


Handbook on Cerebral Venous Thrombosis



Frontiers of Neurology and
Neuroscience
Vol. 23

Series Editor

J. Bogousslavsky, Montreux



Handbook on Cerebral
Venous Thrombosis

Basel · Freiburg · Paris · London · New York ·

Bangalore · Bangkok · Singapore · Tokyo · Sydney

Volume Editors

V. Caso, Perugia

G. Agnelli, Perugia

M. Paciaroni, Perugia

24 figures, 2 in color, and 21 tables, 2008



Dr. Valeria Caso, MD, PhD
Prof. Giancarlo Agnelli, MD
Dr. Maurizio Paciaroni
Stroke Unit and Division of Cardiovascular Medicine

Department of Internal Medicine, University of Perugia

Santa Maria della Misericordia Hospital

Via Dottori

Sant’Andrea delle Fratte

IT–06126 Perugia

Bibliographic Indices. This publication is listed in bibliographic services, including Current Contents® and

Index Medicus.

Disclaimer. The statements, options and data contained in this publication are solely those of the individ-

ual authors and contributors and not of the publisher and the editor(s). The appearance of advertisements in the

book is not a warranty, endorsement, or approval of the products or services advertised or of their effectiveness,

quality or safety. The publisher and the editor(s) disclaim responsibility for any injury to persons or property

resulting from any ideas, methods, instructions or products referred to in the content or advertisements.

Drug Dosage. The authors and the publisher have exerted every effort to ensure that drug selection and

dosage set forth in this text are in accord with current recommendations and practice at the time of publication.

However, in view of ongoing research, changes in government regulations, and the constant flow of information

relating to drug therapy and drug reactions, the reader is urged to check the package insert for each drug for 

any change in indications and dosage and for added warnings and precautions. This is particularly important when

the recommended agent is a new and/or infrequently employed drug.

All rights reserved. No part of this publication may be translated into other languages, reproduced or

utilized in any form or by any means electronic or mechanical, including photocopying, recording, microcopying,

or by any information storage and retrieval system, without permission in writing from the publisher.

© Copyright 2008 by S. Karger AG, P.O. Box, CH–4009 Basel (Switzerland) 

www.karger.com

Printed in Switzerland on acid-free and non-aging paper (ISO 9706) by Reinhardt Druck, Basel

ISSN 1660–4431

ISBN 978–3–8055–8378–7

Library of Congress Cataloging-in-Publication Data

Handbook on cerebral venous thrombosis / volume editors, V. Caso, G. 

Agnelli, M. Paciaroni.

p. ; cm. –  (Frontiers of neurology and neuroscience, ISSN 1660–4431 

; v. 23)

Includes bibliographical references and indexes.

ISBN 978–3–8055–8378–7 (hard cover : alk. paper)

1. Sinus thrombosis. I. Caso, V. (Valeria) II. Agnelli, Giancarlo. III. 

Paciaroni, M. (Maurizio) IV. Series.

[DNLM: 1. Intracranial Thrombosis–diagnosis. 2. Intracranial 

Thrombosis–radiotherapy. 3. Sinus Thrombosis, Intracranial–diagnosis. 4. 

Sinus Thrombosis, Intracranial–radiotherapy.  WL 355 H2367 2008]

RC388.5.H3453 2008

616.8�1075–dc22

2007037850



V

Contents

1 Introduction
Kappelle, L.J. (Utrecht)

4 Anatomy of Cerebral Veins and Sinuses
K3l3ç, T.; Akak3n, A. (Istanbul)

16 Epidemiology of Cerebral Vein and Sinus Thrombosis
Agnelli, G.; Verso, M. (Perugia)

23 Risk Factors of Cerebral Vein and Sinus Thrombosis
de Freitas, G.R. (Rio de Janeiro); Bogousslavsky, J. (Montreux)

55 Thrombophilia and Cerebral Vein Thrombosis
Iorio, A. (Perugia); Barnes, C. (Parkville); Vedovati, M.C. (Perugia); 

Favaloro, E.J. (Westmead)

77 Clinical Presentations of Cerebral Vein and Sinus Thrombosis
Paciaroni, M.; Palmerini, F. (Perugia); Bogousslavsky, J. (Montreux)

89 Headache and Cerebral Vein and Sinus Thrombosis
Alberti, A.; Venti, M.; Biagini, S. (Perugia)

96 Radiological Diagnosis of Cerebral Venous Thrombosis
Selim, M.; Caplan, L.R. (Boston, Mass.)

112 Role of Ultrasound in Diagnosis and Management of Cerebral Vein
and Sinus Thrombosis
Stolz, E.P. (Giessen)



122 Cerebral Venous Thrombosis in Newborns, Infants and Children
Yager, J.Y.; Black, K.; Bauman, M.; Massicotte, P. (Edmonton, Alta.)

132 Treatment of Cerebral Venous and Sinus Thrombosis
Masuhr, F.; Einhäupl, K. (Berlin)

144 Interventional Neuroradiology in the Treatment of Cerebral Venous
Thrombosis
Caso, V.; Billeci, A.M.R. (Perugia); Leys, D. (Lille)

161 Complications of Cerebral Vein and Sinus Thrombosis
Ferro, J.M.; Canhão, P. (Lisbon)

172 Long-Term Prognosis of Cerebral Vein and Sinus Thrombosis
Lindgren, A. (Lund)

179 Author Index

180 Subject Index

Contents VI



Caso V, Agnelli G, Paciaroni M (eds): Handbook on Cerebral Venous Thrombosis. 

Front Neurol Neurosci. Basel, Karger, 2008, vol 23, pp 1–3

Introduction

L.J. Kappelle

University Department of Neurology, University Medical Center Utrecht,

Rudolph Magnus Institute for Neurosciences, Utrecht, The Netherlands

Cerebral veins contain about 70% of the total cerebral blood volume, but

cerebral venous sinus thrombosis (CVST) occurs about thousand times less

often than arterial stroke. Arterial and venous stroke cause different neurologi-

cal deficits and occur in people of different ages. About half of the patients with

an arterial stroke are older than 75 years, whereas CVST most often affects

young adults and children. It is not a manifestation of atherosclerosis, but usu-

ally is associated with a prothrombotic state due to (inherited) thrombophilia,

other blood disorders, dehydration, infectious diseases, cancer, or more rare

causes. In about a quarter of the patients with CVST the cause remains

unknown. The annual incidence is currently estimated to be 3–4 cases per 1 mil-

lion people. Three out of 4 people with CVST are women. One out of 8 patients

will die or remain handicapped as a result of CVST [1]. During the past decade,

modern neuroimaging techniques have improved the diagnostic process and

together with the increased awareness this will probably result in increased

recognition in the future.

CVST has received far less attention in clinical research than arterial

stroke. The small number of patients with CVST limits the performance of

large epidemiological studies and clinical trials on a scale similar to that in

patients with arterial stroke. The largest trial in the field of CVST counted only

60 patients [2]. So far, only three trials have been performed to study treatment

with anticoagulation. All three trials showed a nonsignificant benefit of antico-

agulant treatment as compared with placebo. A meta-analysis of these studies



Kappelle 2

showed a nonsignificant reduction in the pooled relative risk of death or depen-

dency of 0.46 (95% confidence interval: 0.16–1.31) [3].

Thanks to the efforts of Jose Ferro and his colleagues, the International

Study on Cerebral Vein and Dural Sinus Thrombosis (ISCVT) was initiated [1].

This collaborative initiative has now resulted in several joint papers and has

substantially increased our knowledge. However, information obtained from the

ISCVT is based on observational data and international multicenter trials are

still to be awaited. Not only a conclusive trial about the type and duration of

anticoagulation therapy, but also large trials about the usefulness of corticos-

teroids or endovascular thrombolysis would add substantially to our knowledge

on how to best treat patients with CVST.

Thrombosis of the cerebral veins may cause focal deficits due to local

effects of venous obstruction, but also more generalized effects as a result of

increased cerebrospinal fluid pressure caused by blocking of the major sinuses.

In the majority of patients, these two processes occur simultaneously [4]. The

course and clinical features of CVST are highly variable. It is only after the

introduction of computerized tomography and (particularly) magnetic reso-

nance imaging that verification of the diagnosis during life has become part of

daily clinical practice and that, as a result, the clinical spectrum of the disease

has enormously increased. It is now well known that the clinical features of

CVST are extraordinarily variable. Consequently, the diagnosis may be diffi-

cult. The average delay from the onset of symptoms to the diagnosis is 7 days

[1]. Patients may present to an ear, nose and throat surgeon with recurrent ear

infections and headache, to a pediatrician with headache and vomiting, to an

obstetrician because of a complicated pregnancy or puerperium, to an ophthal-

mologist because of blurred vision, to an internist because of vague symptoms

in the context of a systemic disease, to a neurologist because of epileptic

seizures, or to a neurosurgeon because of chronic intracranial hypertension. The

variety of clinical features and the large number of specialists dealing with the

care of patients with CVST have resulted in papers in peer-reviewed journals of

many different disciplines, making a clear and concise overview difficult. For

this reason, the current book edited by experts in the field of stroke from

Perugia, Italy, that covers the full spectrum of CVST, should be welcomed as a

useful clinical guide for all physicians who are involved in the care of patients

with CVST.
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Anatomy of Cerebral Veins and Sinuses

Türker K�l�ça, Ak�n Akak�nb

aSections of Neurovascular and Neurooncological Surgery, bDepartment of

Neurosurgery, Marmara University, Istanbul, Turkey

Abstract
The veins of the brain have no muscular tissue in their thin walls and possess no valves.

They emerge from the brain and lie in the subarachnoid space. They pierce the arachnoid

mater and the meningeal layer of the dura and drain into the cranial venous sinuses. The cere-

bral venous system can be divided into a superficial and a deep system. The superficial sys-

tem comprises sagittal sinuses and cortical veins, which drain superficial surfaces of both

cerebral hemispheres. The deep system consists of the lateral sinus, straight sinus and sig-

moid sinus along with draining deeper cortical veins. Both of these systems mostly drain into

internal jugular veins. Generally, venous blood drains into the nearest venous sinus or, in the

case of  blood draining from the deepest structures, into deep veins. The superficial cerebral

veins are interlinked with anastomotic veins of Trolard and Labbé. Thus, the superolateral

surface of the hemisphere drains into the superior sagittal sinus while the posteroinferior

aspect drains into the transverse sinus. The veins of the posterior fossa are variable in course,

and angiographic diagnosis of their occlusion is difficult. The entire deep venous system is

drained by internal cerebral and basal veins, which join to form the great vein of Galen that

drains into the straight sinus. Though variation in the superficial cerebral venous system is a

rule, anatomic configuration of the deep venous system can be used as anatomic landmarks.

Since thrombosis or surgical sacrifice of the cerebral veins may lead to venous infarction

with serious complications, angiographic and surgical anatomy of the venous system should

be seriously investigated for each individual patient.

Copyright © 2008 S. Karger AG, Basel

Cerebral Venous System

Understanding cerebral venous system is important to describe the patho-

physiology and treatment of cerebral venous thrombosis. Especially when

surgery is planned, one has to be able to recognize the major veins and sinuses

and to describe their direction of flow. A surgery that involves sacrificing some
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major cortical veins or subdural bridging veins carries a risk of venous infarc-

tion, and vein damage must therefore be kept to a minimum during surgery [1].

The veins of the brain have no muscular tissue in their very thin walls. They

possess no valves and emerge from the brain and lie in the subarachnoid space.

They pierce the arachnoid mater and the meningeal layer of the dura and drain

into the cranial venous sinuses. Most of the cerebral venous drainage collects

ultimately into the transverse and sigmoid sinuses of the skull base. The cere-

bral veins are divided into the superficial and deep groups. The superficial

group drains the cortical surfaces. The deep group drains the deep white and

gray matter and collects into channels that course through the walls of the ven-

tricles and basal cisterns to drain into the internal cerebral, basal, and great

veins [2, 3]. Cerebral venous system can be described in 5 parts: (1) superficial

supratentorial cortical veins; (2) dural sinuses and veins; (3) meningeal veins;

(4) deep veins; (5) posterior fossa veins.

Superficial Supratentorial Cortical Veins

The superficial veins lie on the surface of the cerebral cortex. They drain

mainly into the basal vein of Rosenthal and are considered part of the deep

drainage system. Superficial veins drain mainly into four major veins or groups

of bridging veins [3, 4]: (1) superior sagittal sinus that receives the superior

sagittal group; (2) sphenoparietal sinus and cavernous sinus that receive the

sphenoidal group; (3) inferior sagittal sinus and vein of Galen that receive the

falcine group, and (4) tributaries of the sinuses related to tentorium cerebelli

that receive the tentorial group.

Anatomy

Superior Sagittal Group
This venous sinus lies in the median plane, along the attached border of the

falx cerebri. It includes the veins from the superior part of the medial and lateral

surfaces of the frontal, parietal and occipital lobes, and from the anterior part of

the orbital surface of the frontal lobe.

Sphenoidal Group
These veins drain into the sphenoparietal or cavernous sinus and, less com-

monly, into the sphenobasal or sphenopetrosal sinuses [5].
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Falcine Group
The falcine group is formed by the veins that empty into the inferior sagit-

tal or straight sinus, either directly or through the internal cerebral, basal and

great veins. This group is responsible for drainage of the limbic system. The

veins on the paraterminal and paraolfactory gyri drain posteriorly toward the

anterior cerebral vein.

The anterior parts of the cingulated gyrus and corpus callosum are drained

by the anterior pericallosal veins. The posterior part of the cingulate gyrus is

drained by the posterior pericallosal vein; the medial part of the parahippocam-

pal gyrus and uncus are drained by the uncal, anterior hippocampal, and medial

temporal veins [2, 5].

Tentorial Group
The tentorial group of bridging veins drains into the tentorial sinuses, or

into the transverse and superior petrosal sinuses in the tentorial margins [5].

This group includes the temporobasal and occipitobasal veins, and the

descending veins, including the vein of Labbé. The vein of Labbé usually enters

the transverse sinus.

Normal Angiographic Anatomy

Lateral View
On lateral angiography, 8–12 superior cortical veins can be identified. In

the anterior frontal region, cortical veins enter the supra sagittal sinus.

Superficial middle cerebral veins can be identified on lateral projections during

the venous phase of carotid angiography [6].

The vein of Trolard is also best identified on the lateral view during the

mid- to late venous phase of cerebral angiograms. It is a large anatomic cortical

vein that courses from the superficial middle cerebral vein to superior sagittal

sinus and is the prominent superficial vein on the nondominant side at the late

venous phase [6] (fig. 1).

Anterior-Posterior View
On anterior-posterior (AP) projections, the vein of Trolard appears to par-

allel the inner table of the skull as it curves upward and courses over the cere-

bral convexity [7].

The vein of Labbé is a large cortical vein that courses from the superficial

middle cerebral vein to the transverse sinus and is the prominent superficial

vein on the dominant side [7].
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Inferior sagittal sinus Superior
sagittal
sinus

Vein of Galen

Straight
sinus

Straight
sinus

Internal cerebral vein
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Fig. 1. a Angiographic venous phase of carotid angiogram and MR venography.

b Schematic presentation of the cerebral venous system: superior sagittal sinus (1), vein of

Trolard (2), inferior sagittal sinus (3), superficial middle cerebral vein (4), vein of Labbé (5),

straight sinus (sinus rectus) (6), torcula herophili (7), transverse sinus (8).
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Dural Sinuses and Veins

The dural sinuses receive cerebral veins from the superficial and deep

parts. These are: (1) superior and inferior sagittal; (2) straight; (3) transverse;

(4) tentorial; (5) cavernous; (6) superior petrosal.

Superior and Inferior Sagittal Sinuses
Superior sagittal sinus superiorly attached to the falx cerebri ends with

crista galli. In about 60% of cases, superior sagittal sinus ends by becoming the

right transverse sinus. At the termination of the superior sagittal sinus is a

dilatation, known as confluence of the sinuses [3]. It is also known as torcula

herophili. The superior sagittal sinus also communicates with veins in the scalp

through emissary veins that pass through the parietal foramina. The cortical

veins may pass directly to the superior sagittal sinus, or they may join the

meningeal sinuses, which empty into the superior sagittal sinus.

Inferior sagittal sinus occupies the posterior two thirds of the free inferior

edge of the falx cerebri. It ends by joining the great cerebral vein to form

straight sinus [3]. The largest tributaries of the inferior sagittal sinus are the

anterior pericallosal veins.

Straight Sinuses
This venous sinus is formed by the union of the inferior sagittal sinus with

the great cerebral vein. It is attached to the tentorium cerebelli. It may drain into

either the transverse sinus or, most commonly, the left transverse sinus.

Transverse Sinuses
These venous sinuses pass laterally from the confluence of the sinuses in

the attached border of the tentorium cerebelli. The right transverse sinus, which

is usually larger, receives the majority of the drainage from the superior sagittal

sinus. So we can guess that the right transverse sinus, right sigmoid sinus and

right jugular vein contain blood from the superficial parts of the brain, and the

left transverse sinus, left sigmoid sinus and left internal jugular vein contain

blood mainly from the deep parts of the brain drained by the internal cerebral,

basal and great veins.

Tentorial Sinuses
These sinuses divide into the medial and lateral groups [8]. The medial

group drains into transverse sinuses and the lateral group drains into both

straight and transverse sinuses.
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Cavernous Sinuses
These large sinuses are about 2 cm long and 1 cm wide. They are located

on each side of sella turcica and the body of the sphenoid bone [3]. There are

many trabeculae that contain blood channels. Each cavernous sinus receives

blood from the superior and inferior ophthalmic veins, the superficial middle

cerebral vein in the lateral fissure of the cerebral hemispheres [8]. The cav-

ernous sinus communicates through the superior petrosal sinus with the junc-

tion of the transverse and sigmoid sinuses and through the inferior petrosal

sinus with the sigmoid sinus.

Superior Petrosal Sinuses
These venous sinuses are small channels that drain the cavernous sinuses.

They run from the posterior ends of the cavernous sinuses to the transverse

sinuses. Both of petrosal sinuses lie in the attached margins of the tentorium

cerebelli. The superficial sylvian veins may empty into an infrequent tributary

of the superior petrosal sinus called the sphenopetrosal sinus.

Veins of the lateral hemispheric convexities drain into three major routes:

(1) sphenoparietal sinus (sylvian vein); (2) superior sagittal sinus (most promi-

nent Trolard); (3) inferiorly these veins drain into the transverse sinus, and the

largest one is called the Labbé vein (fig. 2).

Meningeal Veins

The small venous channels that drain the dura mater covering the cerebrum

are called the meningeal veins. They are small sinuses that usually accompany

the meningeal arteries. The meningeal veins that accompany the meningeal

Fig. 2. Cadaveric dissection of deep veins and their drainage at midplane.
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arteries course between the arteries and the overlying bone. The fact that the

artery presses into the veins gives them the appearance of parallel channels on

each side of their respective arteries. The largest meningeal veins accompany

the middle meningeal artery. The meningeal veins drain into the large dural

sinuses along the cranial base at their lower margin and into the venous lacunae

and superior sagittal sinus at their upper margin.

Deep Supratentorial Veins

Deep veins are concerned with the drainage of the central structures of the

hemispheres, basal ganglia, corpus callosum, pineal region limbic system and

thalamus. During operations on the lateral ventricles, the deep veins more com-

monly provide orienting landmarks than the arteries. The deep veins are divided

into a ventricular group, composed of the veins draining the walls of the lateral

ventricles, and a cisternal group, which includes the veins draining the walls of

the basal cisterns. The deep venous system consists of internal cerebral vein,

the basal vein of Rosenthal and their tributaries [9].

Ventricular Group

This group can be divided into two subgroups: (1) Lateral atrial contribu-

tions form the common atrial vein that connects to the internal cerebral vein or

the vein of Galen. The lateral group deep veins drain caudate nucleus and thal-

amus and are called the anterior caudate and thalamostriate veins [2]. (2) The

medial ventricular group veins drain to the basal vein of Rosenthal. The medial

group passes through the outer or forniceal circumference of the fissure.

The medial vein of the frontal horn is represented by the anterior septal veins.

The anterior septal vein drains the deep structures of the frontal lobe. It gathers

three or five medullary tributaries. It forms the venous angle with the thalamostri-

ate vein. The lateral veins of the frontal horn are anterior caudate veins [2].

