WNL.0000000000001891
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	/ Intracranial Aneurysms - Endovascular 
Treatment

Endovascular therapy includes several tech-
niques adapted to aneurysm shape, neck 
width, and parent vessel anatomy.

Detachable platinum coils are the first-line 
option for narrow-necked aneurysms, pro-
ducing reliable sac thrombosis.

Balloon remodeling and stent-assisted coiling 
provide neck support for wide-necked lesions. 
Balloons offer temporary scaffolding, while stents 
give permanent support but require antiplatelet 
therapy, limiting their use in ruptured cases.

Flow diverters—low-porosity stents placed 
in the parent artery—redirect flow and 
reconstruct the vessel wall, making them 
ideal for large, fusiform, sidewall, or blis-
ter-like aneurysms unsuitable for coiling.

Intrasaccular devices sit entirely within the 
aneurysm and are an option for selected 
aneurysms, avoiding the need for permanent 
stents and long-term antiplatelet therapy.

a cb

Examples of balloon remodeling (a), flow diverter deployment (b), and a basilar tip 
aneurysm treated with an intrasaccular device (c). Click each image to watch the 
procedure.

>  P L AY  V I D E O >  P L AY  V I D E O >  P L AY  V I D E O

https://www.myesr.org/neuro-intervention-page-54/#video-a
https://www.myesr.org/neuro-intervention-page-54/#video-b
https://www.myesr.org/neuro-intervention-page-54/#video-c
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	/ Cerebral Vascular Malformations - 
Overview

Cerebral vascular malformations include a heteroge-
neous group of congenital or acquired abnormalities.

Non-shunting lesions are the most common and usually 
benign. Developmental venous anomalies (DVAs) rep-
resent anatomical variants of venous drainage and are 
typically incidental. Cavernomas are slow-flow clusters 
of thin-walled vascular spaces prone to microbleeds and 
hemosiderin deposition. Capillary telangiectasias consist 
of dilated capillary beds with minimal flow and are almost 
always asymptomatic. Vasculopathies, represent a sepa-
rate category but can mimic or coexist with vascular mal-
formations and should be considered in the differential.

Shunting lesions are less common but clinically signifi-
cant. Brain arteriovenous malformations (AVMs) create 
direct arterial-to-venous shunting through a nidus and 
carry a persistent risk of haemorrhage. Dural arteriove-
nous fistulas (dAVFs) involve abnormal arterial–venous 
connections within the dura, with symptoms and risk 
determined by their venous drainage pattern. Because 

these lesions may require endovascular treatment, the 
following sections will focus on AVMs and dAVFs.

>|<  C O M PA R E

Differential diagnosis of common cerebral vascular malformations

High flow -  
Shunting

Shunt in the 
parenchyma, nidus

bAVM

Shunt near dura,  
no nidus

dAVF

Low flow -  
Non 
Shunting

Pathological veins Developmental 
venous anomaly

Pathological 
asteries

Vasculopathies

Pathological 
Capillaries

Capillary 
telangiectasia, 
Cavernoma
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	/ Brain Arteriovenous 
Malformations 
(bAVMs) - Overview

Brain arteriovenous malformations (bAVMs) are likely congen-
ital lesions composed of direct arterial-to-venous shunting 
through a a tangled network of (nidus), bypassing the normal 
capillary bed. The resulting high-flow circulation exposes 
feeding arteries and draining veins to abnormal haemody-
namic stress, predisposing to intranidal aneurysms, venous 
ectasia, and stenosis, which increase bleeding risk.

The prevalence of bAVMs is approximately 10 per 
100,000, with diagnosis most often between 10 and 40 
years of age. Multiple AVMs are rare and may occur in 

syndromic conditions. Presentation depends on lesion 
size, location, and venous drainage. Around 50% present 
with intracerebral haemorrhage, with an annual rupture 
risk of 1–3%, which is higher after a prior bleed. Seizures 
occur in about 20% and headache in ~10%, while some 
AVMs are incidental findings. AVMs are the leading cause 
of intracerebral haemorrhage in children and young 
adults and should be actively sought in this population.

Lateral DSA on the right shows an occipital AVM, char-
acterised by a compact nidus (circle) supplied by dilated 
arterial feeders (red) and early venous drainage (blue).