The medial veins of the lateral body ventricle are posterior septal veins and

the lateral group consists of the thalamostriate, thalamocaudate, and posterior

caudate veins. The thalamostriate vein drains the posterior frontal and anterior

parietal lobes, caudate nucleus and the internal capsule. The thalamostriate vein

is the best known of the subependymal veins because it is the one most fre-

quently seen on angiography. The angle formed by the junction of the thalam-

ostriate and internal cerebral veins at the thalamic tubercle, the venous angle, as

seen on the lateral view of the cerebral angiogram, approximates the site of the

foramen of Monro [2].
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The medial veins of the occipital horn are medial atrial veins and the lat-

eral veins of this group are lateral atrial veins [2].

Cisternal Group

The cisternal group of deep veins drains the area beginning interiorly in

front of the third ventricle and extending laterally into the sylvian fissure and

backward to include the walls of the chiasmatic, interpeduncular, crural, ambi-

ent, and quadrigeminal cisterns.

The area drained by the cisternal group of veins is divided into three

regions depending on their relationship to the brainstem and tentorial incisura:

an anterior incisural region located in front of the brainstem, a middle incisural

region situated lateral to the brainstem, and a posterior incisural space located

behind the brainstem.

The major veins of the cisternal group are basal veins and great veins.

Basal veins drain anterior, medial and posterior incisural spaces [10].

There are some veins that also drain the deep parts of the brain: (a)

Choroidal veins. They drain the deep venous system and go medial to the thala-

mostriate vein lateral to the fornix and drain into the thalamostriate vein. (b)

Thalamic veins. They divide into superior, anterior and inferior thalamic veins.

Superior veins drain into the vein of Galen, anterior veins drain into the thalam-

ostriate vein, inferior thalamic veins drain into the interfamilial portion of the

thalamus (fig. 3). (c) Internal cerebral veins. The paired internal cerebral veins

run from anterior to posterior in the roof of the third ventricle enclosed between

two layers of the tela choroidea. This potential space between the two layers is

called the cistern of the velum interposition. They drain into the great cerebral

vein of Galen [11] (fig. 4). (d) Great cerebral vein of Galen. It receives tribu-

taries from the basal vein of Rosenthal, inferior sagittal sinus. It drains into the

straight sinus. It is formed by the union of two internal cerebral vein courses

beneath the splenium of the corpus callosum to end at the tentorial apex by unit-

ing with the inferior sagittal sinus to form the straight sinus [11, 12].

Normal Angiographic Anatomy

Deep veins are best identified late in the venous phase, when contrast no

longer opacifies the overlying cortical veins.

Lateral View
Medullar veins are best identified on lateral venous phase angiograms. The

septal vein follows a straight posterior course as seen on the lateral view. The
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Internal cerebral vein

Posterior mesencephalic vein

Straight sinus

Superior vermian vein

Vein of Galen

Precentral
cerebellar

vein

Fig. 3. Posterior fossa veins and their drainage system.

thalamostriate vein receives its caudate and terminal tributaries, and then

curves inferiorly to join the septal vein at the foramen of Monroe. The internal

cerebral vein extends from the foramen of Monroe posteriorly to the vein of

Galen.

The great cerebral vein is also best identified on lateral view. It passes

curving posterosuperiorly around the corpus callosum [6].

Anterior View
The thalamostriate vein has a characteristic double curve. The internal

cerebral vein is superimposed on the AP view. The basal vein of Rosenthal is

characteristic on the AP view. It resembles a frog lying on its back with its legs

pointing anterolaterally.

Posterior Fossa Veins

There are three drainage systems that have been described: (a) galenic

group; (b) petrosal group; (c) tentorial group.
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a

b
4 Transverse sinus

5 Straight
sinus

3 Vein of Galen

2 Internal
cerebal
veins

1 Basal vein
of Rosenthal

Fig. 4. Cadaveric dissection (a), and illustration of the basal vein that drains into the

vein of Galen and straight sinus (b).
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Galenic Group

The galenic group consists of precentral, superior vermian and anterior

posterior mesencephalic veins.

The precentral vein is a unique vessel that originates in the fissure between

the vermian lingula and central lobule. This vein drains into the vein of Galen

after passing the roof of the fourth ventricle.

The superior vermian vein originates near the vermian, curving up and

forward along the culmen. The superior vermian vein drains into the vein of

Galen [13].

The anterior pontomesencephalic vein consist of many small veins. It

passes anterior to the pons and ends with the cerebral peduncle.

Petrosal Group

The most important veins of this group are petrosal veins. They drain into

superior petrosal sinus just below the trigeminal nerve.

Tentorial Group

In this group, the important veins are inferior vermian veins. They pass

posteriorly along inferior vermis and receive hemispheric veins and usually ter-

minate within tentorial sinuses.

Normal Angiographic Anatomy

Lateral View
The precentral cerebellar vein passes from the roof of the fourth ventri-

cle. The anterior pontomesencephalic vein can be seen behind the clivus;

the superior and inferior vermian veins are also seen well on the lateral 

view [6].

Anteroposterior View
The petrosal vein can be seen well on the AP view. The vermian vein can

also be seen. These veins are near the midline [6].

There are some important landmarks in posterior venous system anatomy:

(1) Twining’s line: connects the tuberculum sella to the torcular herophili.

(2) Pontomesencephalic vein: anterior border of pons.
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(3) Collicocentral point: it helps us find the fourth ventricle. Inflection point

where the precentral cerebellar vein changes the upward course slightly

posterior.
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Abstract
Cerebral venous thrombosis is a serious but potentially treatable cerebrovascular disor-

der that, unlike arterial cerebrovascular disorder, often affects young adults and children.

Cerebral venous thrombosis is a challenging condition for the clinicians because of the wide

spectrum of its clinical presentation. Although recognized for more than 100 years, its inci-

dence has been underestimated in the past due to the lack of accurate diagnostic techniques.

Copyright © 2008 S. Karger AG, Basel

Incidence of Cerebral Vein Thrombosis

Cerebral vein thrombosis was first reported more than 100 years ago [1].

Cerebral venous thrombosis affects more commonly the superior sagittal sinus,

the lateral sinuses and the transversus sinuses. In about two thirds of the cases

the thrombotic process involves more than one cerebral vein. The involvement

of cortical veins (Rolandic, parieto-occipital and posterotemporal) is reported

in about 40% of the cases of superior sagittal sinus thrombosis. The clinical

consequences of the extension of sagittal sinus thrombosis to the cortical veins

are variable; generally, this extension is associated with a worsening of the

localized edema and with an increased risk of venous parenchymal infarction.

The incidence of cerebral venous thrombosis is only partially known,

because of the absence of epidemiologic studies that specifically and systemat-

ically addressed this issue. The first data on the incidence of cerebral venous

sinus thrombosis were achieved from autopsy series. In the 1960s, Ehlers and

colleagues reported 16 cases of cerebral venous thrombosis in about 12,500

autopsies. These autopsy-derived figures caused for years an underestimation
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of the incidence of cerebral venous thrombosis. Indeed, more recent clinical

series reported an estimated incidence about 10 times higher than that found

from autopsy series.

Cerebral vein thrombosis can affect adults as well as children and

neonates. It is conceivable to report separately on the epidemiology of this dis-

ease in adult and pediatric patients. The estimated annual incidence of cerebral

venous thrombosis is 3–4 cases per million in adults and 7 cases per million in

children or neonates [2, 3]. Among pediatric patients, neonates are the most

commonly affected age group. Cerebral venous thrombosis is frequently

reported in preschool children. There are no reliable data concerning geograph-

ical or racial differences in the incidence of cerebral venous thrombosis. Until

the mid-60s, men and women were reported to be equally affected [4]. More

recently, cerebral vein thrombosis has been reported to be more common in

women, particularly in the age group between 20 to 35 years. This predomi-

nance is not evident among children or elderly patients. The female prevalence

is probably due to specific age-related conditions such as pregnancy, puer-

perium and use of oral contraceptives. Data from a study performed in the

United States in 1993–1994 estimated that cerebral thrombosis might compli-

cate 11.6 in every 100,000 deliveries.

Etiology

Several inherited and acquired predisposing factors to cerebral venous

thrombosis are recognized. However, the cause of cerebral venous thrombosis

remains undefined in about one third of the cases. In a series of patients with

objectively diagnosed cerebral venous thrombosis, no underlying cause could

be identified in 20–35% of patients, even after extensive investigation [5–7].

An initial distinction should be made between infective and noninfective

causes. Among the infective causes, infections of the orbit, mastoid, middle ear

or face and meningitides are the conditions most commonly associated with

cerebral venous thrombosis. Infections of the mastoid or face, in particular, are

predisposing factors for a venous thrombosis in the lateral sinuses (transverse

or sigmoid). Staphylococcus aureus, Gram-negative bacilli and fungi, such as

aspergillus, are the most commonly isolated microorganisms in patients with

otitis and mastoiditis. Thrombosis of the cavernous sinus is nearly always

caused by the infection of paranasal sinuses (ethmoid and sphenoid) or of the

orbits. Infective causes probably occur less commonly with modern aggressive

antibiotic treatment and nowadays account for no more than 10% of cases [6].

Among the non-infective causes of cerebral venous thrombosis, the most

common are cancer, myeloproliferative disorders, dehydration, oral contraceptives,
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disorders of blood coagulation, collagen diseases and pregnancy or puerperium.

In young women, cerebral venous thrombosis occurs more frequently during

puerperium than during pregnancy. The mechanical causes such as head

trauma, neurosurgical procedures or jugular catheterization are considered to be

conditions potentially predisposing to cerebral venous thrombosis. A lumbar

puncture can also lead to thrombotic complication of the cerebral veins. A plau-

sible explanation seems to be the reduction in the cerebrospinal fluid pressure

due to the procedure where it can generate a dislocation of the brain with trac-

tion of its venous structures.

Cerebral venous thrombosis can occur in patients with both inherited and

acquired thrombophilic states. Among the inherited conditions, factor V Leiden

and prothrombin gene mutations, deficiencies of protein C, S and antithrombin

are the most common. It is estimated that these deficiencies account for

10–15% of cases [8, 9]. It has been reported that hyperhomocysteinemia is

associated with a 4-fold increased risk of cerebral vein thrombosis [10]. Among

the acquired conditions, the antiphospholipid antibodies syndrome is associated

with an increased risk of cerebral venous thrombosis [8].

The use of oral contraceptives and, less frequently, hormone replacement

therapy has been associated with the increased risk of venous thrombosis,

including cerebral venous thrombosis. A recent crossover study reported

increases in the levels of factor VII, factor VIII, factor X, fibrinogen and pro-

thrombin fragment 1 � 2 and decreases in the levels of factor V during the use

of oral contraceptives. These findings were more pronounced in women on

third-generation oral contraceptives (containing desogestrel or gestodene).

The association of acquired predisposing conditions with genetic abnor-

malities increases the risk of developing cerebral venous thrombosis.

Noteworthy, the use of oral contraceptives in carriers of thrombophilic abnor-

malities appears to be associated with increased risk of cerebral venous throm-

bosis (OR 22.1; 95% CI 5.9–84.2) [11, 12]. A case-control study compared the

prevalence of prothrombotic mutations in 40 women with cerebral venous

thrombosis and 120 healthy controls. The study showed that 20% of women

with cerebral venous thrombosis had a thrombophilic abnormality (both

mutation in the prothrombin and the factor V gene) compared with 7% in

the control population. The use of oral contraceptives in women with throm-

bophilic abnormalities further increases the risk of cerebral venous thrombosis

(OR 149; 95% CI 31.0–711.0) [12]. De Bruijn et al. [11] reported a 30-fold

increased risk for cerebral venous thrombosis in women with a combination of

thrombophilic abnormalities and use of oral contraceptives, as compared to

women without either risk factor [11]. A case report described a cerebral

venous thrombosis associated with the use of androgens in an otherwise healthy

young man [13].
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During pregnancy or puerperium, a significant increase in the risk of cere-

bral venous thrombosis was associated with caesarian delivery (OR 3.1),

increasing maternal age (OR 2.5), presence of comorbidities including hyper-

hemesis (OR 14.2), intercurrent infections (OR 3.45) and maternal hypertension

Table 1. Causes of cerebral venous sinus thrombosis

Local

Head injury [18]

Neurosurgery [19]

Meningitides [20]

Arterovenous malformation [21]

Sepsis (sinusitis, mastoiditis, cellulitis) [22, 23]

Stroke and hemorrhage

Space-occupying lesions

Jugular catheterization

Systemic

Dehydration (diabetic ketoacidosis)

Septicemia [24]

Pregnancy and puerperium [5]

Inflammatory bowel disease [25]

Malignancy [26]

Sarcoidosis [27]

Collagen disease (Behcet’s syndrome, SLE, Sjögren’s syndrome) [28–30]

Homocysteinuria [31]

Nephrotic syndrome [32]

Autoimmune thyroiditis

Drugs

Oral contraceptives [33]

Hormone replacement therapy [34]

Androgens [13]

L-asparaginase [35]

Ecstasy [36]

Blood discrasias

Leukemia [37]

Myeloproliferative disorders

Thrombocythemia

Sickle-cell trait [38]

Paroxysmal nocturnal hemoglobinuria [39]

Thrombotic thrombocytopenic purpura [40]

Heparin-induced thrombocytopenia [40]

Coagulopathies
Protein S, protein C, antithrombin III deficiency [41, 42]

Factor V Leiden [8, 43]

Antiphospholipid antibodies [8]
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(OR 1.9) [14]. A cumulative effect of resistance to activated protein C during

pregnancy and decreased protein C levels following caesarian delivery have

been recently postulated [15, 16].

Cerebral vein thrombosis, although uncommonly, may be a manifestation

of collagen disorders (such as systemic lupus erythematosus, Behcet’s disease,

Sjögren’s syndrome) or inflammatory bowel disease.

Cerebral venous thrombosis can be a complication of nephrotic syndrome

and allogeneic bone marrow transplantation [17]. In the case of nephrotic syn-

drome, renal loss of antithrombin III has been postulated as the potential mech-

anism for cerebral venous thrombosis.

Hypoxic encephalopathy is a typical cause of cerebral venous thrombosis

in the newborns.

The more common causes of cerebral venous thrombosis are listed in table 1.

Conclusion

During the past two decades, the improved awareness of cerebral venous

thrombosis and the improvement of neuroimaging techniques have changed

consistently the estimation of the incidence of cerebral venous thrombosis.

However, despite our improved knowledge, the real incidence of cerebral

venous thrombosis remains incompletely defined. The etiology of cerebral

venous thrombosis includes several conditions. In about 20–35% of patients

with cerebral venous sinus thrombosis, this disease remains idiopathic even

after extensive investigation.
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Abstract
The risk factors for deep venous thrombosis (and for cerebral vein and sinus thrombo-

sis, CVST) differ from those for arterial disease. The risk factors for venous thrombosis are

linked to the Virchow triad of stasis of the blood, changes in the vessel wall, and changes in

the composition of the blood, especially the first and third of these. Risk factors are usually

divided into acquired (e.g. surgery, trauma, pregnancy, puerperium, lupus anticoagulant,

malignant disease, and female hormones) and genetic (congenital thrombophilia). However,

the separation of genetic and acquired risk factors is somewhat artificial, since they have

additive effects and venous thrombosis is often multifactorial. In this review, we discuss

acquired risk factors for CVST. These include hormonal changes (e.g. oral contraceptives

use, hormone replacement therapy, pregnancy and puerperium), mechanical precipitants

(e.g. head trauma, jugular catheterization, surgery, lumbar puncture), local and generalized

infections, cancer, acquired prothrombotic states (e.g. hyperhomocysteinemia, nephrotic

syndrome), inflammatory diseases (e.g. vaculitis, intestinal inflammatory disease), hemato-

logical disorders, neurological diseases (e.g. dural arteriovenous malformations, spontaneous

intracranial hypotension), drugs and other situations. However, only some conditions are

consistently present in case series, while many appear only in anecdotal reports. Thus, in

most situations, a causal link cannot be established. Determining a cause-and-effect relation-

ship is essential for developing preventive, diagnostic, and therapeutic strategies. Therefore,

further multicentered, case-controlled studies are crucial for better understanding the patho-

genesis of CVST.

Copyright © 2008 S. Karger AG, Basel

Risk factors are characteristics associated with a higher risk of developing a

disease. The fact that a characteristic is a risk factor does not necessarily imply

that it causes the disease. In some instances, it may be associated indirectly with

the disease because it correlates with another variable that determines the disease.
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Since diseases often have multiple causes that interact with each other, establish-

ing causality between a risk factor and a disease can be a challenging issue in clin-

ical epidemiology.

Determining a cause-and-effect relationship is essential for developing

preventive, diagnostic, and therapeutic strategies. Large randomized controlled

trials are generally considered the gold standard in evaluating causality between

a risk factor and a disease and the effect of treating (or removing) the risk factor

on the incidence of the clinical condition. The great strength of these studies is

that, since patients are randomly assigned to either treatment for the putative

causal or some alternative treatment (another agent or no exposure at all), the

study groups are similar not only in terms of already know determinants of out-

come, but also in terms of currently unknown determinants [1]. However, in the

case of some risk factors (e.g. smoking), it would not be ethical to randomly

assign patients to exposure or nonexposure. In some situations, therefore, a

cohort study, in which the investigator identifies exposed and nonexposed

groups of patients and follows them to monitor outcome, may provide the best

level of evidence, particularly when the information comes from a large data-

base and statistical techniques are used to allow for imbalances due to con-

founding variables. Nevertheless, an important imbalance, either not measured

or unknown to the investigators, may influence the outcome. When the outcome

of interest is very rare or takes a long time to develop, case control studies may

be used (in fact, these studies are the most commonly used in the setting of

cerebral venous and sinus thrombosis, CVST). In these studies, patients who

have developed the outcome of interest (cases) are compared with persons who

do not have this outcome (controls), but who are otherwise similar to the cases

with respect to important determinants of outcome, such as age and sex.

Limitations of case-control studies are that a condition may change after the

outcome (e.g. see section on hyperhomocysteinemia), a recall bias may influ-

ence the results, and, as in cohort studies, unmeasured confounding variables

may be responsible for differences. Meta-analysis can provide an objective

summary of all the available evidence, but whether this approach is better than

large randomized trials is a matter of contention [2].

Risk Factor Classification

The risk factors for venous thrombosis differ from those for arterial dis-

ease (table 1). Classical risk factors for arterial disease include hypertension,

diabetes, hypercholesterolemia, cigarette smoking, physical activity, alcohol

consumption, and diet [3]. The risk factors for venous thrombosis are linked to

the Virchow triad of stasis of the blood, changes in the vessel wall, and changes
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in the composition of the blood, especially the first and third of these [4].

Nowadays, risk factors are usually divided into acquired and genetic. Acquired

risk factors include obesity, immobilization (including immobilization in plas-

ter casts), surgery, trauma, pregnancy, puerperium, lupus anticoagulant, malig-

nant disease, and female hormones. Genetically determined prothrombotic

disorders (congenital thrombophilia) are responsible for a large proportion of

cases of venous thrombosis and are discussed in the next chapter. However, the

separation of genetic and acquired risk factors is somewhat artificial,

since they have additive effects and venous thrombosis is often multifactorial.

Thus, even when acquired risk factors are present, congenital thrombophilia

should considered. Risk factors can also be divided into modifiable and

nonmodifiable.

Risk factors for CVST are, in general, similar to those for deep venous

thrombosis (DVT) (table 1), but may not include older age, obesity, hospitaliza-

tion, and immobility [5].

Table 1. Risk factors for arterial disease, DVT, and CVST

Risk factor Arterial disease DVT CVST

Nonmodifiable
Age �� �� ��
Gender � � �
Race �� � U

Heredity �� �� ��

Modifiable
Hypertension �� �� ��
Diabetes �� �� ��
Hypercholesterolemia �� �� ��
Obesity �� � ��
Postmenopausal replacement therapy � �� ��
Oral contraceptives � �� ��
Physical activity �� �� ��
Alcohol consumption �� �� ��
Diet �� �� ��
Homocysteine D D D

Immobility �� �� ��
Cancer �� �� ��
Infection �� �� ��

U � Unknown; D � disputable.
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Hormones

Oral Contraceptives
Several case-control studies [6–14] and one meta-analysis [15] have

reported a strong association between oral contraceptives (OCs) and CVST.