Normal Capillary Bed AVM

ICA dx
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	/ Brain Arteriovenous Malformations (bAVMs) - 
Diagnosis

Diagnosis of bAVMs focuses on con-
firming arteriovenous shunting and 
defining feeding arteries, nidus, and 
venous drainage. CT is used acutely to 
detect haemorrhage, CTA can suggest 
a nidus with early venous filling, and 
MRI further delineates the vascular 
structures and associated parenchymal 
changes. DSA remains the definitive 
modality, demonstrating the full archi-
tecture needed for treatment planning.

On the left:a–d: Ruptured left occipital 
AVM. a Native CT showing acute SAH. b 
T2-weighted MRI demonstrating abnor-
mal vascular structures in the region. 
c TOF MRA depicting the nidus with 
feeders from the left PCA. d Lateral DSA 
confirming the AVM angioarchitecture.

b

a

d

c

f

e

a–d: Ruptured left occipital AVM. a Native CT showing acute SAH. b T2-weighted MRI demonstrating 
abnormal vascular structures in the region. c TOF MRA depicting the nidus with feeders from the left PCA. d 
Lateral DSA confirming the AVM angioarchitecture. e–f: A second patient with a ruptured cerebellar AVM. e 
Native CT showing massive intraventricular haemorrhage. f CTA identifying a left occipital AVM with a venous 
pouch (arrow) as the likely bleeding source. 
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	/ Brain Arteriovenous 
Malformations 
(bAVMs) - Treatment

Management of bAVMs aims to prevent haemor-
rhage while preserving normal brain function. Treat-
ment decisions depend on rupture status, nidus 
size and location, venous drainage, and high-risk 
features such as intranidal aneurysms or venous 
stenosis. Options include microsurgery, radiosurgery, 
endovascular embolisation, or a stater approach, 
with cure requiring complete nidus exclusion.

Endovascular embolisation starts with a precise under-
standing of the angioarchitecture. Typically, arterial 
feeders are selectively occluded first, while venous 
drainage is preserved until the end to avoid haemor-
rhage. Liquid embolics include fast-acting nBCA glue 
and controlled-penetration non-adhesive agents.

On the right, a patient with a left frontal AVM supplied 
by ACA feeders (A). Microcatheters were positioned 

in the dominant arterial feeders, with adjacent coils 
and nBCA glue used to limit reflux (B). This was fol-
lowed by controlled EvOH (Squid) embolisation 
of the nidus (C). The final angiographic series (D) 
shows complete occlusion with no residual shunt.

A B

C D
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	/ Dural Arteriovenous Fistulas (AVFs) - Overview

Arteriovenous fistulas (AVFs) are shunting lesions 
characterised by a direct connection between arterial 
feeders and a venous structure without an interven-
ing nidus. Most are dural AVFs, typically acquired 
after thrombosis, trauma, surgery, or infection; pial 
AVFs are rare and occur on the cortical surface.

AVFs depending on their location may present with 
pulsatile tinnitus, orbital congestion, headache, sei-
zures, neurological deficits from venous hypertension, 
myelopathy or haemorrhage. Dural AVFs are most 
common in middle-aged to older adults, whereas 
pial AVFs manifest in children or young adults.

The Borden and Cognard classifications stratify risk 
based on the presence of cortical venous reflux, the 
key predictor of haemorrhage. AVFs draining solely into 
a dural sinus (Borden I / Cognard I–IIa) have very low 
risk and may be observed if symptoms are mild. Lesions 
with cortical venous reflux (Borden II–III / Cognard IIb 
and above) have a markedly higher risk of haemorrhage 
or neurological symptoms  and are generally treated.

B O R D E N C O G N A R D D E S C R I P T I O N B L E E D I N G 
R I S K

I I, IIa Drain only into a 
dural venous sinus 
with antegrade (I) or 
retrograde (IIa) flow; 
no cortical venous 
reflux

Very low (≤2%)

II IIb, IIa+b Drain into a sinus with 
cortical venous reflux

Moderate 
(~40%)

III III, IV Direct cortical 
venous drainage; 
type IV shows venous 
ectasia.

High (~80%)

- V Drain into spinal/
perimedullary 
veins.

High



60

>•<	 F U R T H E R  K N O W L E D G E

/ Neuro- 
intervention

C H A P T E R  O U T L I N E :

Introduction

Basic Principles

Anatomy

Diseases

/	 Dural Arteriovenous 
fistulas (AVFs) 

Take-Home Messages 

References

Test Your Knowledge

	/ Dural Arteriovenous Fistulas (AVFs) - 
Diagnosis

On the right two examples of dAVFs.

	/ Cognard I left sigmoid sinus 
dAVF: TOF MRI (a) shows 
an arterial network produc-
ing pathological signal in the 
sinus; lateral ECA angiogra-
phy (b) confirms the dAVF 
with arterial supply from the 
MMA and occipital artery 
and antegrade flow into the 
sigmoid sinus (circle).

	/ High-grade dAVF with cor-
tical venous reflux: T2 MRI 
(c) shows bithalamic oedema 
in a patient with progressive 
neurological decline. CTA (d) 
and right ECA angiography 
(f) reveal a fistula along the right petrosal ridge (circle) draining via the basal vein of Rosenthal with 
cortical reflux. Follow-up MRI (e) shows complete regression of oedema after treatment.

>|<  C O M PA R E

Basal vein of 
Rosenthal

Early venous 
drainage

Bithalamic 
edema

MMA

Occipital a

Arterial signal in 
sigmoid sinus

Meningeal and 
transosseous 
branches

Outflow into 
sigmoid sinus

Cortical 
reflux

b

a

d

c

f

e
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	/ Dural Arteriovenous Fistulas (AVFs) - 
Treatment

Endovascular therapy is the primary treatment for 
dural AVFs, with the central aim of locating and 
occluding the fistulous point to stop abnormal 
shunting while preserving normal venous drainage.

A transarterial approach is used when a menin-
geal feeder provides direct access to the fistula. 
Through a distal microcatheter, liquid embolics 
(nBCA or non-adhesive agents such as Onyx, 
Squid, PHIL) are injected to occlude fistula. 
Balloon catheters may assist with flow control 
or protection of adjacent vessels or sinuses.

A transvenous approach is preferred when 
the involved sinus or venous pouch can be 
safely sacrificed, as in many transverse–sig-
moid or cavernous sinus fistulas. Coils, often 
combined with liquid embolic, are deployed 
directly within the target venous segment to 
disconnect the shunt. Combined arterial–
venous strategies are occasionally required.

>|<  C O M PA R E

In the images above (A) crista galli dAVF treated with combined transarterial–transvenous 
embolisation; (B) sigmoid sinus dAVF managed transarterially with balloon protection; (C) 
hypoglossal canal dAVF with perimedullary drainage occluded using NBCA glue. Click each 
image to watch the procedure.

A

B

C

>  P L AY  V I D E O

>  P L AY  V I D E O

>  P L AY  V I D E O

https://www.myesr.org/neuro-intervention-page-61/#video-a
https://www.myesr.org/neuro-intervention-page-61/#video-c
https://www.myesr.org/neuro-intervention-page-61/#video-b
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	/ Other Vascular Malformations
Developmental venous anomalies (DVAs), such as 
the right cerebellar DVA shown on T2 MRI (a) and 
T1 post-contrast (b), display the 
typical “caput medusae” pattern of 
converging medullary veins drain-
ing normally into a collector vein. 

Cavernomas, illustrated here by a 
left pontine lesion on T2 (c) and 
SWI (d), show a mixed-signal core 
with a haemosiderin rim, reflect-
ing repeated microbleeds. 

Capillary telangiectasias, here a middle 
pontine example on T1 post-con-
trast (e) and SWI (f), demonstrate 
faint, patchy enhancement with mild 
susceptibility blooming while remain-
ing invisible on CTA and DSA. These 
lesions are benign; only symptomatic 
cavernomas may require surgery, 
while DVAs and capillary telangiec-
tasias are “do-not-touch” lesions.

b

a

d

c

f

e

DVA Cavernoma
Capillary 

telangiectasiaDVA Cavernoma Capillary telangiectasia
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	/ Differential Diagnosis AVM - DVA

On the left (a–b), a patient presenting 
with headache and intraventricular 
haemorrhage. Arterial phase axial 
CTA MIP (a) reveals a suspicious 
vascular cluster in the corpus callo-
sum. Sagittal CBCT (b), confirms an 
AVM with a clear feeder–nidus–early 
venous drainage pattern, diagnos-
tic of true arteriovenous shunting.