This association may be responsible for the dramatic shift in the epidemiology

of the disease in the last few decades, with CVST changing from a disease

affecting men and women equally until the mid 1970s [16] to one predomi-

nantly affecting women of childbearing age [17].

In one of the first case-control studies, de Bruijn et al. [7] found that 85%

(34 of 40) of women with CVST used OCs versus 45% (1,007 of 2,248) of the

control women (odds ratio 13, 95% confidence interval 5–37). Moreover, they

found an interaction between OCs and congenital thrombophilia: using esti-

mated population percentages, the odds ratio for women with both risk factors

versus women with neither is 34. In another case-control study, Martinelli

et al. [8] found an odds ratio of 149.3 (95% confidence interval 31.0–711.0)

for women who were taking OCs and who also had the prothrombin gene

mutation. In a recent meta-analysis including eight case-control studies of OCs

and CVST (263 patients and 2,862 controls), the odds ratio for developing

CVST was 5.59 (95% confidence interval 3.95–7.91; p � 0.001) in women

using OCs [15].

The risk of CVST might vary according to OC formulation, but few stud-

ies have addressed this issue. Third-generation OCs seem to carry a higher risk

than other OCs [18] and contraceptive patches may confer a risk similar to OCs

[19]. Limited data suggest that there is no increased risk of deep vein thrombo-

sis in women who use oral [20] or injectable [21] progestogen-only methods.

Postcoital contraceptive pills, commonly known as the ‘morning after pill’,

are used for emergency contraception and contain substantially higher doses of

both estrogen and progestin than standard OCs. However, it is disputable

whether emergency contraception may cause venous thrombosis. There exists a

single report of CVST after repeated use of postcoital contraceptive pills [22].

The precise mechanism by which OCs increase the risk of CVST is

unknown. OC use influences various factors involved in hemostasis. Levels of

prothrombin, factors VII, VIII, and X, fibrinogen, and prothrombin fragment

1 � 2 increase and levels of factor V decrease during OC use [23]. OCs can

induce activated protein C resistance comparable to the resistance caused by

factor V Leiden mutation [24].

Women who suffer from CVST while taking OCs should be counseled

about alternative methods of contraception. Some authors suggest that, after 6

months of anticoagulation, these women may be considered for chronic treat-

ment with antiplatelet agents [25].
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Hormone Replacement Therapy
There is a huge amount of evidence linking hormone replacement therapy

(HRT) with DVT, but there are no significant data (apart from a few anecdotal

reports [26, 27]) regarding the relationship between HRT and CVST.

HRT ameliorates symptoms of the menopause and reduces the progression

of osteoporosis. Early HRT consisted of an estrogen only, but, due to the strong

evidence that unopposed estrogen therapy increased the risk of endometrial can-

cer, nowadays a progestogen compound, e.g. medroxyprogesterone acetate, is

added [28]. Several case-control studies [29–32], cohort studies [33], and ran-

domized controlled trials [34–39], have confirmed the increased risk of DVT in

women receiving HRT. A recent meta-analysis of randomized controlled trials

found a 2-fold higher risk of venous thromboembolic events (relative risk 2.15,

95% confidence interval 1.61–2.86) in those women randomized to HRT com-

pared with placebo [40]. The high risk of venous thrombosis during the early

phases of use suggests that, as with OCs, there is a subgroup of women with a

genetic predisposition to thrombosis who are at particular risk when given HRT.

Both genetic (factor V Leiden, causing resistance to activated protein C) and

acquired (anticardiolipin antibodies) predispositions have been identified in

women who presented venous thrombosis soon after hormone use [36, 41].

In the International Study on Cerebral Vein and Dural Sinus Thrombosis

(ISCVT), 4.3% of the patients were receiving HRT [42], but it is not known if

this is higher than in the general population. It is not clear why hormone

replacement is a well-defined risk factor for DVT, but not for CVST.

Interestingly, CVST patients are much younger than DVT patients, providing

indirect evidence that HRT does not play an important role in CVST.

Pregnancy and Puerperium
Several series of CVST cases occurring during pregnancy and puerperium

have been published, most from developing countries [43–50] and Asiatic pop-

ulations [51, 52]. In one study from Mexico, 60% of the cases of CVST

occurred during pregnancy and puerperium [45], whereas, in developed coun-

tries, only 5–20% of all cases of CVST are seen in this period. In a study from

India, CVST accounted for approximately half of the strokes occurring in

young patients and 40% of those occurring in females [47]. A recent study

reported a higher incidence of stroke during pregnancy and puerperium in

Taiwanese women than in Caucasian populations, CVST being responsible for

one quarter of the events [51, 52].

Obstetric CVST is much more common in the puerperium period than in

pregnancy, particularly in the first 3 weeks after delivery, with 15% of cases

occurring in the first 2 days [45]. When CVST is seen in pregnancy, it can occur

in any trimester. It has been suggested that pregnancy/puerperium-related CVST
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may more commonly have a sudden or acute onset, and a progressive course that

tends to become stable in a few days and a better prognosis than nonobstetric

CVST [45]. Many risk factors have been implicated in the pathogenesis of peri-

partum and puerperium CVST. These include dehydration, anemia [45], cesarean

delivery, hypertension, infections [48], the mother’s age (more common in

women aged 15–24 years than in those aged 25–34 years) [49], and throm-

bophilia [53]. In fact, in a recent study, genetic or acquired thrombophilia was the

main cause in 64% (7 of 11) of CVST patients, including protein S deficiency in

4 patients and protein C deficiency and idiopathic thrombocytopenic purpura

associated with systemic lupus erythromatosus, and antiphospholipid syndrome

in one patient each. Some studies imply that anesthesia (dural puncture) per-

formed for cesarean delivery may be responsible for some cases [54–56].

Mechanical Precipitants (Trauma, Jugular Catheter, 
Surgery, Lumbar Puncture)

Diverse forms of injury to the central nervous system, i.e. penetrating or

close head injury [57–74], neurosurgery [75, 76], electrical injury [77, 78], and

lumbar puncture [79–85], have been linked to a higher risk of CVST.

It is not difficult to conceive that CVST may occur after penetrating head

trauma in the presence of skull fractures that cross the sinus. In fact, CVST has

a reported incidence of 4% after a penetrating head trauma [63]. In addition,

there are a number of case reports and several small series of CVST cases asso-

ciated with skull fractures after closed head injury [60, 62, 67]. In one study,

CVST was found in 6.1% (8 of 131) of children with minor or severe head

injury (5 children with mild and 3 with severe cranial trauma) [69]. In most

cases, the transverse and sigmoid sinuses are involved. Thrombosis can occur in

association with mild head injuries in the absence of fractures [54, 68, 74]. The

exact mechanism is unknown, but may include compression of the sinuses due

to intracranial edema or bleeding, intramural hemorrhages caused by rupture of

small sinusoids, injury to the endothelial lining, changes in various components

of the blood after head injury, and extension of the thrombus from abrasions of

the scalp or injured emissary veins [57, 72]. Some of these patients with mild

head trauma have genetic or acquired thrombophilia, and the trauma may act as

a trigger for thrombosis [61, 67, 68, 72, 73].

There are some reports of CVST after high-voltage electric injury [77, 78].

The authors postulated that venous thrombosis could be explained by

vasospasm and intimal damage provoked by the electric discharge [77]. An

alternative or concomitant mechanism for the intimal damage may be related to

the heating effect of the electricity.
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Surgery [75, 76] and procedures (i.e. jugular catheter) [86–89] involving

the head or neck are well known causes of CSVT. Direct sinus lesion, dehydra-

tion, transient prothrombotic state, air embolism in patients operated on in a sit-

ting position [90, 91], and thrombophilia [92] have been suggested as putative

mechanisms. Central venous access devices are known to be thrombogenic. In

patients with central catheters and CVST, the clot begins in the subclavian or

jugular vein and propagates intracranially [86–89]. CVST may be more com-

mon than previously thought in patients undergoing internal jugular vein resec-

tion. The procedure can be necessary in cases of radical neck dissection or even

in cases involving benign neoplasms, such as glomus tumors. Among 17

patients subjected to resection, thrombosis of the sigmoid sinus was found in 4

and thrombosis of the transverse sinus in 3 [93]. However, there were no com-

plications, such as intracranial hemorrhage or signs of increased intracranial

pressure, in any of these patients. In another study, transverse sinus thrombosis

was observed in 5 of 107 patients who underwent suboccipital craniotomy or

translabyrinthine craniectomy for resection of a tumor [94]. Even surgical pro-

cedures not involving the central nervous system, i.e. cardiac surgery [92, 95]

and colectomy for ulcerative colitis [95, 96], have also been reported in associ-

ation with CVST.

Several reports have proposed that dural puncture may lead to CVST

[79–85]. Wilder-Smith et al. [85] described 5 cases of CVST after dural punc-

ture. Three of the 4 patients tested had hereditary activated protein C resistance

due to the factor V Leiden mutation, suggesting that thrombophilia may play a

role in these cases. One patient was taking an OC. The authors proposed two

explanations for thrombosis after dural puncture. In one, a downward pulling or

stretching or ‘rostrocaudal sagging’ effect is exerted on the intracranial contents

due to the negative spinal-cranial pressure gradient and this could provoke

injury of the cranial nerves, vessels, dura, and brain parenchyma, while the

other is cerebral venous vasodilatation triggered by the decreased cerebral

spinal fluid pressure, with resultant stasis. Vasodilatation is thought to arise

because of the abnormal pressure gradient between the cerebral vasculature and

cerebral spinal fluid space. As veins are thin walled and, within certain limits,

passively adjust to pressures in and around them, it is likely that a negative pres-

sure on the outside of the vein wall will result in dilatation.

Infection

Infection was one of the main causes of CVST in old series [97].

Fortunately, with the advent of antibiotics, it no longer predominates in recent

series. In the ISCVT, infection was a potential cause in only 12.1% (77 of 624)
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of patients [42]. However, it is still a noteworthy mechanism in children (see

table 4) [see also the chapter by Yager et al., this vol., pp. 122–131].

Otitis and mastoiditis may be complicated by thrombosis of the adjacent

sigmoid and transverse sinuses [95, 98]. Organisms causing infection

include Proteus species, Escherichia coli, Staphylococcus aureus, and anaer-

obes. A condition known as ‘otitic hydrocephalus’ can occur if the contralat-

eral transverse sinus is hypoplastic, resulting in impairment of absorption of

the cerebrospinal fluid, with subsequent intracranial hypertension and

papilledema.

Cavernous sinuses thrombosis most commonly follows S. aureus infection

of the middle third of the face [99]. Other antecedent sites of infection include

paranasal (usually sphenoid) sinusitis, dental abscess, and, less often, otitis media.

Superior sagittal sinus thrombosis most frequently accompanies bacterial

meningitis or air sinus infection [100]. Causative organisms include Streptococcus
pneumoniae, S. aureus, other streptococci, and Klebsiella species.

In one review, septic thrombosis most frequently involved the cavernous

sinuses (96 cases), followed by the lateral sinus (64 cases) and the superior

sagittal sinus (23 cases) [100].

In addition to local infection, systemic infection can be complicated by

CVST. Numerous agents have been reported (table 2) and include bacteria

(Mycobacterium tuberculosis [101–104], Mycoplasma pneumoniae [105],

Burkholderia pseudomallei [106], Fusobacterium necrophorum [107–109], and

Salmonella paratyphi [110]), viruses (measles [111], varicella-zoster virus 

[112, 113], hepatitis virus B and C [114–116], immunodeficiency virus

[117–119], and cytomegalovirus [119]), spirochetae (Lepstospira interrogans
[120], and Treponema pallidum [121]), parasitae (Plasmodium falciparum [122,

123], and Trichinella spiralis [124, 125]), and fungi (Rhizopus species [126–128],

Aspergillus fumigatus [129–134], and Coccidioides immitis [135]).

Table 2. Infective agents related to CVST

Bacterial: septicemia [16, 76], endocarditis [76], typhoid [76], tuberculosis [101–104], 

Mycoplasma pneumoniae [105], Burkholderia pseudomallei [106], Fusobacterium 
necrophorum [107–109]

Viral: measles [111], hepatitis virus B and C [114–116], varicella-zoster [112, 113], human

immunodeficiency virus [117–119], cytomegalovirus [119]

Spirochetal: leptospirosis [120], syphilis [121]

Parasitic: malaria [122, 123], trichinosis [124, 125]

Fungal: mucormycosis [126–128], aspergillosis [129–134], coccidioidomycosis [135]
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Cancer

Central nervous system tumors, as well as systemic malignancies and solid

tumors outside the central nervous system, can cause CVST. Central nervous

system tumors related to CVST include meningioma, glomus tumor, and med-

uloblastoma [75]. These tumors often directly compress the veins and sinuses of

the brain. Systemic malignancies, such as leukemia, or their treatment by drugs

(e.g. asparaginase, thalidomide, corticosteroids) or intrathecal therapy

(mechanical injury) [136] may predispose to CVST by a related hypercoagula-

ble state. In terms of solid tumors, CVST frequently results from metastatic dis-

ease [137, 138]. Carcinomatous infiltration may also predispose to CVST, but

is uncommon [138, 139]. Another rare cause is a paraneoplastic syndrome

[140–143]. Tumors can also compress the sinuses without provoking thrombo-

sis; this is especially the case for the superior sagittal sinus, also called the syn-

drome of ‘nonthrombotic occlusion of the superior sagittal sinus’. The

clinically distinctive feature is the lack of focal signs during the course of

chronic intracranial hypertension [144].

Among 7,029 patients seen in neurologic consultation in the Memorial

Sloan-Kettering Cancer Center between January 1994 and April 1998, 0.3%

(20) were diagnosed with CVST [136]. Nine of the 20 had hematologic

malignancies (6 with acute lymphocytic leukemia and one each with acute

myelogenous leukemia/leukemia cutis, chronic myelogenous leukemia, and 

T-cell leukemia) and 11 had solid tumors [4 had genitourinary cancers (2

prostate, 1 renal cell, and 1 nonseminomatous germ cell tumor), 3 breast can-

cer, 3 gastrointestinal cancer (2 esophageal and 1 rectal), and 1 melanoma].

The median interval from cancer diagnosis to CVST was 4 months for the

patients with hematological malignancies and 20 months for those with solid

tumors. This was because CVST in patients with solid tumors often results

from metastatic disease and is therefore a late complication, whereas, in

hematological malignancies, it is frequently a complication of initial treat-

ment (e.g. asparaginase) or a coagulopathy related to the disease itself. The

superior sagittal sinus was the most frequently affected sinus. The authors

argued that this sinus may be more susceptible to thrombosis due to its length

and location. In addition, a lower pressure and slower blood flow would lead

to increased stasis of the blood and subsequent thrombosis. The slower blood

flow may lead to tissue hypoxia and a decrease in the clearance of clotting

factors. In another study (the ISCVT), 7.4% (46 of 624) of patients with

CVST had a malignant disease (20 a solid tumor outside the central nervous

system, 18 a hematological malignancy, and 14 a central nervous system

tumor) [42].
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Acquired Prothrombotic States

Hyperhomocysteinemia
As early as 1969, homocysteine, a sulfur-containing amino acid, was pos-

tulated to affect atherosclerotic processes [145]. Increased blood concentrations

of homocysteine have been suggested to be a modifiable, independent risk fac-

tor for coronary artery disease, stroke, and DVT. Indeed, two meta-analyses

found an association between plasma homocysteine and DVT [146, 147]. With

regard to CVST, four case-control studies including, altogether, 222 patients

and 472 controls supported the homocysteine hypothesis [148–151]. A meta-

analysis of these studies found an odds ratio of 4.07 (95% confidence intervals

2.54–6.52; p � 0.001) for CVST in patients with hyperhomocysteinemia [15].

Homocysteine is thought to promote thrombosis through enhanced platelet

activation, increased thrombin generation, and impaired fibrinolysis, and by

causing endothelial dysfunction [152].

Nevertheless, several critical questions remain unanswered in the evolv-

ing controversial field of homocysteine and vascular disease. Firstly, two

recently published randomized clinical trials (the Heart Outcomes Prevention

Evaluation 2, HOPE-2 [153], and the Vitamins and Thrombosis, VITRO

[154], studies) failed to show that a lowering of homocysteine by B vitamin

supplementation reduces the risk of DVT. Secondly, although results from

case-control studies (in which blood for homocysteine measurements was col-

lected after the onset of thrombotic events in cases) support an association

between homocysteine and venous disease, data from prospective (or nested-

case-control) studies (in which blood for homocysteine measurements was

collected before the onset of the thrombotic events) tend to indicate a much

weaker relation [146]. This suggests that homocysteine may be an acute phase

reactant, rather than a risk factor. Further ongoing randomized trials are

needed before we can come to a decision on the benefits and risks of B vita-

min supplements for primary or secondary prevention of vascular arterial and

venous diseases.

Nephrotic Syndrome
Nephrotic syndrome is characteristically defined as heavy proteinuria

(�40 mg/m2 per hour), hypoalbuminemia (�25 g/l), and clinical edema and can

complicate any disease that damages the glomerular membrane basement mem-

brane. While most cases in children are attributable to minimal change

glomerulopathy and are referred to as idiopathic nephrotic syndrome, in adults

there are numerous etiologies, which include diabetes, amyloidosis, drugs (e.g.

nonsteroidal anti-inflammatory drugs), infections (human immunodeficiency

virus, hepatitis B and C), neoplasia, and systemic autoimmune diseases.
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The hypercoagulability state seen in nephrotic syndrome is multifactorial

in origin, and is caused, at least in part, by increased urinary loss of antithrom-

bin III, altered levels and/or activity of proteins C and S, hyperfibrinogenemia

due to increased hepatic synthesis, impaired fibrinolysis, and increased platelet

aggregability.

CVST caused by nephrotic syndrome was first reported in 1980 [155, 156].

CVST due to idiopathic nephrotic syndrome were recently reviewed by Fluss et

al. [157]. Assessing 4 of their own cases (from the Canadian Pediatric Ischemic

Stroke Registry) and an additional 17 from the literature, the authors found that,

while antithrombin levels were decreased relatively frequently, they were nor-

mal in almost half of patients, and that other contributing prothrombotic abnor-

malities were rarely observed. In the majority of cases, CVST presented during

the first flare or within 6 months after the onset of the nephrotic syndrome and

the prognosis was good in most patients. Nephrotic syndrome causes between

4.7 and 6% of all cases of CVST in childhood [95, 157].

In adults, it is a rarer cause of CVST (only 0.6%, 4 out of 624, of cases of

ISCVT) [42]. CVST related to nephrotic syndrome due to factor V Leiden, sys-

temic lupus erythematosus, human immunodeficiency virus-related nephropa-

thy, or systemic amyloidosis has been reported [158–160].

Antiphospholipid Antibodies
This topic is discussed in the next chapter.

Inflammatory Diseases

Vasculitis
Connective tissue diseases related to vasculitis, such as Behçet’s disease

[161, 162] and systemic lupus erythematosus [163], are well-recognized causes

of CVST. Case reports also suggest a relationship with temporal arteritis [164],

Wegener’s granulomatosis [165, 166], Sjögren’s syndrome [167], rheumatoid

arthritis [168], and Churg-Strauss syndrome [169].

In one study, among 250 patients with Behçet’s disease, 28% (70) had neu-

rologic involvement and, of these, 35% (25) had CVST [161]. Clinical and neu-

roimaging features of CVST in these patients were similar to those of patients

with CVST of other origins. CVST was the initial feature of Behçet’s disease in

2 patients, and in 6 patients thrombosis was contemporaneous with a flare of

the disease (aphthous ulcers, arthritis, and fever). Although, in the ISCVT, only

1% (6 of 624) of CVST patients had Behçet’s disease [42], in high prevalence

areas, such as Saudi Arabia, one quarter (10 of 40) of the CVST cases were

caused by Behçet’s disease [162].
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In many patients with systemic lupus erythematosus, lupus anticoagulant

plays a crucial role in the development of CVST. In fact, in one series of 6

patients with systemic lupus erythematosus, 3 patients were found to have lupus

anticoagulant [163]. However, other factors, such as defective fibrinolysis,

altered antithrombin III function, hyperfibrinemia, or coagulation changes

observed during pregnancy or nephritis, in particular during nephrotic syn-

drome, may be important.