On the right (c–f), a patient with 
post-traumatic headache and a 
similar-appearing cluster on axial 
arterial-phase CTA (c). The key dis-
tinction emerges on the sagittal views 
(d, f), where venous-phase CTA (e, 
f) demonstrates the classic “caput 
medusae” configuration of a devel-
opmental venous anomaly (DVA) 
with no nidus and no early venous 
filling. This is an incidental lesion.

b

a

d

c

f

e

AVM DVA

>|<  C O M PA R E
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	/ Chronic Subdural Hematoma (cSDH)
Middle meningeal artery (MMA) embolisation is 
increasingly used to treat chronic subdural haematoma 
(cSDH), a common condition in older adults and patients 
on anticoagulation. Recurrence after burr-hole drainage 
(≈10–30%) stems from a vascularised outer mem-
brane supplied largely by distal MMA branches; fragile 
neovessels within this membrane promote persistent 
exudation and microbleeding, allowing the haema-
toma to reform despite adequate evacuation.

Recent randomised trials (EMBOLISE, STEM, 
MAGIC-MT) demonstrate that MMA embolisa-
tion significantly reduces recurrence and treat-
ment failure by devascularising this pathological 
membrane. European consensus guidelines 
(2024) support stand-alone embolisation in de 
novo when surgery carries high risk or antico-
agulation cannot be interrupted, and as adjunct 
embolisation with surgery in recurrent cases.

The procedure involves catheterisation of 
the frontal and parietal MMA branches 

with careful assessment of anastomoses—espe-
cially with the ophthalmic artery—followed by 
controlled delivery of liquid embolics or particles. 
Successful treatment depends on deep pene-
tration of the membrane’s vascular network while 
avoiding reflux into dangerous collaterals. Click 
on the image below to watch the procedure.

<↑>  H Y P E R L I N K S

>  P L AY  V I D E O

Patient with bilateral subdural hematomas (CT, left) successfully treated with middle 
meningeal artery embolisation (right)

https://www.nejm.org/doi/10.1056/NEJMoa2313472
https://www.nejm.org/doi/full/10.1056/NEJMoa2409845
https://www.nejm.org/doi/10.1056/NEJMoa2401201
https://www.myesr.org/neuro-intervention-page-64
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	/ Cerebrospinal Fluid-venous Fistulas (CSFVFs) - 
Overview

CSF–venous fistulas (CSFVFs) are an important 
cause of spontaneous intracranial hypotension 
(SIH) and consist of an abnormal connection 
between the nerve root sleeve and an adjacent 
vein, allowing CSF to drain directly into the paraspi-
nal or epidural venous system. Unlike typical CSF 
leaks, they produce no extradural fluid collection, 
making them easy to miss on routine imaging.

Anatomically, the fistula typically arises where the 
nerve root sleeve communicates with foram-
inal or paraspinal veins. These veins form part 
of an extensive network connecting the epi-
dural venous plexus, intercostal veins, and 
intersegmental anastomoses. This rich venous 
meshwork provides a low-resistance pathway 
for continuous CSF egress once a pathological 
communication is established. CSFVFs most 
commonly occur in the thoracic spine, where 
these venous channels are particularly prominent.

Spinal cord

Epidural 
venous plexus

Foraminal 
veins

Nerve root

Intercostal 
vein

Paraspinal 
vein

Location of 
CSF-venous 
fistula 
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	/ Cerebrospinal Fluid-
venous Fistulas 
(CSFVFs) - Diagnosis

Patients with spontaneous intracranial hypotension 
(SIH) typically present with orthostatic headache and 

characteristic brain MRI findings. Because CSF–venous 
fistulas do not produce an extradural CSF collection, 
conventional spine MRI and standard myelography 
may be normal. Diagnostic confirmation therefore relies 
on lateral decubitus digital subtraction myelography 
or dynamic CT myelography, which can demon-
strate early opacification of a paraspinal or intercos-
tal vein draining directly from a nerve root sleeve.

a b c

Above, a case of SIH due to a CSF–venous fistula. T1 post contrast MRI (a, b) shows pachymeningeal enhancement (arrows), venous engorgement (arrowheads), 
pituitary enlargement (circle), and brain sagging with reduced mammillary–pontine distance (orange arrow). Dynamic CT myelography (c) demonstrates the fistula 
(circle) with early opacification of the draining paraspinal vein (arrowheads).
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	/ Cerebrospinal Fluid-venous Fistulas 
(CSFVFs) - Diagnosis

Post 
Treatment

Same case, before (above) and after 
treatment (below). Follow up axial, 
coronal, and sagittal post-contrast T1 
MRI demonstrate significant regression 
of SIH signs.

>|<  C O M PA R E
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	/ Cerebrospinal Fluid-
venous Fistulas 
(CSFVFs) - Treatment

Transvenous embolisation has become a primary 
treatment for CSF–venous fistulas, targeting the abnor-
mal draining vein that permits continuous CSF egress. 
After venous access through the azygos or a segmental 
vein, the microcatheter is advanced retrogradely into 
the paraspinal or intercostal vein receiving the fistulous 

outflow; in many cases, the epidural venous plexus 
provides an alternative and effective route for navigation.

Embolisation is performed using liquid embolics, with the 
goal of achieving extensive penetration of the draining 
vein—ideally one level above and below the fistula. 
The injection can be performed through a dual-lumen 
balloon catheter or after placement of a proximal coil, 
which stabilises the microcatheter and prevents reflux. 
Once the draining vein is completely occluded, CSF 
loss ceases, and patients typically experience rapid 
resolution of symptoms of intracranial hypotension.

>  P L AY  V I D E O

https://www.myesr.org/neuro-intervention-page-68


69

<•>	 C O R E  K N O W L E D G E

/ Neuro- 
intervention

C H A P T E R  O U T L I N E :

Introduction

Basic Principles

Anatomy

Diseases

Take-Home Messages 

References

Test Your Knowledge

	/ Take-Home Messages

	/ Digital subtraction angiography, together 
with cone-beam CT/ rotational angiography, 
underpins neurointervention by enabling high-
resolution, dynamic, and three-dimensional 
assessment of vascular anatomy and flow. 
Continued advances in materials and devices 
are improving procedural precision and safety.

	/ Endovascular thrombectomy has revolutionized 
ischemic stroke care, delivering outcomes that 
were unthinkable a decade ago. Indications 
are steadily expanding through ongoing trials 
and real-world evidence that refine imaging 
selection and extend treatment windows.

	/ Intracranial aneurysm management is guided 
by careful risk–benefit assessment. Progress 
in endovascular techniques has made definitive 
endovascular treatment achievable for most 
aneurysms, across a wide range of morphologies.

	/ AVMs and dural AVFs are defined by pathological 
arteriovenous shunting, and accurate identification 
of feeders, nidus or fistulous point, and venous 
drainage is central to risk stratification and 
treatment planning. Non-shunting vascular 
malformations—including DVAs, cavernomas, 
and capillary telangiectasias—are typically 
benign and managed conservatively; DVAs and 
telangiectasias remain “do-not-touch” lesions.

	/ Modern neurointervention now extends beyond 
stroke, encompassing treatments such as MMA 
embolisation for chronic subdural haematoma and 
transvenous embolisation for CSF–venous fistulas, 
reflecting the growing impact of minimally invasive, 
image-guided therapy across neurological disease.
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	/ Further Reading
Useful resources 

	/ AHA/ASA & ESO–ESMINT Stroke Guidelines 
Key guidelines for mechanical thrombectomy, covering patient 
selection, imaging criteria, and procedural standards.

	/ Osborn’s Brain ISBN-10:0323713203 
Core reference on brain imaging, foundational for neurovascular 
practice

	/ Practical Neuroangiography ISBN-9781451144154 
Practical guide to angiographic anatomy, pathology and endo-
vascular techniques.

	/ neuroangio.org 
Free, case-based resource on neurovascular anatomy and neu-
rointerventional techniques. Also hosts BANANA and BANANAZ 
neurovascular anatomy courses.