Intestinal Inflammatory Disease
Ulcerative colitis and Crohn’s disease are idiopathic inflammatory diseases

of the gastrointestinal tract. Thromboembolism is a serious complication of

these disorders and reports of CVST in patients with ulcerative colitis appeared

40 years ago [170–174]. Abnormalities of the coagulation cascade, such as fac-

tor V mutations, proteins C and S deficiency, prothrombin gene mutation, or

hyperhomocysteinemia, in combination with corticosteroid administration,

could be key features for increasing the risk of thromboembolic complications.

Among 7,199 patients with ulcerative colitis or Crohn’s disease followed in one

institution, 1.3% (92) developed thromboembolic complications [175]. Nine

(10%) of these patients presented cerebral vessel involvement. The frequency

of cerebral venous thromboembolic complications in ulcerative colitis patients

appears to be greater than that in patients with Crohn’s disease. CVST may

occur even after remission of the disease [176]. In a recent paper, Umit et al.

[177] reviewed 20 cases of CVST and idiopathic inflammatory diseases pub-

lished in the literature.

Sarcoidosis
CVST is a very rare complication of neurosarcoidosis and only a few cases

can be found in the literature [178, 179].

Other Systemic Diseases

Thyroid Disease
Squizzato et al. [180] reviewed 13 patients with combined CVST and thyro-

toxicosis. Eight patients had thyrotoxicosis secondary to Graves’ disease and 1

secondary to subacute De Quervain thyroiditis, and in 4 the etiology was not spec-

ified. The authors claimed that it is unlikely that the association between CVST

and thyrotoxicosis is due to chance, and, in addition to thyrotoxicosis, additional

procoagulant influences are probably required for thrombosis to develop.

Hemodynamic factors, dehydration, and stasis of venous blood flow attributable

to goiter may also contribute to the multifactorial pathogenesis of CVST.



Risk Factors of Cerebral Vein and Sinus Thrombosis 35

Diabetes
Three case reports [181–183] and data on CVST in children (see table 4)

suggest that diabetes, acute diabetic hyperglycemia, and ketoacidosis might pro-

voke CVST. There is some evidence that patients with diabetes mellitus have

abnormally increased red blood cell adhesiveness to endothelium. However, it is

still unclear whether this is a chance association or a causal link. Dehydration may

be a confounding factor, and one of the patients had severe iron deficiency anemia

[181].

Hematological Diseases

Several hematological disorders have been linked to CVST; these are poly-

cythemia [184], paroxysmal nocturnal hemoglobinuria [185], sickle cell dis-

ease [186–191], idiopathic hypereosinophilic syndrome [192], hemolytic

anemia [75], and thrombocythemia [193, 194].

The association between iron deficiency anemia and CVST was recently

revisited. In a case-control study [195], severe anemia was significantly more

frequent in CVST patients (14 of 121) than controls (2 of 120; p � 0.005).

After multivariate analysis, the association persisted, with an odds ratio of 1.10

(95% confidence intervals 1.01–2.22; p � 0.05). Severe anemia was associated

with thrombocytosis in 13 of the 16 (81%) and was microcytic in 10 of the 16

(63%). There are three proposed hypotheses why iron deficiency anemia causes

thrombosis/ischemia. Firstly, thrombocytosis occurs secondary to iron defi-

ciency anemia and may be associated with a hypercoagulable state; secondly,

iron deficiency is thought to contribute to a hypercoagulable state by altering

flow patterns in vessels because of reduced red cell deformity and increased

viscosity; thirdly, hypoxia secondary to iron deficiency anemia can occur in sit-

uations of increased metabolic stress, such as dehydration and infection.

Drugs

In addition to OCs, several drugs have been implicated in the genesis of

CVST (table 3). However, only a few are consistently present in case series, while

most appear in anecdotal reports. Thus, in most situations, a causal relationship

cannot be established. Most reported cases are related to medications for cancer

(asparaginase [196–202], tamoxifen [203–205], and thalidomide [206–208]), to

hormone stimulation (androgen [209–212], danazol [213], isoflavone [215], and

drugs for ovary stimulation [216–218]), stimulation of progenitor cells (erythro-

poietin [219, 220]), or drugs related to homeostasis (heparin [221], heparinoid

[222, 223], and epsilon aminocaproic acid [224, 225]).
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Corticotherapy may also be a factor in the genesis of CVST. Numerous

cases of CVST have been described after corticosteroid use. Most involved high-

dose intravenous corticosteroids (e.g. methylprednisolone for multiple sclero-

sis), but others occurred after intrathecal infiltration or use for the treatment of

multiple myeloma, in particular when combined with thalidomide [206–208].

Corticosteroids appear to be a misleading factor when evaluating the relation-

ship between immunological diseases and CVST. For instance, the association

between multiple sclerosis and CVST seems to be due to dural puncture and cor-

ticosteroid use in these patients, rather than to the disease per se.

Asparaginase is a bacteria-derived enzyme that provides specific therapy

for lymphoid malignancies, such as acute lymphoblastic leukemia. Several

cases of CVST linked to asparaginase are found in the literature [196–202].

CVST is a unique feature of asparaginase-related thrombosis and is reported to

occur in 1–3% of patients [202]. Some authors suggest the use of anticoagulant

treatment or antithrombin concentrates for CVST primary prevention.

Tamoxifen, a selective estrogen receptor modulator with estrogen antago-

nistic effects in the breast, is an effective treatment for breast cancer. One of its

known side effects is systemic thromboembolic events. Seven cases of CVST

were recently reported with the use of tamoxifen [136, 203–205]. Tamoxifen

may cause thrombosis due to a reduction in levels of antithrombin and protein S.

Thalidomide is an adjunctive therapy for different medical conditions,

particularly multiple myeloma. A recent review showed that thalidomide,

Table 3. Drugs associated with CVST
OCs [6–15]

Asparaginase [196–202]

Tamoxifen [136, 203–205]

Thalidomide [206–208]

Androgen [209–212]

Danazol (synthetic androgen) [213]

Oxymetholone (synthetic androgen) [214]

Isoflavone [215]

Erythropoietin [219, 220]

Heparin [221]

Pentosan polysulfate [222, 223]

Epsilon aminocaproic acid [224, 225]

Intravenous immunoglobulin [226]

Clomipramine [227]

Lithium [228]

Sildenafil [229]

Ecstasy [230]

Vitamin A [231]

Steroids [232–235]
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dexamethasone, or the combination significantly increase the risk of DVT in

multiple myeloma patients 2.6-, 2.8-, and 8-fold, respectively [206]. Prophy-

lactic anticoagulation reduces this risk. Only a few cases of CVST linked to

thalidomide have been reported [207, 208]. Thalidomide induces apoptosis of

tumor cells and this has been shown to have thrombogenic potential. Moreover,

it can also damage endothelial cells, resulting in an increased adhesion of tumor

cells and platelet clumping and can lead to the production of procoagulant fac-

tors, influence the interaction of cancerous cells with these factors, and/or acti-

vate platelets and vascular endothelium.

Ovarian hyperstimulation syndrome is the most serious complication

of ovarian induction and, in severe forms, is characterized by ovarian enlar-

gement, ascites, electrolyte imbalance, hypovolemia, and hemoconcentra-

tion. Several cases of internal jugular vein thrombosis without neurological

complications have been reported [216]. However, CVST may also occur

[217–218].

Children

CVST in children [95, 98, 236–242] and neonates [98, 243–246] has differ-

ent causes from those in adults. A large difference is seen in the rate of the most

common risk factors between childhood series (table 4), probably reflecting

selection criteria bias. The frequency of idiopathic CVST is much lower (less

than 5%) [98, 240] than in adults (10%) [42] [see the chapter by Yager et al., this

vol., pp. 122–131]. As in adults, most children and neonates have a combination

of two or more potential risk factors [98, 245].

Although infection is now a less important cause of CVST, it is still related

to a substantial proportion of cases in children. In some series, it was found to

be linked to 47% [242] to 74% of cases [94], contrasting with the 12% in adults

[42]. Local infections, such as otitis media and mastoiditis, are particularly

common in preschool children. Dehydration, not necessarily in the presence of

infection, seems to be 10 times more common in children (21%) [94, 240] than

in adults (1.9%) [42].

Risk factors in neonates are different from those in children. In one large

study, perinatal complications were responsible for half of the cases (35 of 69

cases); these included hypoxia at birth (in 30), premature rupture of membranes

(in 4), maternal infection (in 4), placental abruption (in 2), and gestational dia-

betes (in 2) [240]. Dehydration was also an important cause, being implicated

in 30% of the cases. Another study pointed out that maternal gestational risk

factors may be a significant factor in cases of neonatal CVST, particularly in

children who present in the 1st week of life: 26% (10) of 38 women with babies
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Table 4. Risk factors of CVST in children in the four largest clinical series

First author Cases Infection Trauma Chronic disease Dehydration Thrombophilia Drug None

DeVeber, 911 25 (27%; NR 55 (60%; 19 (21%) 29 (39%) 14 (19%; 3 (3%)

2001 21 head or neck, 21 connective 11 asparaginase, 

[240] 4 septicemia) tissue disease, 3 OCs)

18 hematologic

disorder, 

12 cancer, 

8 cardiac disease,

5 disorder

requiring

indwelling

catheter)

Heller, 1092 44 (29%; 10 (7%) 33 (22%; NR 84 (56%) 37 (25%; 18

2003 [98] 14 mastoiditis, 27 leukemia or 33 steroids: 

5 otitis, lymphoma, 27 for leukemia

6 meningitis, 1 colitis ulcerosa, or lymphoma

8 septicemia, 2 diabetes, induction

5 sinusitis, 2 obesity, therapy,

2 varicella 1 nephrotic concomitant

zoster syndrome)3 with

infection, asparaginase, 

4 infectious 5 for induction

gastroenteritis) of fetal lung

maturation in

preterm labor,

1 for colitis

ulcerosa), 

4 OCs
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Kenet, 38 18 (47%) NR 8 (21%; NR 16 (42%) 1 (2.6%; OC) 7 (18%)

2004 (septicemia, 4  cardiac disease,

[242] varicella, 2 systemic lupus

acute erythematosus, 

encephalitis)4 1 homocysteinuria,

1 nephrotic 

syndrome)

Sébire, 42 31 (74%; 2 (4%) 17 (40%; 9 (21%) 18 (62%) of NR 0

2005 [95] 20 mastoiditis, 3 nephrotic the 29

1 sinusitis, syndrome, screened

10 other) 2 cardiac disease,

2 systemic lupus

erythematosus,

2 sickle cell

disease,

2 brain tumors, 

2 hydrocephalus

with recent shunt

surgery, 

2 leukemia, 

1 inflammatory

bowel disease, 

1 thalassemia)

NR � Not reported.
1Sixty-nine neonates not included.
2Data from 40 neonates could not be analyzed separately from 109 older children (28 days to 18 years), so the percentages were calculated

using the 149 patients.
3Calculated by the authors of this chapter.
4Numbers not specified.
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with CVST had preeclampsia or hypertension and 26% (10) had gestational

diabetes or chronic diabetes [246]. Major neonatal medical conditions, includ-

ing congenital heart disease and disseminated intravascular coagulation, may

also play an important role in the etiology of the disease [245].

Neurological Disorders

Various neurological disorders of vascular and nonvascular origin have

been linked with CVST. Cerebral vascular diseases include ischemic stroke [75,

76], hemorrhagic stroke [75, 76], arteriovenous malformations [247], and dural

arteriovenous malformations [248–268]. Nonvascular diseases comprise neuro-

surgery, head injury, meningitis, abscess, empyema [74], intracranial tumors,

intracranial metastasis, carcinomatous infiltration, glomus tumor [247], poren-

cephaly, arachnoid cysts [247], multiple sclerosis [269–276], and spontaneous

intracranial hypotension [277–282]. Most of these have already been discussed

above. We will briefly discuss dural arteriovenous fistulas, multiple sclerosis,

and spontaneous intracranial hypotension.

Dural Arteriovenous Malformations
Since the 1980s, several case reports and several small series have

described an association between dural arteriovenous malformations and CVST

[248–268]. In a recent paper, Tsai et al. [268] found that 39% (27 of 69) of

patients with dural arteriovenous malformations also had CVST. On analyzing

the features of patients with dural arteriovenous malformations with or without

CVST, they found no significant differences between the two groups with

regard to sex or location or type of malformation.

One hypothesis proposed for the link between the two diseases is based on

the physiological arteriovenous shunts between the meningeal arterial networks

and the dural venous sinuses. CVST could result in an increase in sinus and

venous pressure, opening these channels to create dural arteriovenous fistulas.

An alternative hypothesis, supported mainly by animal models, is that venous

hypertension induced by a CVST may reduce cerebral perfusion and lead to

ischemia, followed by angiogenesis. The aberrant angiogenic activity of the

dural blood vessels would then result in arteriovenous shunting.

Multiple Sclerosis
At least 13 patients with both multiple sclerosis and CVST have been

reported since 1994 [83, 269–276]. All of these, except 2 reported by

Vanderberghe et al. [274], had undergone lumbar puncture and/or received high-

dose intravenous methylprednisolone a few days prior to CVST. These authors
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argued that patients with multiple sclerosis could have a higher risk of CVST

since the relationship between plaques and brain parenchyma blood vessels is

close, with an inflammatory infiltration around small or medium-sized veins,

and that several immunological mechanisms lead to inflammation of the blood

vessel wall and to increased permeability of the blood-brain barrier [274].

Nevertheless, a fortuitous association of the two diseases cannot be discounted.

Spontaneous Intracranial Hypotension
Spontaneous intracranial hypotension, i.e. intracranial hypotension occur-

ring in the absence of any recent dural puncture or known tear, is a rare condi-

tion. In 2004, Berroir et al. [277] reported 2 cases of spontaneous intracranial

hypotension complicated by CVST. The diagnosis was established before lum-

bar puncture. Potential risk factors for CVST were prolonged bed rest due to

orthostatic headache and prothrombotic conditions, such as hereditary throm-

bophilia in one of the patients, and possibly the association of heavy smoking

and oral progestogens in the other. In the same year, Sopelana et al. [278]

reported an additional case of a 56-year-old man, a smoker and with hypercho-

lesterolemia, who presented spontaneous intracranial hypotension and trans-

verse, sigmoid jugular and superior longitudinal sinus thrombosis.

Complementary studies did not disclose any conventional cause for CVST. The

pathogenic connection between the two entities could be similar to that pro-

posed for dural puncture (see above). An alternative supposition is that the

velocity of the blood flow in the dural sinuses may be reduced in spontaneous

intracranial hypotension because of dilatation of the venous system which com-

pensates the cerebral spinal fluid loss, thus predisposing to thrombosis. A few

extra cases were published in recent years [279–282].

Arterial Risk Factors

Red clot (fibrin-rich) and white clot (platelet-rich) classically represent

two separate pathophysiological entities, which are, respectively, arterial and

venous thromboembolic diseases. With arterial disease, the processes of endothe-

lial damage/dysfunction, inflammation, and thrombogenesis (with coagula-

tion/platelet abnormalities) are well-recognized, resulting in the dynamic,

progressive disease of atherothrombotic disease. In reality, thrombogenesis and

atherogenesis are closely related. Since atherosclerosis is known to involve

platelet and coagulation activation, as well as fibrin turnover, it is not unreason-

able to suggest a plausible pathophysiological link between venous thromboem-

bolism and atherosclerosis [283]. Platelet and coagulation activation are

inseparable, reciprocally self-amplifying processes. Goon and Lip [283] argued



de Freitas/Bogousslavsky 42

that, instead of a ‘cause and effect’ scenario, a more likely one assumes that the

same ‘biological trigger’ is responsible for activating the coagulation and

inflammatory pathways in both arterial and venous thromboembolism. This

would be in line with the elevated levels of inflammatory mediators seen in

both conditions, as well as the increased risk of cardiovascular events in

patients with idiopathic venous thromboembolism.

Recent studies suggest that the two conditions have many risk factors in

common, including older age, obesity, diabetes mellitus, hyperlipidemia, and

hypertension [284, 285]. Furthermore, among individuals aged 65 years or older,

statin use is associated with a 22% reduction in the risk of DVT [286] and a diet

including more vegetables, fruit, and fish and less red and processed meat is

associated with a 30–45% lower incidence of the disease [287]. Further data sug-

gesting a link between arterial and venous pathologies come from the Multiple

Environmental and Genetic Assessment case-control study including men and

women aged 18–70, in which moderate exercise was associated with a lower risk

of venous thrombosis of the arm [288]. However, some results of other large

cohort studies, such as the Atherosclerosis Risk in Communities study [289] and

the Cardiovascular Health Study [290], do not support this view. If the pathogen-

esis and risk factors of venous thromboembolism are less well understood than

those of arterial disease, far less information is available for CVST. The infre-

quency of the disease and the fact that certain well-established risk factors for

venous thromboembolism (e.g. age and obesity) do not play a role in CVST limit

our understanding of the disease. Further multicentered, case-controlled studies

are crucial for determining the etiology of, and, therefore, methods for the pre-

vention of, CVST.
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Abstract
Cerebral venous thrombosis (CVT) is a multifactorial disease. The idiopathic form rep-

resents 12.5% of all CVTs and is diagnosed by excluding known risk factors. As for any form

of venous thromboembolism, thrombophilia should be suspected in patients with recurrent

CVT or less than 45 years of age or positive family history for venous thrombosis or no evi-

dent acquired risk factor. A significant number of CVT patients with thrombophilia also pre-

sents other predisposing factors. This suggests that both (1) thrombophilia should be sought

for in patients with CVT whether a cause is found or not, and (2) the presence of throm-

bophilia should not deter the search for other potential causes. Laboratory investigation for

markers of thrombophilia in patients with CVT may include the identification of various

congenital defects (or deficiencies) of natural anticoagulant pathways (factor V Leiden being

the most frequent), as well as of acquired markers (such as antiphospholipid antibodies).

A diagnostic test should only be performed if its result will affect the subsequent mana-

gement of the patient (e.g., the duration of treatment aimed at preventing further thrombotic

episodes) or of his family members. The aim of this chapter is to review the available evi-

dence regarding the role played by known thrombophilic factors in CVT and to offer practi-

cal suggestions for undertaking laboratory investigations in the most appropriate manner.

Odds ratios for CVT were found to be 3.38 for factor V Leiden mutation, 9.27 for

Prothrombin G20210A mutation, 32 for antiphospholipid syndrome and 4.07 for hyperho-

mocysteinemia. Some simple but critical rules are finally given to help when testing for

thrombophilia.

Copyright © 2008 S. Karger AG, Basel
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Laboratory investigation for markers of thrombophilia (i.e. thrombosis

risk) may constitute a part of the clinical workup for patients being investigated

for cerebral vein thrombosis (CVT). Such assessments may include identifica-

tion of various congenital defects (or deficiencies) in natural anticoagulants, as

well as acquired markers such as antiphospholipid antibodies (aPL). Such

investigations are not always straightforward. For example, congenital defects

are rare, and so testing for these needs to be balanced against the high risk of a

false-positive diagnosis. Overall, testing should only be undertaken if it will

guide future management of the affected patient or other possible family mem-

bers. Unfortunately, for thrombosis risk, this is by all means not always clear.

The aim of this chapter is to review the available evidence regarding the role

played by known thrombophilic factors and to offer practical suggestions for

undertaking laboratory investigations in an appropriate manner.

Basic Concepts about Thrombophilia

Congenital Thrombophilia
Familial thrombophilia may be defined as a heightened propensity to, or

increased risk of, thrombosis that has a familial or genetic basis. Certain fac-

tors, or markers, are associated with an increased risk of familial thrombosis,

including congenital deficiencies in various natural anticoagulants such as

antithrombin (AT), protein C (PC), and protein S (PS) [1–3]. In addition,

genetic polymorphisms such as prothrombin G20210A are also associated with

thrombosis, as are cleavage-resistant genetic variants of factor V (FV) including

FV Leiden (FVL), and which give rise to a condition commonly known as acti-

vated PC resistance (APC-R) [1–5]. Each of the above risk factors constitutes

an element of increased thrombotic risk, which is compounded when concomi-

tant [1] (table 1). For example, the heterozygous deficiency of AT, PC, or PS, or

the presence of heterozygous FVL is thought to increase the relative risk of

venous thromboembolism (VTE) by a factor of around 5–10. However, com-

pound defects (i.e. two or more separate risk factors or homozygous FVL) are

thought to increase the relative risk 50- to 80-fold.