Societies, Courses, Webinars 

	/ European Society of Minimally Invasive Neurological Therapy 
(ESMINT) 
ECMINT and EXMINT courses, fellowships & observerships, 
webinars, EDNI/EDSI diplomas, Women-in-Neurointervention 
mentorship

	/ European Society of Neuroradiology (ESNR) 
Structured education in diagnostic and interventional neurora-
diology, exchange programmes

	/ World Federation of Interventional and Therapeutic Neurora-
diology (WFITN) 
International congress, Women-in-Neurointervention mentorship

	/ Society of NeuroInterventional Surgery (SNIS) 
Webinars (SNIS Insights), fellowship resources, annual meeting, 
JNIS journal

	/ Live Interventional Neuroradiology & Neurosurgery Course 
(LINNC) 
International live case-based teaching, , state-of-the-art tech-
niques

	/ Advanced Live Interventional Course of Essen (ALICE) 
Live interventional cases, expert discussions, case archives

http://neuroangio.org
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1 		  Which of the followings is true 
regarding ischemic stroke

	□ The degree of collaterals affects the 
clinical image, penumbra and size of 
infarct in ischemic stroke patients

	□ A final angiography can provide 
valuable information regarding possible 
complications and treatment evaluation 
after mechanical thrombectomy

	□ Dual-energy CT can facilitate differentiation 
between bleeding and contrast extravasation 
due to blood brain barrier damage 

	□ Tandem occlusion has worse prognosis 
than isolated intracranial occlusion. 

	□ All of the above
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1 		  Which of the followings is true 
regarding ischemic stroke

	□ The degree of collaterals affects the 
clinical image, penumbra and size of 
infarct in ischemic stroke patients

	□ A final angiography can provide 
valuable information regarding possible 
complications and treatment evaluation 
after mechanical thrombectomy

	□ Dual-energy CT can facilitate differentiation 
between bleeding and contrast extravasation 
due to blood brain barrier damage 

	□ Tandem occlusion has worse prognosis 
than isolated intracranial occlusion.

	█ All of the above
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2 	 What anatomic variant can explain 
a bilateral thalamic infarct?

	□ Persistent fetal posterior cerebral artery

	□ Percheron artery 

	□ Hypoplastic posterior communicating artery 

	□ Basilar artery fenestration

	□ Left-side dominant vertebral artery 
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	□ Persistent fetal posterior cerebral artery
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	□ Hypoplastic posterior communicating artery 

	□ Basilar artery fenestration

	□ Left-side dominant vertebral artery
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3 	 What is true regarding aneurysms?

	□ Among the different aneurysm types the 
dissecting ones are the most common

	□ Focal Sylvian fissure haemorrhage is 
suggestive for ruptured ACom aneurysm

	□ Aneurysm shape, neck width, and parent 
vessel anatomy are important factors in 
choosing the best endovascular treatment.

	□ Unruptured aneurysms require urgent treatment 

	□ Injection of contrast should be 
avoided, if non-enhanced CT findings 
suggest a ruptured aneurysm.
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3 	 What is true regarding aneurysms?

	□ Among the different aneurysm types the 
dissecting ones are the most common

	□ Focal Sylvian fissure haemorrhage is 
suggestive for ruptured ACom aneurysm

	█ Aneurysm shape, neck width, and parent 
vessel anatomy are important factors in 
choosing the best endovascular treatment.

	□ Unruptured aneurysms require urgent treatment 

	□ Injection of contrast should be 
avoided, if non-enhanced CT findings 
suggest a ruptured aneurysm.
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4 	 In which of the following pathologies 
is a “water-paint” pattern evident?

	□ Carotid sub-occlusion 

	□ Carotid pseudoocclusion 

	□ Carotid dissection

	□ M1 infarction 

	□ A1 infarction 
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4 	 In which of the following pathologies 
is a “water-paint” pattern evident?

	□ Carotid sub-occlusion 

	█ Carotid pseudoocclusion 

	□ Carotid dissection

	□ M1 infarction 

	□ A1 infarction 
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5 	 Which of the following is true regarding 
the vascular malformations: 

	□ Presence of shunt is suggestive of 
developmental venous anomaly 

	□ Presence of nidus is suggestive of fistulas

	□ Capillary telangiectasia is usually symptomatic

	□ Previous hemorrhage is not a predictive 
factor of hemorrhage risk for bAVM 

	□ Cognard classification is used to 
categorise dural arteriovenous fistulas 
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5 	 Which of the following is true regarding 
the vascular malformations: 

	□ Presence of shunt is suggestive of 
developmental venous anomaly 

	□ Presence of nidus is suggestive of fistulas

	□ Capillary telangiectasia is usually symptomatic

	□ Previous hemorrhage is not a predictive 
factor of hemorrhage risk for bAVM 

	█ Cognard classification is used to 
categorise dural arteriovenous fistulas 
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