Acquired Thrombophilia
Acquired thrombophilia (i.e. nonfamilial or genetically based) arises in a

variety of situations, which include pregnancy and puerperium, surgery, cancer,

immobilization, hospitalization, oral contraceptives (OC), hormone replace-

ment therapy, medication, and aPL. Although only the last in this list can be

assessed by laboratory testing, all of these may be considered as risk factors for

thrombosis, and assessment additionally included when undertaking clinical
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Table 1. Summary of the most common congenital disorders and acquired conditions associated with thrombosis and for which laboratory

testing is easily available

Defect Estimates of incidence or prevalence Problems and limitations

(basis) associated with laboratory testing

Controls Deep vein Cerebral vein 

(general thrombosis thrombosis

population)

Thrombophilia Approximate Studied OR for

population RR of patients CVT

thrombosis, OR

AT, PC or �0.5% �5% 10 AT 4/172 AT 2.69 High assay variability (poor assay

PS PC 6/172 (95% CI reproducibility); high risk of

deficiency PS 4/172 0.66–10.96; false-positive case identification

(congenital) p � 0.19); (�likelihood of true positive

PC 11.10 identification); some risk also of 

(95% CI false negatives; PC and PS are

1.87–66.05; vitamin K dependent, so false low

p � 0.009); results also possible as artefact 

PS 12.49 of VKA; identification of PC or 

(95% CI PS deficiency will not generally

1.45–107.29; affect type or duration of therapy

p � 0.03)



Io
rio

/B
a
rn

e
s/V

e
d
o
v
a
ti/F

av
a
lo

ro
5
8

APC-R �5% 20–60% 5 (heterozygous FVL FVL False positive and false

and/or Caucasians depending on FVL) 469/3023 3.38 negatives occur in �5% of test 

FVL case selection 50 (homozygous PT-M (95% CI cases for APC-R, where result

and/or FVL) 360/2688 2.27–5.05; may also be influenced by OAT and

PT-M 3 (heterozygous p � 0.001); heparin therapy; identification

(congenital) PT-M) PT-M of APC-R and/or FVL defect 

10 (homozygous 9.27 and/or PT-M will not generally

PT-M) (95% CI affect type or duration of therapy

5.85–14.67;

p � 0.001)

�APS: �1% up to 20% 10 aPL aPL 32 LAC more consistently associated

aPL and LAC depending on 16/152 (95% CI with thrombosis than aCL or �2GPI

(acquired) case selection 4.2–243.8) antibodies; LAC testing potentially

affected by OAT or heparin therapy; 

high assay variability/poor assay

reproducibility, false positives and 

false negatives, transient antibodies,

considerable laboratory to laboratory

variation

Table 1. (continued)

Defect Estimates of incidence or prevalence Problems and limitations

(basis) associated with laboratory testing

Controls Deep vein Cerebral vein 

(general thrombosis thrombosis

population)

Thrombophilia Approximate Studied OR for

population RR of patients CVT

thrombosis, OR
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HHcy unknown up to 20% 2 HHcy HHcy Relatively low relative risk for

(either) (?�1%) depending on 222/472 4.07 thrombosis; testing requires specific

case selection (95% CI collection conditions (e.g. fasting

2.54–6.52; and/or methionine loading)

p � 0.001)

High unknown up to 20% 2 Low relative risk for thrombosis;

levels of (?�1%) depending on testing possibly influenced by

factors case selection OAT and heparin therapy; not

VIII, IX, always clear what constitutes a

XI (either) ‘high’ level

aCL � Anticardiolipin antibodies, APC-R � activated protein C deficiency, aPL � antiphospholipid antibodies, APS � antiphospholipid

syndrome, AT � antithrombin, ß2GPI � anti ß2 glycoprotein I antibodies, CI � confidence intervals, CVT � cerebral vein thrombosis, FVL �
factor V Leiden mutation, Hcy � homocystein, HHcy � hyperhomocysteinemia, LAC � lupus anticoagulant, MTHFR � metylentetrahydrofo-

late reductase, OAT � oral anticoagulant therapy, OC � oral contraceptives, OR � odds ratio, PC � protein C, PS � protein S, PT-M �
prothrombin G20210A mutation, RR � relative risk, VKA � vitamin K antagonists, VTE � venous thromboembolism. 

Thrombosis risk is significantly compounded when multiple defects are present. Table represents a synopsis of published data.



reviews or considering possible prophylaxis of thrombosis-prone individuals.

Other potential markers of thrombophilia that can be assessed by laboratory

testing are hyperhomocysteinemia (HHcy) and high levels of some clotting fac-

tors such as factors VIII, IX and XI (table 1). These events may be acquired or

inherited.

Thrombophilia and Cerebral Venous Thrombosis

According to published case series, thrombophilia represents up to 34.1%

of all causes of CVT, genetic and acquired thrombophilia representing up to

22.4 and 15.7% of cases, respectively [6, 7]. In the following paragraphs, we

will review the published evidence of association between CVT and common

causes of thrombophilia.

Genetic Thrombophilias

AT, PC and PS Deficiency
Prevalence of AT, PC and PS defects in patients with CVT are 2.5, 5.2 and

3.1% respectively, according to the study of Martinelli et al. [8]. Dentali et al.

[9] identified two high quality studies investigating the role of AT, PC, and PS

deficiencies as risk factors for CVT [8, 10]. The combined odds ratio (OR) of

the 2 studies was 2.69 (95% CI, 0.66–10.96; p � 0.19) for AT, 11.10 (95% CI,

1.87–66.05; p � 0.009) for PC and 12.49 for PS (95% CI, 1.45–107.29;

p � 0.03). Moreover, several case reports can be found in the literature of

patients with CVT and familial AT deficiency [11, 12], PC deficiency [13–15]

and PS deficiency [16, 17]. However, due to the overall low number of patients

in all these studies, the confidence interval around the overall mean risk ratio

remains very wide, and it is impossible to draw any definite conclusion.

FVL Mutation
Activated PC is the antithrombotic protein that normally cleaves and inac-

tivates coagulation factors Va and VIIIa. In 1993, Dahlback et al. [18] described

a new cause of familial thrombophilia characterized by a poor anticoagulant

response to APC (APC-R) that was later related to a mutation in the blood coag-

ulation FV gene (Arg506Gln), called FVL [19]. The prevalence of the FVL

mutation ranges from 0 to 7% [20] in Caucasians, and the mutation is responsi-

ble for 95% of APC-R cases. APC-R and FVL are a major risk factor for VTE,

found in about 15–20% of patients [21–24].

A meta-analysis by Dentali et al. [9] (including thirteen studies, 469 case

and 3,023 control subjects) found a pooled OR for CVT in patients with FVL
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mutation of 3.38 (95% CI, 2.27–5.05; p � 0.001). Prevalence of FVL has been

found in 10–25% of CVT patients in small case-control studies [25–31].

According to Tufano et al. [32], the frequency of the FVL allele was 10% (2/20)

in patients with CVT and almost half (5.8%, 19/328) in controls (OR 1.8; 95%

CI, 0.39–8.4; p � 0.34). Similarly, Ludemann et al. [31] found the presence of

heterozygous FVL mutation in 14.5% of patients with CVT but in only 6.25%

of controls (RR � 2.55).

Prothrombin Mutation
Prothrombin is a key protein in the process of hemostasis. There are few

mutations in the prothrombin gene leading to hypo- or dysprothrombinemia,

and recently a mutation with the substitution of G to A at position 20210 has

been recognized as the second most common hereditary risk factor for deep

venous thrombosis as well as CVT [30, 33–37]. Patients with PT-M have higher

levels of plasma prothrombin, but it is supposed that their risk of VTE increases

markedly only if other risk factors – mostly acquired, such as smoking and the

use of OC – are present [30, 37]. Several case reports of association between

PT-M and CVT were published [30, 34–36, 38–45].

The meta-analysis by Dentali et al. [9] found 9 studies investigating the

role of PT-M in CVT, for a total of 360 patients and 2,688 controls. The pooled

OR for CVT was 9.27 (95% CI, 5.85–14.67; p � 0.001) in patients with PT-M

compared with controls. Among single studies who found PT-M to be a signifi-

cant risk factor for CVT [30, 34, 46], Martinelli et al. [30] showed that PT-M

increases the risk of CVT by a factor of 10. This relation was not affected by the

concomitant presence of the FVL mutation. Rodrigues et al. [46] investigated

the prevalence of PT-M in 42 consecutive patients with objectively confirmed

diagnosis of CVT and compared them with 134 healthy subjects and found this

mutation in 16.7% of patients and 0.7% of the control group, yielding an OR

for CVT of 26.6 (95% CI, 3.2–223.5).

Other Congenital Thrombophilic Conditions
Sporadic case reports on the association between CVT and hyperfibrino-

genemia or congenital deficiencies in the fibrinolytic pathway (tPA deficiency

and plasminogen deficiency) were reported [47]. Mutations of FV other than

FVL exist but do not appear to be related to the development of CVT. Dindagur

et al. [48] investigated the presence of FV A4070G (R2 allele) in 50 Indian

women with puerperal CVT and 100 healthy controls. They found 6 cases

(12%) heterozygous (none homozygous) and 12 controls (12%; 9 heterozygous

and 3 homozygous) for FV A4070G mutation (OR 1.00; 95% CI, 0.31–3.13,

p � 1.000). They also did not find co-inheritance of FV A4070G with FV

G1691A in any of the subjects and observed that the A4070G mutation in FV is



highly prevalent in the Indian population but not associated with an increased

risk of CVT in Indian puerperal women.

Acquired Thrombophilia

Antiphospholipid Antibody Syndrome
Antiphospholipid syndrome (APS) is an autoimmune disease character-

ized by clinical manifestations like venous or arterial thrombosis or pregnancy

complications and occurrence of repeatedly elevated levels of antiphospholipid

antibodies (generically aPL, most commonly anticardiolipin antibodies, aCL)

[49]. The incidence of thrombotic complications in patients with APS is near

2.5% patient/year [50]. Lupus anticoagulant (LAC) is a recognized risk factor

for VTE (OR 3.6; 95% CI, 1.2–10.9) in patients with APS [51] and this risk

increases to 10 times when LAC is associated with �2-glycoprotein I (�2GPI)

[52], which is one of the main target antigens of aPL [53]. Several hypotheses

have been proposed to explain the mechanisms by which aPL promote throm-

bosis [54–56], but their discussion falls beyond the boundaries of this paper.

The presence of aPL (aCL or LAC) has been suggested as a risk factor for

CVT [6, 57–62]. Most of the reported cases refer to patients with systemic

lupus erythematosus, but few cases of CVT associated only with LAC [58, 60,

62] or aCL [25, 58, 61, 63–65] were reported. The prevalence of APS in patients

with CVT is reported mainly between 7 to 10% [8, 25, 66]. Two studies evalu-

ated APS as risk factor for CVT. The first [67] evaluated the role of aCL in CVT

and found a significantly higher incidence of aCL in patients (7/31) in compar-

ison to controls (1/31) (OR 8.75; 95% CI, 1.01–75.64). The second [8] consid-

ered APS patients and found a higher incidence of aPL in patients with CVT

(9/121) compared with controls (0/242).

Mixed Thrombophilia

Hyperhomocysteinemia
In general, elevated plasma levels of homocysteine are associated with an

increased risk of occlusive arterial vascular disease and VTE. In contrast, little

information about the role of homocysteine in CVT is available. HHcy (normal

range 5–15 mM) has been reported in 27–43% of patients with CVT according

to some authors [8, 68].

A meta-analysis [9] of the 4 case-control studies evaluating HHcy in

patients with CVT [8, 68–70] showed a pooled OR of 4.07 (95% CI, 2.54–6.52;

p � 0.001) for CVT in patients with HHCy.
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Martinelli et al. [8] published a case-control study on CVT and HHcy and

found that HHcy was present in 33 of 121 patients (27%) and 20 of 242 healthy

controls (8%; OR, 4.2; 95% CI, 2.3–7.5). The multivariate analysis including

HHcy, serum folate, cobalamin, and the 677CT-MTHFR mutation showed that

the only variable associated with a heightened risk of cerebral vein thrombosis

was HHcy (OR, 5.4; 95% CI, 2.6–11.4). Two years later, Tufano et al. [32] con-

firmed that the frequency of the 677CT MTHFR genotype was 20% (4/20) in

patients with CVT and 18.3% (60/328) in controls (OR 1.1, 95% CI, 0.3–3.2;

p � 0.75, �2 test). Cantu et al. [69] published a case-control study on 45

patients with CVT and found that high plasma concentrations of homocysteine

and low plasma folate levels were associated with an increased risk of CVT in a

population with low socioeconomic conditions and deficient nutritional status.

The authors hypothesized that HHcy may contribute to the relatively high inci-

dence of CVT in the Mexican population (where CVT represent 8% of all cases

of cerebrovascular disorders in a Mexican registry [71]). Further, HHcy was

found in 13/30 of patients with idiopathic CVT (43.3%) versus 4/40 (10%) of

sex-matched healthy controls (OR � 6.88, p � 0.002) [68].

The Relevance of the Association of More Than One Thrombophilic
Risk Factor and the Effect of Age, Pregnancy and Other Conditions

Association of Thrombophilic Risk Factors
Even the best planned case control study reported in the previous para-

graphs could not specifically evaluate the effect of a single thrombophilic risk

factor, since the necessary super-selected population does not permit to get

clinically useful confidence intervals. Even more difficult to assess is the

combined effect of several thrombophilic factors coexisting in the same patient,

although this is an unlikely or rare occurrence. However, in the field of

idiopathic venous thrombosis the relative risk point estimate for the combina-

tion of thrombophilic risk factors, even if defined by wide confidence intervals,

is usually very high [30, 39]. Congenital deficiencies in AT, PC and PS can be

associated with FVL [72–74]. The coexistence of PT-M and FVL mutations has

already been associated with juvenile and recurrent VTE [39, 75], and the

presence of the homozygous MTHFR variant increases the risk of venous

thrombosis in FVL carriers [76].

The issue of the value of combined thrombophilic risk factors in the field

of CVT was dealt with in some of the previously mentioned papers. Tufano

et al. [32] reported the presence of associated mutations in 3 patients (15%): 2

with PT-M mutation plus MTHFR and 1 with PT-M plus FVL, and showed an

increased risk for the 3 combinations (OR 5.6; 95% CI, 1.1–25.3; p � 0.03).



Similar associations were also reported by Madonna et al. [77]. In 2005, Le

Cam-Duchez et al. [78] retrospectively evaluated that CVT risk is increased in

patients with PT-M G20210A mutation when associated with the PC promoter

CG haplotype (OR � 19.8; 95% CI, 2.1–186.5).

Pregnancy, Elderly and Other Predisposing Conditions
The majority of the studies already presented also reported cases of associ-

ation of thrombophilic genes with known triggering factors such as pregnancy,

puerperium, estrogen-containing preparations, other systemic diseases. The

role of these conditions is treated in more detail elsewhere in this book, but

some basic issues are reported here to permit discussion of their role in the

interaction with thrombophilic risk factors.

Pregnancy and Related Conditions
Pregnancy, puerperium and the use of estrogen-containing preparations are

considered triggering factors for venous thrombosis. Pregnancy induces several

changes in coagulation system, which persist at least during early puerperium,

resulting in a prothrombotic state. Hypercoagulability worsens further after

delivery as a result of volume depletion and trauma and in the case of gravidic

hypertension. During puerperium, additional risk factors include caesarean

delivery and infections (other than pneumonia or influenza). In the case series

of Ferro et al. [6], pregnancy and puerperium are reported in 6.3 and 13.8%,

respectively, of the female population with CVT younger than 50 years.

Genetic Thrombophilias
In the series of Deschiens et al. [25] none of the 4 cases with FVL was

found in the group of idiopathic CVT patients. All had associated risk factors

or potential causes: systemic lupus, postpartum, primary APS, nephrotic syn-

drome, cervical myelitis. This strongly suggests that either the presence of

FVL is coincidental or that other circumstantial risk factors (such as preg-

nancy or OC) are crucial in the occurrence of CVT in these subjects [27, 79].

Further, Martinelli et al. [8] reported an OR of 79.3 (95% CI, 10.0–629.4) for

the combination of PT-M and OC in patients with CVT. The same study also

reported data on the association between FVL and OC with an OR of 30.0

(95% CI, 3.4–263.0). In 2005, Le Cam-Duchez et al. [78] retrospectively eval-

uated that CVT risk is increased in females with PT-M on estrogen treatment

(OR � 24; 95% CI, 2.26–127.3). Rodrigues et al. [46] found that 72% of their

42 consecutive patients with CVT had at least one acquired risk factor or pre-

disposing condition for VTE and that of the 7 carriers of PT-M 5 had other

known acquired predisposing conditions. Moreover, they found that among the
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5 women with inherited thrombophilia, there were 4 who were also OC users.

These data stress the importance of looking for APC-R and prothrombin muta-

tion in all patients with CVT, whatever the cause, and even in the absence of

personal or family history of venous thrombosis. However, as a caveat to this

recommendation, please refer to ‘Laboratory Testing for Thrombophilia in

CVT Patients’ below.

Acquired Thrombophilias
Beside systemic lupus, CVT has occasionally been reported with aCL, but

other predisposing factors were also frequently present: pregnancy [58],

nephrotic syndrome [58] or postpartum [80]. This suggests that factors other

than aCL alone are important to induce CVT. In a case series of 40 CVT patients

[25], in 2 of the 3 patients with aCL antibodies other conditions coexisted: sys-

temic lupus and FVL in one, FVL in the other. Seventy-five percent of the aCL

patients (6/8) in the study of Carhuapoma et al. [65] were associated with OC

use, pregnancy, or puerperium. A similar coexistence of risk factors such as PS

deficiency, OC use, or puerperium in patients with peripheral venous thrombosis

or CVT carrying the FVL mutation is being recognized with increased fre-

quency [25, 64, 72, 73, 79, 81]. The combination of HHcy and OC increased the

risk to an OR of 19.5 (95% CI, 5.7–67.3) in patients with CVT [8].

Age
Age is the strongest risk factor for venous thrombosis. This also applies to

CVT. Data from the registry of Ferro et al. [82] evidenced differences between

the young and middle-aged population (�65 years) and the elderly population

(�65 years). Statistically significant differences have been found for the idio-

pathic form (37% in the elderly and 10% in the young and middle-aged), the

presence of polycythemia and thrombocythemia (12 vs. 2%, respectively, in the

two populations) and the presence of solid neoplasms outside central nervous

system (CNS), CNS disorders, or dural fistulae (all more frequent in the

elderly). No OC, pregnancy, puerperium and hormone replacement therapy

were found in the female population aged �65 years. A case series of 123

patients from birth to 18 years [83] showed that the most frequent prothrom-

botic marker was the presence of aCL. Other abnormalities included decreased

levels of PC, AT, PS, fibrinogen, and plasminogen and the presence of LAC,

FVL, and PT-M (defects are reported with decreased frequency). The deficien-

cies of AT, PC, and PS were in many cases caused by an acquired disorder such

as liver disease, nephrotic syndrome, or disseminated intravascular coagulation.

Procoagulant drugs were given to 14 children: 11 received asparaginase, and 3

received OC.



Laboratory Testing for Thrombophilia in CVT Patients

As shown from the data reported, the pathogenesis of CVT is multifactor-

ial, and a diagnosis of idiopathic CVT is generally made when a thorough diag-

nostic evaluation does not reveal any potential risk factor. According to the

general rules of VTE, inherited thrombophilias should be suspected if a patient

has recurrent CVT, is less than 45 years old, has a family history of venous

thrombosis or has no apparent acquired risk factor. However, in a number of

CVT cases, acquired (aPL) or congenital varieties of thrombophilia (FVL being

the most frequent) are almost invariably associated with other predisposing fac-

tors. This suggests that (1) these abnormalities should be looked for in patients

with CVT whether a cause is found or not, and (2) their presence should not

deter the search for other potential causes. The detection of such abnormalities

has major practical consequences on the long-term management of patients to

prevent further thrombotic episodes [25]. Conditions such as APC-R unrelated

or due to the FVL mutation, PT-M and even aCL that further lead to a pro-

thrombotic state should be suspected in the presence or absence of an exoge-

nous factor.

Pros and Cons of Thrombophilia Testing: Practical Issues in 
Laboratory Practice
Although laboratory testing may be recommended when assessing patients

with confirmed thrombosis, it is important to gain an appreciation of current

opinion and debate regarding the relative merits of testing for and against vari-

ous markers of thrombophilia [1–3, 84, 85]. Most hemostasis laboratories can

perform thrombophilia tests, and their availability tends to encourage both

wanted and unwanted clinical ordering. Indeed, tests for AT, PC, PS, APC-R,

FVL, PT-M, aPL, LAC, and clotting factors are now common procedures for

most hemostasis laboratories, and clinically ordered testing has become very

popular, i.e. Hcy [86, 87]. The ‘for testing’ case often relates largely to the com-

mon availability of these tests, and to possible influences on future treatment or

therapy for both the patient and other possibly affected family members. That is,

the tests are widely available, any clinician can order them, and they could influ-

ence the manner in which patients or their relatives may be managed, so why not

request such testing? The ‘against testing’ case (or possibly very select testing

case) relates to the cost of testing, the known laboratory limitations regarding

testing, the high likelihood of false-positive identification, and the fact that iden-

tification of many of these markers will not ultimately influence clinical man-

agement in most cases. So, overall, testing may help sometimes, but often it will

not help, and in some cases may actually result in more adverse outcomes than

those that would have arisen from not testing.
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The case for AT, PC and PS is a good example. These tests are widely

available, and now form a high proportion of the workload for most hemosta-

sis laboratories [87]. Although these deficiencies may account for up to 5% of

cases of familial thrombophilia, true congenital deficiencies of AT, PC and PS

are in fact very rare, and would be present in �0.5% of the general population

[1] (table 1). Laboratory testing for these markers is also problematic, with

high assay variability (or poor assay reproducibility), both within and between

laboratories [87–89]. Also poorly recognized by clinicians is the fact that the

normal reference range is generated by testing a limited number of normal

individuals, and mathematically calculated to capture only around 95% of the

normal population. Thus, we should expect that up to 5% of laboratory tests

are going to represent either a false positive or a false negative. This is not such

a problem when testing for fairly common defects, but it becomes a huge issue

when testing for rare defects, or when undertaking a battery of tests. What this

means in practice, for AT, PC and PS for example, is that for every true posi-

tive (congenital deficiency) identified, the laboratory testing will generate at

the very least the same number of false-positive cases. Indeed, it is generally

even worse than this, because of the previously stated assay reproducibility

problems, and the fact that PC and PS are vitamin K-dependent factors with

plasma levels consequently influenced by oral anticoagulant therapy (OAT).

Most people who have had a major thrombotic event are placed on OAT as part

of their management. Most of these patients are also tested for AT, PC and PS

because they have had a thrombotic event. If they are inappropriately tested

when they are on OAT, the chance that they will yield a false low level of PC

and/or PS is very high, and so too is the possibility of a false-positive identifi-

cation. With local personal experience, confirmed by others, around 30% of

thrombophilia-based testing is inappropriately requested by clinicians whilst

patients are on OAT [86, 87, 90]. Since the identification of PC and/or PS defi-

ciency will not generally alter the immediate patient management therapy, test-

ing is rarely ‘urgent’ nor it is often generally required. The risk of recurrence of

thrombosis from PC or PS deficiency is only around 1.4� the risk of patients

without apparent thrombophilia [91], so long-term OAT therapy is rarely con-

sidered appropriate [91, 92]. Since the risk of recurrence of thrombosis from

AT deficiency is somewhat higher, at around 2� the risk of others [91],

longer-term OAT therapy may be considered as appropriate [91, 92].

Although APC-R testing is also potentially influenced by OAT [86, 90], the

case for test limitations in APC-R and FVL is somewhat different from those

noted above for AT, PC and PS. APC-R and FVL are actually fairly common

events in the general population (positive in up to 5% of the Caucasian popula-

tion; table 1), so the comparative relative risk of a false positive is lower than

that for AT, PC and PS. However, the very commonality of APC-R and FVL



among the general population suggests a low likelihood of thrombosis risk con-

tribution to any new thrombophilic event when found alone. This has been con-

firmed by a meta-analysis of published data, which showed that the presence of

FVL was associated with increased odds of recurrent VTE of only 1.4 [93]. In

other words: (a) most people with laboratory-defined APC-R and/or FVL may

never go on to having an initial thrombotic event, so detecting APC-R and/or

FVL in a patient that has not yet suffered one thrombotic event will not on its

own help predict any future occurrence; (b) detecting APC-R and/or FVL in a

patient that has suffered a thrombotic event will not necessarily identify APC-R

and/or FVL as the cause of that event; (c) the risk for recurrence of a subse-

quent thrombotic event in an individual with APC-R and/or FVL is not much

higher than that in any other individual; (d) an individual patient having had a

thrombotic event and found positive for APC-R and/or FVL will not usually be

managed or treated any differently to a patient having had a thrombotic event

and found to be negative for APC-R and/or FVL. Thus, in general, testing for

APC-R and/or FVL is rarely ‘urgent’ or practically useful (although, in contrast,

selective case testing may be useful – see below).

On the other hand, knowledge regarding the possible reasons contributing

to a thrombotic event (e.g. AT, PC, PS deficiency, and/or APC-R and/or FVL)

may be useful in terms of familial studies and patient feedback, particularly if

compound or combinations of defects are found, or if prophylaxis in high-risk

situations (e.g. immobilization on long haul flights) is being considered.

Accordingly, clinicians need to balance the ‘need’ to identify true cases of AT,

PC and PS deficiency, and/or APC-R and/or FVL (etc.) against the very high

risk of a false-positive identification of AT, PC and PS deficiency, and the

common chance of identifying APC-R and/or FVL. The main important con-

siderations are appropriate case selection and follow-up confirmation (see

below).

The situation for acquired disorders is again somewhat different from that

above. Although testing for antiphospholipid antibodies (aPL) is also a com-

mon laboratory test request, the main problems relate to high rates of false pos-

itives and false negatives, a high level of laboratory to laboratory (or test

method) variation, and poor inter-method standardization [88, 94, 95].

Furthermore, the test most consistently associated with thrombosis is the clot-

based LAC test [96], but as this is a clot-based test using plasma, there are again

problems of testing patients undergoing OAT, as well as heparin therapy. With

immunoassay-based tests (i.e. ACL, ß2GPI), the main problems relate to the

method- or laboratory-based bias or variability, so that a positive result in one

laboratory is often seen as a negative result in another laboratory [94, 95].

Again, strategies for overcoming the limitations of these test systems are pro-

vided in the next section.
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Recommendations for Laboratory Testing Strategies
There are two main components of a diagnosis of a familial thrombophilia

deficiency such as AT, PC, PS, APC-R or FVL. The first step is a proper clinical

evaluation, and this requires taking careful and appropriate clinical histories,

both personal and familial. The second component is laboratory testing. A diag-

nosis of familial deficiency requires elements of both, not one or the other. In the

context of CVT, case selection becomes very important – if testing is performed

on patients with lower level likelihood for disease, the result is more likely to be

a false positive. Clinicians must also recognize the importance of not undertak-

ing laboratory testing whilst patients are on OAT, and in some cases heparin ther-

apy, and should never diagnose deficiencies of AT, PC and PS solely on the basis

of reported low laboratory test results. For identification of other thrombophilia-

associated markers, similar caveats can be imposed. In general, laboratory test-

ing is recommended only when the findings might be considered clinically

useful (i.e. will influence management, either primary or secondary prevention

or treatment type and duration). Unfortunately, for general thrombophilia-related

laboratory testing, it is not always clear when this might be the case. What labo-

ratories and clinicians both need are some simple, clear, evidence-based guide-

lines on thrombophilia testing. These guidelines should include whom to test,

when to test, and what to test. Although such recommendations have been pub-

lished [97–99], including very detailed consensus-based publications from the

USA and UK, there is still some dissension among the experts. A practical sum-

mary of our recommended approach is given in table 2. Some general concepts

have to be clarified. Testing for familial markers of thrombosis is rarely ‘urgent’,

so careful consideration is required in terms of timing of assessments, as well as

the need for assessments. Do not request these tests whilst patients are being

treated for an initial thrombosis (i.e. especially do not test for AT, PC, PS, APC-

R whilst the patient is on OAT or heparin therapy or just post-event). Instead, the

general recommendation is to request these tests some 4–6 weeks after cessation

of any anticoagulant therapy. Recognize any detected deficiency/defect (espe-

cially of AT, PC and PS, but also APC-R, LAC, aPL) as a possible false-positive

finding that requires repeat testing for confirmation. Exclude the possibility of

OAT, heparin therapy, vitamin K deficiency and liver disease, and request repeat

tests for AT, PC and/or PS some 4–6 weeks after cessation of any therapy. Also

recognize the possibility of transient false-positive aPL results, and repeat test-

ing for LAC or other aPL some 6–12 weeks after the first positive result.

Although a rarer event, also recognize the possibility of false-negative results,

and that any potential deficiency/defect (especially of AT, PC and PS, but also

APC-R, LAC, aPL) may not be able to be conclusively excluded unless a repeat

test has confirmed this finding. In conclusion, do not request investigations into

thrombophilia-based tests unless you recognize the limitations of such testing
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Table 2. Testing recommendations for the most common congenital disorders and acquired condi-

tions associated with thrombosis and for which laboratory testing is easily available

General comments Testing recommendations/follow-up

Congenital
General Only test for these if familial tendency

considerations is established or suspected, or if results

will influence subsequent management

of patient or family members

AT, PC or PS Rare disorders; do not test when patient If initial test result is abnormal (i.e. 

deficiency is on OAT (PC, PS) or heparin therapy suggestive of deficiency): exclude OAT, 

(AT) or if vitamin K deficiency vitamin K deficiency and liver disease,

suspected (PC, PS) then repeat test (6 weeks after cessation 

of OAT) for confirmation

APC-R Relatively common finding; do not test If initial test result is abnormal (i.e. 

when patient is on heparin therapy or suggestive of APC-R): exclude heparin 

on OAT, or if vitamin K deficiency is therapy, OAT, vitamin K deficiency 

suspected and liver disease, then request FVL

testing for confirmation

FVL, PT-M FVL is comparatively common; genetic Although rare, false positives and false 

testing has significant psychological negatives do occur; provide or ensure 

issues for some patients when abnormal availability of genetic counseling

genetic tests are identified; for example,

psychological fears regarding significance

or effects on potential offspring are 

often in excess to actual risks

APS (acquired)
LAC Clot based test; do not test if patient on If initial test result is abnormal (i.e. 

heparin therapy or on OAT, or if suggestive of LAC) exclude OAT, 

vitamin K deficiency is suspected; has vitamin K deficiency and liver disease, 

highest association with thrombosis then repeat test (6 weeks after cessation 

of all the aPL assays of OAT) for confirmation

aCL and �2GPI Immunoassays; considerable False positives and false negatives; if 

antibodies laboratory to laboratory or method initial test result is abnormal (i.e. 

to method variation positive), repeat test (8–12 weeks 

later) for confirmation

Either
HHcy Low relative risk for thrombosis Testing requires specific collection 

conditions (i.e. fasting and/or methionine

loading)

High levels of Low relative risk for thrombosis; Repeat test for confirmation if required 

factors VIII, do not test when patient is on OAT (e.g. if initial test result is low, i.e. 

IX, XI or heparin therapy suggestive of factor deficiency): exclude 



Thrombophilia and Cerebral Vein Thrombosis 71

Table 2. (continued)

General comments Testing recommendations/follow-up

OAT, vitamin K deficiency and liver

disease, then repeat test (6 weeks after 

cessation of OAT) for confirmation; if result 

is high, also repeat for confirmation and ask 

laboratory to test at a lower plasma 

concentration for better test accuracy

Table 3. Thrombophilia testing – overriding principles [adapted from 3]

Guiding principle Comments/considerations

In general, laboratory (pathology) testing Management might include type and duration of 

should only be performed if useful for therapy or treatment, and patient/family counseling 

patient management (this may be often overlooked or undermanaged)

Detection of a congenital defect such as This is true for detection of both true positives and false 

AT, PC or PS deficiency has significant positives. The identification of genetic-mutation-related

implications for the affected individual and defects (abnormalities), in particular, has very striking 

other family members psychological effects for those involved

Testing for rare congenital disorders in Rare congenital disorders such as AT, PC and PS have a 

individuals where there is no previous base incidence (general population) of around 0.02–0.3%. 

personal or family history is not indicated False-positive error rates are as high as 2–10%. Therefore, 

and may have adverse outcomes identification of a false-positive result is potentially

more likely than identification of a true deficiency

Testing for rare congenital disorders in A negative finding will not assure a thrombosis free life. 

individuals where there is a previous A positive finding will not guarantee a thrombosis later 

personal or family history may or may not in life. A positive finding may or may not alter the 

be helpful clinical management undertaken

Unwarranted thombophilia testing is Unwarranted testing is a huge waste of health care 

inappropriate funding and will also likely result in unnecessary 

concerns for affected patients and family members

Thrombophilia testing should only be Thrombophilia testing should not be ordered and 

ordered and managed by clinicians who managed by clinicians that do not understand the 

understand the relative strengths and limitations of screening. Clinicians also need to 

weaknesses of screening, and can manage understand, manage and counsel patients positively 

the consequences of testing identified with thrombophilia markers

Laboratories undertaking testing should do Utilize the best diagnostic tests and test panels, minimize 

so responsibly errors, participate in external quality control programs to

continuously assess performance with peers, and provide 

expert advice (educational role) to clinicians as required
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Any identified laboratory defect should be Repeat confirmation to exclude a false positive is 

repeated for confirmation an important step in patient management

Any identified laboratory defect confirmed This might include referring to, or discussing with, 

by repeat testing should be appropriately specialist clinicians and genetic counselors

followed up by clinicians

and are able to offer counseling services, or referral to such services, especially

in the case of genetic testing. Some additional general principles regarding

thrombophilia testing are provided in table 3.
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Abstract
Intracranial venous thrombosis may occur at any time from infancy to old age and its

clinical expression varies widely and sometimes it may present without focal signs. The most

common symptoms are: headache, vomiting, transient or persistent visual obscuration, focal

or generalized seizures, lethargy and coma, while papilledema is a common sign. There may

also be alternating focal deficits, hemiparesis or paraparesis, or other focal neurological

deficits depending on the location of the venous structures involved. Symptom onset is either

acute, subacute or chronic. Even with a severe initial presentation, partial or complete recov-

ery is possible, underlying the importance of early recognition. Antithrombotic treatment

must be administered at diagnosis as soon as possible.

Copyright © 2008 S. Karger AG, Basel

Common Clinical Signs, Symptoms and Clinical 
Syndromes of Cerebral Vein and Sinus Thrombosis

Cerebral venous pathology is significantly less common than arterial

pathologies. Symptoms are often aspecific (table 1) and are related to the specif-

ically involved venous structure, to the presence of valid collateral system and to

intracranial hypertension. Unlike in arterial stroke, the symptom onset in cere-

bral venous thrombosis is usually subacute (2 days to 1 month; 50–80%), in

some cases it can be acute (2 days or less) and simulate arterial stroke (20–30%).

In patients presenting isolated intracranial hypertension, the onset of symptoms

can be chronic (more than 2 months; 10–20%) [1]. Occasionally, symptoms can

progress over more than 6 months [2]. Even though onset can seldom simulate
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an arterial stroke, the characteristics of cerebral venous thrombosis usually differ

from those of an arterial stroke. Cerebral venous thrombosis has a more progres-

sive development, strong tendency to fluctuate, association with other manifesta-

tions of increased intracranial hypertension and seizures. Other differences are:

venous cerebral infarct usually does not fit an arterial territory, more often it is

bilateral and hemorrhagic transformation of the lesion is quite frequent.

Depending on the location of the thrombosis and the collateral blood flow,

and patient’s age, the range of clinical symptoms associated with cerebral

venous thrombosis is astonishingly varied, and its clinical presentation is

extremely variable and unspecific [3]. The most common symptoms and signs

are headache and papilledema due to intracranial hypertension, seizures, focal

neurological deficits, and altered consciousness. These can be present alone

(pure headache, pure seizures, pure intracranial hypertension) or in association.

With decreasing frequency, patients present with one of the following clinical

syndromes [4]: isolated intracranial hypertension with headache and papillary

edema; headache plus focal neurological deficits and focal seizures; isolated

Table 1. Signs and symptoms (%) in

patients with cerebral venous thrombosis [51] Signs/symptoms

Headache 92

Papilledema 45

Motor deficit 42

Sensorial deficit 11

Seizures 37

Delirium 25

Aphasia 18

Stupor/Coma 13

Oculomotor nerve palsy 10

Visual deficit 9

Meningeal signs 5

Hemianopia 4

Cerebellar signs 4

Pulsatile tinnitus 2

Optic ataxia 1

Vertigo 1

Forced deviation of the eyes 1

Neglect 1

Movement disorders 1

Other cranial nerve palsy 1

Syndromes

Focal syndrome 40

Encephalopathy 31

Isolated intracranial hypertension 29
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cranial nerve lesions with headache; subacute unspecific encephalopathy; sinus

cavernous syndrome with chemosis, protrusion bulbi and painful ophthalmo-

plegia; unusual presentations.

Frequently, these syndromes overlap and, of course, none of the syndromes

is specific for cerebral venous thrombosis [5].

Symptoms and Signs of Intracranial Hypertension

Headache is the most common symptom and it is present in up to 80% of

all patients. Headache can present as migraine in migraine patients or tension

type headache, but it is usually progressive, continuous and refractory to med-

ical treatment [see the chapter by Alberti et al., this vol., pp. 89–95].

Patients affected by cerebral venous thrombosis can present threatened

vision, visual obscuration, visual loss and constriction of the visual field [6].

These symptoms can be related to either the presence of cerebral infarct

(involving optic radiations or occipital cortex) or to papilledema, due to

intracranial hypertension. Papilledema on fundoscopy can be initially evi-

denced as optic disc swelling, elevating and blurring. Over a few days, retinal

essudates, splinter hemorrhages and infarcts can be observed. Papilledema fre-

quency ranges from 45 to 86% in all cerebral venous thrombosis cases [2, 7] but

this finding is less common in acute cases. The presence of papilledema, asso-

ciated with altered consciousness, age older than 33, intracerebral hemorrhage

and an involvement of the straight sinus can be predictors of poor outcome [8].

Furthermore, papilledema is commonly associated with other signs of intracra-

nial hypertension such as headache, vomiting and bradycardia. In the absence

of treatment, papilledema is known to lead to optic atrophy [9].

Cerebral venous thrombosis can be overlooked when intracranial hyperten-

sion is isolated. In a series of patients affected by cerebral venous thrombosis,

37% had intracranial hypertension as the only sign of cerebral venous thrombo-

sis [7]. Cerebral venous thrombosis can be present with all the classical criteria

for idiopathic intracranial hypertension, including normal brain computed

tomography (CT) with normal cerebrospinal fluid (CSF) content. Then magnetic

resonance imaging (MRI), with magnetic resonance venography should be per-

formed, when necessary, also in patients with isolate intracranial hypertension.

Focal Cerebral Symptoms
Seizures can be initial signs of cerebral venous thrombosis. Their fre-

quency has been reported to range from 10 to 60% in published series. Seizures

occur more frequently in children (58%) and neonates (71%) [10]. In a consec-

utive series of patients with cerebral venous thrombosis, early symptomatic
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seizures were found in 44.3% of all patients while status epilepticus was found

to occur in 12.8% of patients [11]. Patients with cerebral venous thrombosis

and epileptic seizures are more likely to be admitted to a neurological intensive

care unit than those without epileptic seizures. Motor deficit, intracranial hem-

orrhage, and cortical vein thrombosis are independent predictors of early

epileptic seizures [11]. Principal predictors of death in a series of patients

affected by cerebral venous thrombosis were: seizures, mental status distur-

bances, coma (Glasgow Coma Scale �9), deep cerebral venous thrombosis,

right-sided hemorrhage and posterior fossa lesions [12]. Seizures are about

equally divided between focal and generalized types; the association of both

types is very common. Seizures are usually generalized in patients with isolated

intracranial hypertension; by contrast, they are common and often partial in

patients who have focal deficit. At present, there is no evidence for a prophy-

lactic use of antiepileptic drugs in patients with cerebral venous thrombosis.

The antiepileptic treatment should be started when the seizures enter the clini-

cal picture. Seizures are typically difficult to treat and the optimal duration of

treatment for patients with seizures is a subject of debate. Prolonged treatment

with antiepileptic drugs for 1 year could be reasonable for patients with early

seizures and hemorrhagic lesions on CT scan [13; see the chapter by Ferro and

Canhão, this vol., pp. 161–171].

Focal neurological deficits such as paresis, dysphasia, visual-spatial disor-

ders, and homonymous hemianopia are inaugural symptoms in 15% of patients

affected by cerebral venous thrombosis and they can be observed in up to 50%

during the course of the disease. Focal neurological signs are associated with

the presence of large cerebral infarct with and without hemorrhagic transforma-

tion: these can be located in the Rolandic, frontal-parietal and parietal-occipital

regions near the midline or in the posterior temporal area. Bilateral cerebral

infarcts with bilateral symptomatology are common and among their focal

symptoms the most common is hemiparesis or hemiplegia present in 34–43%

[2, 8]. Motor deficits are known to worsen over days and predominantly affect

the legs. When onset is abrupt, cerebral venous thrombosis can simulate arterial

stroke; chronic cases mimic tumors while subacute cases can mimic brain

abscesses. Patients with motor or sensory deficits, associated with parenchymal

lesions accompanied by an involvement of sagittal sinus and cortical vein

thrombosis tend to have more epileptic seizures [14]. In rare cases, focal neuro-

logical deficits are transient and mimic transient ischemic attack [15].

Consciousness disturbance as the initial sign of cerebral venous thrombo-

sis is rare, although it can be present when the thrombosis affects the deep

venous system. Patients may be comatose when large unilateral infarcts or hem-

orrhages compress the diencephalons and brainstem, when thrombosis involves

the deep grey matter of the thalamus and corpus striatum, hypothalamus,
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ventral corpus callosum, medial occipital lobe and the upper part of the cere-

bellum. Neurological examination reveals severe dysfunction of the dien-

cephalons, with coma, disturbances of eye movements and pupillary reflexes.

Cranial nerve palsies are reported in 12% of all cases of cerebral venous

thrombosis. The cranial nerves that have been described to be involved are III, IV,

V, VI, VII, VIII, IX, X and XI, and the involvement can be multiple or single. In

rare cases, cranial nerve palsies can be the only sign of cerebral venous thrombo-

sis, especially when there is the involvement of the transverse/sigmoid sinus (VI,

VII and VIII cranial nerves) [4]. An isolated peripheral facial nerve palsy was

described for segmental occlusion of the ipsilateral transverse sinus [16]. Along

with other neurological events, involvement of cranial nerves is known from the

previous literature; in the case of thrombosis of the petrosal sinuses, it is mainly

characterized by a V nerve palsy for the superior sinus and a VI nerve palsy for

the inferior one [17, 18]. In patients with lateral sinus thrombosis, diplopia due to

VI nerve palsy and signs of V nerve irritation with temporal and retro-orbital

pain, it has also long been known as the Gradenigo syndrome, suggesting

involvement of the nerves at the petrous apex. The unilateral or bilateral VI cra-

nial nerve involvement can also be due to the intracranial hypertension itself. The

involvement of the III, IV, V and VI cranial nerves can be due to the thrombosis of

the anterior cavernous sinus. An involvement of the IX, X and XI cranial nerves is

possible when the location of the thrombosis is in the posterior cavernous sinus or

the internal jugular vein, or the deep venous system or the cerebellar veins. In this

latter case, other symptoms due to the involvement of the brainstem, such as limb

or gait ataxia and impaired consciousness, may be present.

Neuropsychological deficits such as impaired anterograde memory, demen-

tia, akinetic mutism, and abnormal movements such as athetoid movements and

dystonia, can in rare cases be symptoms of deep cerebral venous thrombosis.

Subacute Unspecific Diffuse Encephalopathy
A generalized encephalopatic illness without localizing signs or recogniz-

able features of raised intracranial pressure is another pattern of presentation [1].

A depressed level of consciousness is the most constant finding, varying from

drowsiness to deep coma. This type of presentation is extremely misleading. The

differential diagnosis includes encephalitis, disseminated intravascular coagula-

tion, marantic endocarditis, metabolic disorders and cerebral vasculitis [19].

Unusual Presentation of Cerebral Vein and Sinus Thrombosis

The progress on the diagnosis of cerebral venous thrombosis, the routine

use of MRI, and a better understanding of the disease have made it possible for
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physicians to identify unusual presentations of cerebral venous thrombosis –

confirming that it can be difficult to diagnose, because of its large spectrum of

clinical manifestations.

Subarachnoid hemorrhage has been described as the initial presentation of

dural sinus thrombosis [20]. In this case report, 4 patients presented severe

headache and neuroradiological features initially suggesting subarachnoid

hemorrhage with no associated parenchymal bleeding. Digital subtracted

angiography evidenced occlusion of intracranial venous sinuses but did not

reveal other causes of subarachnoid hemorrhage. All patients improved with

anticoagulant therapy. The exact cause of subarachnoid hemorrhage associated

with cerebral venous thrombosis is unknown. A hypothesis could be that

venous hemorrhagic infarction can be responsible for secondary rupture into

subarachnoid spaces and cause subarachnoid hemorrhages. Patients with cere-

bral venous thrombosis can present with headache of sudden onset, neck stiff-

ness and imaging evidence of subarachnoid hemorrhage simulating a ruptured

intracranial aneurysm. Differentiating cerebral venous thrombosis from sub-

arachnoid hemorrhage in these cases may be further complicated as the CSF in

patients with cerebral venous thrombosis can be hemorrhagic.

Isolated psychiatric symptoms such as irritability, anxiety, depression, psy-

chosis, delirium and amnesia are known to be the prevailing symptoms of cere-

bral venous thrombosis. They can be misleading in the postpartum period.

Reversible parkinsonism and MRI diffusion abnormalities [21] have been

described as a presenting symptom of cortical venous thrombosis. In this case

report, headache, altered level of consciousness and parkinsonism were

described as the clinical feature of a thrombosis in the vein of Galen, internal

cerebral vein and straight sinus. Diffusion imaging showed hyperintensity in

both lentiform nuclei, the right caudate, both thalami and nonspecific foci in

the white matter. At 10 days, MRI showed improvement of the thrombosis; dif-

fusion abnormalities were also markedly better. At 6-month follow-up, there

were no clinical signs of parkinsonism.

Specific occasional manifestations such as trigeminal neuralgia have been

reported in cerebral venous thrombosis. In this case report [22] trigeminal-like

neuralgia was associated with intracranial hypertension secondary to thrombo-

sis of the deep cerebral venous system.

Acute visual loss [23], acute micrographia and hypophonia [24], migraine-

like phenomena [25], hearing loss [26], ocular flutter (intermittent bursts of

conjugate horizontal saccades without intersaccadic interval) [27] and dizziness

when eating [28] have been described as the only symptoms of cerebral venous

thrombosis.

Spontaneous bilateral ecchymosis is an extremely rare finding which can be

associated with cerebral venous thrombosis in adult and neonate patients [29, 30].



Clinical Presentations of Cerebral Vein and Sinus Thrombosis 83

Some authors have hypothesized that transient global amnesia may also be caused

by cerebral vein thrombosis. Subsequent venous congestion, in fact, can lead to

ischemia or induce a spreading depression in the medial temporal lobes [31].

Finally, cerebral venous thrombosis can also be asymptomatic, particularly

in the case of lateral sinus thrombosis, which can be observed on a routine CT

scan [32].

Topographic Diagnosis

The location of the thrombosis can determine characteristic clinical

patterns.

The superior sagittal sinus thrombosis is present in from 72 to 92% [33,

34] of all of cerebral venous thrombosis cases. However, when the thrombosis

is restricted to the superior sagittal sinus, its frequency varies from 13 to 55% in

all cerebral venous thrombosis cases. At CT scan, ‘the dense triangle sign’ and

the empty delta sign can be detected. Patients can present typical symptoms of

isolated intracranial hypertension with headache, foggy vision, visual loss, nau-

sea, vomiting and cranial nerve palsy (this is the main consideration in the dif-

ferential diagnosis of pseudotumor cerebri). Yet, more frequently, thrombosis of

the superior sagittal sinus can lead to deficiency syndromes with cortical signs

such as aphasia, hemianopia and neglect. At the same time, superior sagittal

sinus thrombosis can produce cranial nerve palsy, hypoesthesia and hemipare-

sis that normally worsen over time. Focal or generalized seizures can be present

especially in neonates and children. These are frequently observed when focal

deficits are present. Rarely can isolated psychiatric symptoms such as irritabil-

ity, anxiety, depression, psychosis, delirium and hallucinations be present that

can lead to a misdiagnosis.

Lateral sinus thrombosis is involved in about 10% of the cases. When iso-

lated, it is known to be asymptomatic and headache can be the exclusive symp-

tom. When this type of thrombosis extends to the contiguum sinuses (superior

sagittal sinus, deep venous system, superior and inferior sinuses), intracranial

hypertension, consciousness disturbance, focal cerebral signs and cranial nerve

palsies (IX-X-XI) [2] may be present. When thrombosis extends to the cerebel-

lar vein, patients with isolated headache develop vomiting and limb or gait

ataxia. Involvement of cranial nerves (IX, X) can indicate the involvement of

the internal jugular vein. At CT scan, lateral sinus can be spontaneously hyper-

dense. When asymptomatic and restricted to the lateral sinus, it is often hard to

differentiate hypoplasia (present in up to 40% in general population) from

thrombosis with conventional MRI even by MR angiography, so digital angio-

graphy is often needed.
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Cortical vein thrombosis is rare (2–5%), usually asymptomatic and diffi-

cult to detect at examination (CT scan and MRI), due to the presence of valid

collateral vessels and the specifically different pathology of venous infarcts.

Cortical vein thrombosis becomes symptomatic when associated with the pres-

ence of parenchymal lesions, which usually consist of large cortical infarcts

associated with an acute motor deficit predominantly affecting a leg, cortical

signs and epileptic seizures. Focal or generalized seizures followed by hemi-

paresis, aphasia, hemianopia, or other focal neurological dysfunctions, in the

absence of signs of increased intracranial pressure such as nausea, vomiting or

papilledema, strongly suggest the presence of cortical vein thrombosis.

Headache can be present but without associated signs suggesting intracranial

hypertension. Neuroimaging (CT, MRI) usually shows an ischemic lesion that

does not follow the boundary of arterial territories and often has a hemorrhagic

component, without signs of venous sinus thrombosis. The combination of a

nonspecific clinical picture with an atypical lesion on cerebral CT scan may

favor the diagnosis of cortical venous thrombosis. Furthermore, in a few cases,

cortical venous infarcts are mistaken for brain tumors or abscess and diagnosed

only at biopsy. Conventional angiography does not evidence arterial occlusion,

but may show cortical vein thrombosis related to the infarct, although there can

also be nonspecific findings [35]. The parietotemporal region can be frequently

involved in relation to parietal or Labbé vein thrombosis. Isolated thrombosis of

the vein of Labbé has been rarely reported. The left vein of Labbé has been

most often involved [36]. The vein of Labbé drains the lateral temporal lobe and

empties the transverse sinus [37]. Thrombosis can cause temporal lobe hemor-

rhagic infarction, hemorrhage or edema [38].

The thrombosis of the deep venous system [sinus sigmoideus, sinus petro-

sus inferior and superior, straight sinus, basal vein (vein of Rosenthal), great

cerebral vein (vein of Galen)] is less common and represents about 3–8% of

cerebral venous thromboses. Occlusion of the deep cerebral veins is the clini-

cally most obscure of the venous syndromes. It is usually characterized by

severe dysfunction of the diencephalon such as coma, pupillary abnormalities,

ophthalmoplegia, extrapyramidal hypertonia, and papilledema. Because of the

peculiarity of anastomotic connections of the deep venous system, only the

simultaneous obstruction of the great vein of Galen and basal vein will obstruct

venous outflow [39]. Thrombosis of the deep venous system should be strongly

suspected in patients presenting with headache, nausea, vomiting, nystagmus,

bilateral or alterning paresis, limb or gait ataxia and impaired consciousness. In

these cases, bilateral infarcts with or without secondary transformation involv-

ing the thalamus, the striatum, the ventral corpus callosum, the medial occipital

lobe and the upper part of cerebellum are usually detected at neuroradiological

examination. Isolated depression and disorientation due to bilateral thalamic
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lesions were described [40]. Thrombosis of the deep venous system has a poor

outcome; neuropsychological deficits such as impaired anterograde memory,

dementia, hemiparesis, akinetic mutism, and abnormal movements as athetoid

movements and dystonia represent frequent sequelae [41].

Cortical and deep venous thrombosis without sinus thrombosis involve-

ment is uncommon and presently difficult to diagnose [42]. The principal

symptoms are: headache, focal neurological signs, partial complex or sec-

ondary generalized seizures, and consciousness disturbances. Mild intracranial

hypertension has been reported in association with headache, nausea and vom-

iting, but without any signs of papilledema in one fourth of patients. Transient

altered consciousness may be linked to seizure generalization, and severe con-

sciousness impairment could be due to an involvement of deep structures [43].

Cavernous sinus thrombosis is rare and represents about 0.5–2% of all

cerebral venous thrombosis [5, 44]; it can have infective etiology especially in

younger patients, and has characteristic clinical features. Often, the onset in the

anterior cavernous sinus thrombosis is abrupt with headache, ocular pain,

chemosis, proptosis, ocular nerve palsy (III, IV, VI and the ophthalmic division

of V) and fever in the case of infective etiology. In some cases, ocular nerve

palsy can be the exclusive symptom. Posterior cavernous sinus thrombosis,

spreading to the inferior petrosal sinus, may cause palsies of cranial nerves VI,

IX, X and XI without proptosis, and involvement of the superior petrosal sinus

may be accompanied by a V nerve palsy [45].

Internal jugular vein can be affected by cerebral venous thrombosis. In

most cases, the thrombosis extends from the sigmoid sinus. Swelling and pain

in the mastoid region, and a palpable, tender thrombosed vein can be observed.

In other cases, thromboses of the internal jugular vein can be the consequence

of long-term venous access [46]. Jugular vein thrombosis is most commonly

asymptomatic when isolated.

Also the patient’s age can determine different patterns of symptoms.

Cerebral venous thrombosis in neonates is considered to be rare and few

studies on neonatal cerebral venous thrombosis are available. Cerebral venous

thrombosis in neonates can be difficult to diagnose due to its symptoms which

often are nonspecific and may lead to cognitive impairment, motor impairment

and epilepsy [47]. In a series of 42 neonates, seizures were the most common

presentation and occurred in 57% of patients followed by respiratory distress

syndrome (19%) and apnea (19%). Poor feeding/weight loss was present in

12%, and acidosis, hypotonia, lethargy and hypertonia were less frequently

described. Palpebral ecchymosis and cerebral venous thrombosis were

described in a near-term infant [30]. Fifty percent of neonates had involvement

of a single sinus, most commonly the sagittal sinus; 50% had simultaneous

involvement of multiple sinuses [48].
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Cerebral venous thrombosis in newborns, infants and children has a similar

clinical picture: lethargy, headache, vomiting, seizures, focal signs are common.

In children, thrombosis often affects the superficial venous system. Onset is usu-

ally acute in the 83% of cases [49]. Systemic illness (sinusitis, mastoiditis, dehy-

dration) can be present [see the chapter by Yager et al., this vol., pp. 122–131].

When cerebral venous thrombosis affects elderly patients [50], isolated

intracranial hypertension syndrome and severe headache are less common,

whereas depressed consciousness and mental status changes are more frequent.

The prognosis for elderly patients is usually considerably worse. In a series of

patients affected by cerebral venous thrombosis, only 49% of elderly patients

(�65 years old) had complete recovery versus 82% in younger patients,

whereas 27% died and 22% were dependent at the end of the follow-up versus

7 and 2%, respectively, in younger patients. There were no differences between

the two groups in the site and number of occluded sinuses and the presence and

type of parenchymal lesions.
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Abstract
Headache is the most frequent and often the earliest symptom of cerebral vein and

sinus thrombosis (CVT). Intracranial hypertension, vein distension and venous infarction

alone or in combination are thought to be the principal mechanisms in the pathophysiology

of CVT headache. The absence of specific features and the possibility of presentation with-

out associated neurological signs can make its recognition difficult. The early diagnosis of an

association of headache with CVT is crucial for patient well being. Physicians must always

consider the possibility of CVT in patients with recent headache, even in the absence of neu-

rological signs or a negative brain CT that seem to rule it out. History of cancer, recent head

injury, recurrent venous thrombosis, autoimmune diseases, puerperium and/or pregnancy

and the use of oral contraceptives should all raise the attention of the physician for a possible

CVT.

Copyright © 2008 S. Karger AG, Basel

Headache with its widely varied etiologies and clinical manifestations is

one of the most common symptoms that a physician must evaluate in an emer-

gency room setting. While headache most often has a benign cause, in a small

percentage of cases it can be a sign of a serious underlying disease. One of these

uncommon but serious causes of headache include cerebral vein and sinus

thrombosis (CVT). In fact, headache is the most frequent and earliest symptom

of CVT [1]. For this, headache is the principal reason patients with CVT arrive

at the emergency room. Since an appropriate treatment influences prognosis, an

early recognition of the association of headache with CVT can prove to be life-

saving for the patient.
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Headache Characteristics

Although cerebral venous thrombosis has a wide spectrum of clinical pre-

sentations, thus capable of mimicking numerous other disorders, headache is in

all series the predominant symptom. It is present in 75–95% of cases [2–9], as

illustrated in table 1. Headache is frequently associated with neurological signs,

accompanying the four principal syndromes of CVT: focal sign syndrome, iso-

lated intracranial hypertension, cavernous sinus syndrome, subacute

encephalopathy [see the chapter by Paciaroni et al., this vol., pp. 77–88]. The

International Headache Society [10] has defined the diagnostic criteria for

headache in CVT (table 2). Headache in CVT has no specific characteristics

Table 1. Principal clinical signs of patients with cerebral venous thrombosis

Study Headache Papilledema Seizures Focal signs Altered

consciousness

Bousser et al. [2] 81 51 42 38 30

(n � 110)

Daif et al. [3] 82 80 10 27 10

(n � 40)

de Bruijn et al. [4] 95 41 47 46 39

(n � 59)

Fink et al. [5] 96 42 40 60 NR

(n � 25)

Ferro et al. [6] 89 28 39 52 NR

(n � 624)

Agostoni [7] 86 NR 35 52 21

(n � 57)

Appenzeler et al. [8] 75 54 NR 54 21

(n � 24)

Stolz et al. [9] 73 30 39 57 37

(n � 79)

The data are reported in percentages. NR � Not reported.

Table 2. Headache attributed to cerebral venous thrombosis: diagnostic criteria of the

International Classification of Headache Disorders [2]

A. Any new headache, with or without neurological signs, fulfilling criteria C and D

B. Neuroimaging evidence of cerebral venous thrombosis

C. Headache (and neurological signs if present) develops in close temporal relation to CVT

D. Headache resolves within 1 month after appropriate treatment
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and its clinical presentation could be influenced by several factors: the site and

degree of the venous thrombosis, the patient’s age and the time between onset

and admittance to hospital.

Age
Headache is reported less frequently in the elderly than in the young; this is

probably related to a lower frequency of intracranial hypertension in the elderly

because of a protective presence of brain atrophy and/or diminished reactivity

in pain system [11].

Mode of Onset and Temporal Profile
CVT headache usually has a gradual subacute onset over several days, tend-

ing to be persistent, but can also be initially intermittent, worsening over time.

With time, CVT headache usually becomes refractory to common analgesics

and persisting at night. Headache of this type is often exacerbated by physical

activity or other Valsalva maneuvers and worsened with recumbence. CVT

headache can sometimes have an abrupt onset developing in less than 24 h [9]

and in up to 10% of cases this headache has a thunderclap sudden onset [12–14].

Knowledge of this onset modality is very important because this headache type

can be clinically indistinguishable from subarachnoid hemorrhages.

Site
It is diffused but not infrequently reported in the literature as being local-

ized [8].

Intensity
Moderate/severe intensity is prevalent.

Type
It is often aggravating and can be of a throbbing type.

Accompanying Symptoms
Nausea and/or vomiting, phonophobia are the most frequent.

Unusual Presentations
Headache associated with unilateral palatial tinnitus in sigmoid sinus

thrombosis [15], headache with cluster headache symptoms [16] or migraine

such as those without or with aura [17, 18] have been reported. CVT headache

can also develop after diagnostic lumbar puncture, thereby initially mimicking

a postural headache [19].



Alberti/Venti/Biagini 92

Isolated Headache
Even though headache is the most frequent symptom of CVT, it is usually

associated with other neurological signs. A recent study [12] has investigated the

characteristics of headache from a prospective study of 123 consecutive patients

with CVT, where headache was the only symptom in the absence of intracranial

hypertension, meningitis or other intracranial lesions. This study revealed

headache as the only manifestation of CVT in 14% (17/123) of patients. The lat-

eral sinus was the most frequently involved sinus (88%) and all but one of the

subjects, with isolated unilateral sinus thrombosis had a unilateral headache,

ipsilateral to the thrombosis. Here, the most frequently reported characteristics

of headache were: progression, persistence and severity both unilateral and

throbbing. A few patients had sudden onset and 3 patients presented thunderclap

headache. Headache improved within a few days following CVT treatment and

prognosis in all cases was good. The authors hypothesized that the pathogenesis

of headache, in absence of intracranial hypertension, was due to an irritation of

the nerve fibers in the walls of the occluded sinus. Headache can sometimes be

the sole neurological sign of CVT; thus, the use of magnetic resonance imaging

is justified when in the presence of a patient suffering from a recent headache

[20] even when both neurological examination and CT are normal.

Pathophysiology

All of the processes that determine the inflammation, distension, or trac-

tion of any of the intracranial algosensitive structures can cause headache.

Although headache can sometimes be due to the causes of CVT, such as an

infection, it is more often the consequence of venous occlusion.

It can be hypothesized that several mechanisms might be acting alone or in

combination [21]. Intracranial hypertension: the obstruction of the large venous

sinus, such as the sagittal superior sinus, determines a clinical picture of symp-

tomatic intracranial hypertension. Distension of veins and sinuses: venous sinus

occlusion caused by thrombosis determines the distension of pain-sensitive

structures of both veins and sinuses. Venous infarction: the obstacle to the blood

reflux causes cortical hematic infarcts with subsequent cortical irritation and

inflammation.

Management

Headache usually improves rapidly after the administration of heparin.

Initially headache can be treated with acetaminophen or when persistent with

opioids. It is preferable to avoid the use of Aspirin or other NSAIDs for the
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concomitant treatment with anticoagulants. Puncture lumbar quickly improves

headache due to intracranial hypertension and is particularly indicated when

there are disturbances of vision.

Outcome

International diagnostic criteria report that CVT headache resolves within

1 month after an appropriate treatment and is rarely reported as a sequel of CVT

[10]. However, in regular clinical practice is it common to visit patients who

have developed a new and disabling headache after CVT. In our personal series,

30% (6/20) of CVT patients developed a new chronic headache mostly with

tension type characteristics within 6 months, while the patients suffering from

migraine before CVT continued to experience migraine attacks. This is an

important information because, although the recurrence of CVT is unusual, one

problem could be represented by the presentation of a new headache in the fol-

low-up of patients with CVT.

In a 3-year clinical outcome study [22] on consecutive patients with cerebral

venous thrombosis, 60% (29/48) of patients developed headache: migraine char-

acteristics (n � 14), tension type headache (n � 13) and others (n � 2). In a fur-

ther study [9], at a mean follow-up of 44 months, 25% (6/24) of CVT patients

developed a new chronic headache with migraine characteristics. All except one

of these patients had a parenchyma involvement with superior sagittal sinus

thrombosis. In the study by Cumurciuc et al. [12] 30% of patients with CVT had

developed a new onset of headache within 3 months in the absence of intracranial

hypertension or other intracranial lesions. In the study by Buccino et al. [23], that

studied the neurological and cognitive long-term outcome in patients with CVT

on 34 patients at 3.5 months follow-up, 29% of patients had suffered from a new

recurrent headache following the disease, making the headache the most frequent

symptom at outcome for CVT patients; 4 of these patients developed depression.

Migraine and tension type headaches are very common in the general population.

Many observations have been reported suggesting a close relationship between

headache and the regulation of mood [24]. Being so, mood disturbance as a con-

sequence of CVT may play an important role in the pathogenesis of the new

headache (see chapter complications of cerebral vein and sinus thrombosis).

Headache: When to Suspect CVT?

Today cerebral vein and sinus thrombosis is widely considered to be under-

diagnosed. Headache is the most frequent symptom of CVT but the absence of
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other specific features and the possibility of presentation without associated neu-

rological signs can make its diagnosis difficult. In a study by Ferro et al. [25], the

hospital admission of patients with cerebral vein and dural sinus thrombosis was

negatively associated with the presence of headache alone. Thus, all headaches

require a careful assessment of the patient’s history and results from physical

examination. The presence of warning signs, reported in table 3, should prompt

diagnostic testing for secondary headache [26–29]. History of cancer, recent head

injury, recurrent venous thrombosis, autoimmune diseases such as systemic lupus

erythematous, puerperium and/or pregnancy [30] and the use of oral contracep-

tives should all raise the attention of the physician for a possible CVT.

Conclusion

The early diagnosis of an association of headache with CVT is crucial for

patient well being. CVT-related headache has no specific characteristics and

can be the only symptom. Physicians must always consider the possibility of

CVT in patients with recent headache, even in the absence of neurological signs

or a negative brain CT that seem to rule it out.
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Abstract
Radiological studies are essential to confirm the diagnosis of cerebral venous thrombo-

sis (CVT). Over the last few years, innovations in radiological techniques have significantly

improved the diagnosis and altered the management of this condition. Magnetic resonance

imaging has become the imaging modality of choice for the diagnosis of suspected CVT, and

noninvasive magnetic resonance and computed tomography venography have largely

replaced conventional angiography for initial evaluation and follow-up. These techniques

have high sensitivity for diagnosing CVT. However, they also have pitfalls that can lead to

false-positive and -negative results. Conventional cerebral angiography should be reserved

for doubtful cases or when endovascular intervention is advocated.

Copyright © 2008 S. Karger AG, Basel

Early diagnosis and treatment of cerebral venous thrombosis (CVT) is

essential to minimize morbidity and improve survival. The condition has a

broad spectrum of presentation, and recognizing the presence of CVT on clin-

ical grounds often requires a high degree of suspicion. Radiological studies are

crucial to establish the definitive diagnosis [1–3]. In this chapter, we discuss

the pathophysiology of CVT as it pertains to radiological findings, and the

utility of various imaging modalities to confirm the diagnosis of CVT in sus-

pected cases.

Pathophysiological Mechanisms of CVT

Knowledge of the pathophysiological mechanisms of CVT is essential to

understand the radiological findings in patients with CVT. Predisposing factors
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to CVT affect various elements of Virchow’s triad by causing: (1) changes in

blood constituents leading to hypercoagulability; (2) changes in blood flow and

volume, and (3) changes in the vessel wall. These pathophysiological changes

result in venous stasis, secondary venous congestion and thrombosis, and sub-

sequent brain edema, which can be localized or diffuse, and cerebral infarction.

The imaging findings in CVT mirror these changes, and can be generally

divided into indirect and direct signs of CVT [4]. The indirect signs include: (1)

parenchymal abnormalities, namely venous infarcts and brain edema; (2) devel-

opment of collateral venous network, and (3) mastoid air abnormalities. The

direct signs are those of interrupted venous flow or occlusion, and visualization

of the actual thrombus.

Imaging of CVT

Computerized axial tomography (CT) is usually the first examination per-

formed in most hospitals when CVT is suspected. However, CT may not reli-

ably diagnose CVT in many suspected cases, especially if contrast is not given.

Therefore, the use of multiple imaging modalities to confirm the diagnosis of

CVT is not uncommon. The use of CT venography (CTV), and magnetic reso-

nance imaging (MRI) and MR venography (MRV) is being increasingly utilized

in major centers. In some patients, conventional angiography, once the gold

standard for diagnosis, may be ultimately required to confirm the presence of

CVT. For descriptive purposes, we will divide the imaging of CVT into: imag-

ing of the brain parenchyma to assess for indirect signs of CVT, and direct

imaging of the sinuses and veins to confirm the presence of CVT.

Imaging of the Brain Parenchyma

Computed Axial Tomography

Plain, noncontrast, CT of the brain shows nonspecific subtle abnormalities

in most patients with CVT. CT may be interpreted as ‘normal’ in 25–40% of

patients, later proven to have CVT [4, 5]. This is particularly true in patients

with isolated increase in intracranial pressure. The main utility of plain CT in

patients with suspected CVT is to rule out other pathologies, such as tumors.

Contrast administration is ALMOST ALWAYS required to increase the reliabil-

ity of CT in diagnosing CVT. However, CT, plain or with contrast, cannot

unequivocally confirm the diagnosis of CVT in a large number of patients [4,

5]. Additional imaging modalities, such as MRI/MRV, are often needed. Recent
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advances in CTV methodology may decrease the need for additional MRI test-

ing in the future.

The following findings on CT should raise suspicion for CVT in patients

whose clinical findings suggest the diagnosis.

Indirect Signs
• Erosion of middle ear structures and changes in the mastoid region (fig. 1).

These changes are especially seen in patients with septic lateral sinus

thrombosis.

• Hydrocephalus and compression of the fourth ventricle. These changes may

be seen in patients with cerebellar sinus thrombosis and venous infarcts.

• Parenchymal changes including venous infarcts (fig. 2a, b), localized or dif-

fuse brain edema and sulcal effacement (fig. 2c), and enhancement of the

falx and tentorium. Venous infarcts can be hemorrhagic or nonhemorrhagic.

They are present in up to 40% of patients with CVT, the majority of which

are hemorrhagic [4, 5]. There are no pathognomonic features to hemorrhagic

venous infarcts, and they are often labeled as ‘intraparenchymal hemor-

rhages’ upon initial evaluation. However, the following red flags should raise

suspicion for venous infarcts: (1) multiplicity; (2) non-arterial territory; (3)

subcortical localization; (4) ill-defined appearance, and (5) bilateral involve-

ment of the thalami or basal ganglia [2, 5]. Eccentric hypodensity at the

periphery of an intraparenchymal hemorrhage that is present soon after neu-

rological symptom onset suggests that the bleeding developed in an area of

brain edema. The edema is caused by CVT-related decreased venous

drainage from the edematous portion of the brain. Hypodensity around

hypertensive and non-CVT related hemorrhages develops gradually during a

24- to 72-hour period and is usually symmetrical surrounding the hematoma.

• The ventricles are sometimes small and slit-like as a result of increased

intracranial pressure and associated edema. Enhancement of the tentorium

and/or falx after contrast administration (fig. 3) may signal the presence of

dural venous collaterals or venous stasis. Occasionally, isolated gyral or

Fig. 1. Plain CT showing erosive

changes in the right middle ear and mastoid

air cells (arrow) in a patient with right lat-

eral sinus thrombosis.
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linear enhancement is seen, and may be misinterpreted as ‘subarachnoid

hemorrhages’ (fig. 4).

Direct Signs
• The cord/dense sign. In 2–25% of patients, the fresh thrombus can be visu-

alized as a subtle focus of hyperdensity within the occluded sinus on plain

CT (fig. 5). This is best seen within the large straight and superior sagittal

sinuses. However, it has poor specificity for CVT since slow flow can pro-

duce similar findings [4].

a b

c

Fig. 2. Plain CT showing left caudate (a) and parietal (b) hemorrhagic infarcts in a

patient with CVT. Note the extent of edema (hypodensity) in the left parieto-occipital region

(a) and sulcal effacement in the left hemisphere (c).
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• The dense delta (filled triangle) sign. This is seen on plain CT, as a dense

triangle (from hyperdense thrombus) within the superior sagittal sinus. It is

seen in up to 60% of patients. However, this is not specific and can be

observed occasionally in patients with an elevated hematocrit [4].

• The empty delta (empty triangle) sign. This is seen on CT after contrast

administration, as a bright triangle surrounding a central hypodense core.

It represents contrast enhancement of the dilated collaterals surrounding

the clot. It is seen in 25–52% of patients with sagittal, straight, and lateral

sinus thrombosis [6]. This sign must be carefully interpreted, since false

negatives and false positives are not uncommon [4]. The presence of both

Fig. 3. Contrast-enhanced CT showing

enhancement of the falx (arrow).

Fig. 4. Plain CT showing an area of

linear hyperdensity along the gyri in the left

temporal lateral lobe (arrow) in a patient with

venous sinus thrombosis. This was initially

interpreted as ‘subarachnoid hemorrhage’.
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the empty and dense delta signs increases the likelihood of the diagnosis of

CVT [4, 5].

Magnetic Resonance Imaging

MRI has become the imaging modality of choice for the diagnosis of sus-

pected CVT. Its multiplanar imaging capabilities and lack of bone artifacts

make it more sensitive than CT to parenchymal abnormalities, petechial hemor-

rhages, thrombus formation, and blood flow. MRI, therefore, is superior to CT

in providing definitive evidence for CVT [7, 8]. As seen below, the MRI find-

ings depend on the sequence used and stage (age) of the thrombosis.

Standard Spin Echo T1- and T2-Weighted MRI
The main direct sign of CVT on a standard MRI protocol is the lack of

expected signal flow void on standard spin echo T1 and T2 sequences [7, 8].

Alterations in blood flow and hemoglobin degradation products in thrombosed

veins produce signal changes on MR T1- and T2-weighted images, which sug-

gest CVT (fig. 6). The appearance and signal intensity of the intraluminal

thrombus evolve over time depending on the paramagnetic effects of blood

breakdown products, in a manner similar to that of intraparenchymal hemor-

rhage [4, 7, 8]. Any of the following MRI findings can be seen.

• At a very early acute stage (day 1–5), there is an absence of flow void and

the thrombi appear isointense on T1- and hypointense on T2-weighted

images due to the presence of oxyhemoglobin in the intact red blood cells.

Fig. 5. Plain CT showing the hyper-

dense fresh thrombus (arrow) in the occluded

sinus. This is also referred to as ‘the cord’ or

‘dense sign’. Note the amount of edema

(hypodensity) seen in the right thalamic

region.
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a b

c

Fig. 6. a Sagittal T1-weighted MRI showing a hyperintense signal in a thrombosed

superior sagittal sinus (arrows). Axial T1 (b) and T2 (c) MR images show similar signal

abnormalities within the thrombosed sinus.

This MRI pattern is rarely seen due to the usual delays in presentation and

performing MRI examinations.

• At the subacute stage (day 6–21), the thrombus becomes hyperintense, ini-

tially on T1- (day 6–9) then on T2-weighted images (day 10–15), due to the

conversion of oxyhemoglobin to methemoglobin. Absence of flow void per-

sists. In large sinuses, hyperintensity of the thrombus proceeds from the

periphery inwards. This can be seen as a hypointense thrombus surrounded by

a circumferential hyperintense rim, ‘the target sign’. Increased signal inten-

sity on both T1 and T2 images is the most frequent MRI finding in patients

with CVT. This pattern lasts until 21–35 days after the onset of thrombosis.

• At the chronic stage (�21–35 days), the MRI pattern is more variable. The

thrombosed sinus can either remain totally or partially occluded or can

recanalize. In most patients, the chronic thrombus appears heterogenous,

becoming progressively isointense on T1 images and isointense to hyperin-

tense on T2 images. These findings can last for years and can be mistaken

for recurrent CVT.
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These standard T1 and T2 MRI sequences, in isolation, are relatively insen-

sitive since the aforementioned signal changes are variable and often subtle.

False negatives and false positives are common, especially in occlusion of small

veins, or when there is substantial slowing of blood flow without true occlusion

[4, 7]. Furthermore, the lateral sinuses and anterior part of the superior sagittal

sinus are often poorly visualized because of the axial-transverse orientation of

the imaging sections. Gadolinium administration can increase the sensitivity by

showing a delta sign analogous to the one seen on postcontrast CT (fig. 7 and

8). Similarly, the use of coronal sections (fig. 7c and 8b) and variations of repe-

tition time can allow better visualization of the lateral sinuses and differentiat-

ing pseudoenhancement due to slow flow from true occlusions.

T2-weighted MRI is sensitive to mucosal changes in the mastoid air sinus.

Mastoid abnormalities, ranging from increased T2 signal, mucosal thickening to

accumulation of fluid within the air cells, have been described in 39% of

patients with lateral sinus thrombosis [9]. The mastoid abnormalities were

a b

c

Fig. 7. Axial T1-weighted MRI before (a) and after (b) gadolinium administration, and

coronal sections (c). The arrows point to a clot in the sagittal sinus surrounded by enhanced

dilated collaterals on postgadolinium images, similar to the empty delta sign described on

CT. This is better visualized on coronal sections.
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a b

Fig. 8. Gadolinium-enhanced MRI showing decreased flow in the left transverse sinus

(a), and a corresponding ‘empty delta sign’ (b).

ipsilateral to the thrombosed sinus, and none of these patients had signs of ear

disease or mastoiditis. It has been suggested that the mastoid MRI changes in

nonseptic lateral sinus thrombosis may be secondary to increased venous pres-

sure in the veins draining the mastoid air cells with subsequent vascular con-

gestion, edema and fluid transudation [9]. This MRI observation may serve as a

clue to the presence of an otherwise unrecognized sinus thrombosis.

Echo-Planar T2* (Susceptibility)-Weighted MRI
Decreased cerebral venous flow in CVT promotes a local shift in the hemo-

globin oxygenation curve toward the formation of deoxyhemoglobin.

Deoxyhemoglobin produces a ‘magnetic susceptibility effect’ and results in signal

loss (darkening), which is best seen on T2*-weighted images. The T2* MRI

sequence can detect the presence of intravenous clot during the acute and subacute

phase, seen as an area of hypointensity within the affected sinus (fig. 9) [10, 11].

The T2* sequence also allows direct visualization of associated venous infarcts that

are frequently hemorrhagic, and small petechial hemorrhages (fig. 9). However,

the sensitivity and specificity of the T2* sequence for detecting CVT is unknown.

Diffusion-Weighted MRI
Diffusion-weighted imaging (DWI) abnormalities in patients with CVT are

variable and nonspecific (fig. 10). The DWI findings include heterogeneous mixed

areas of bright and low signal intensities, multifocal bright lesions similar to those

seen in acute arterial strokes, or high signal in clots [12–14]. Hyperintense signal,

indicating restricted movement of water molecules, within the thrombosed sinus is

seen in 14–41% of patients with CVT (fig. 10c) [15]. However, this is neither sen-

sitive nor complimentary to standard T1, T2, and FLAIR images for diagnosing

CVT. It has been suggested that the presence of hyperintense signals on DWI in
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occluded veins at the time of diagnosis might be predictive of a low rate of recanal-

ization 2–3 months later [15]. Quantitative assessment of apparent diffusion coef-

ficients of the DWI lesions may be helpful in differentiating between vasogenic

and cytotoxic edema, and assessing tissue viability [12, 13]. The main advantage

of DWI, thus, lies in its ability to detect subtle abnormalities or subclinical venous

congestion and brain swelling before visible parenchymal lesions appear on stan-

dard T1, T2 and FLAIR MR images [14].

a b

c d

Fig. 9. Echo-planar T2*-weighted MRI showing multiple susceptibility abnormalities

consistent with hemorrhagic infarct (a–c), and thrombosed left transverse sinus (d). Note the

multiple, nonarterial, and bilateral locations of the hemorrhagic lesions. This could be the

only clue to an underlying CVT.
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Imaging of the Sinuses and Veins

Direct visualization of the thrombosed sinus is required to conclusively

confirm the diagnosis of CVT, regardless of the modality used to image the

brain parenchyma. The major cerebral sinuses and veins can be reliably imaged

by several techniques, including MRV, CTV, and conventional angiography.

Magnetic Resonance Venography

MRV has become the imaging modality most widely used to establish the

diagnosis of CVT. MRV can be performed with time of flight (TOF) or phase

contrast techniques (PCT) [7, 16]. TOF relies mainly on flow-related enhance-

ment for producing vascular images, whereas PCT uses velocity-induced phase

a b

c

Fig. 10. Diffusion-weighted MRI in a patient with CVT. a Early infarct. b, c Intra-

sinus clot (arrows). c Hyperintense signal within the thrombosed sinus.
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shifts to distinguish moving blood flow from the surrounding stationary tissue.

Most hospitals utilize TOF technique because of its shorter acquisition time and

larger covering volume. Absence of flow signal within a sinus and its nonopaci-

fication suggest intraluminal thrombosis (fig. 11). The occluding thrombus often

appears hyperintense. This may be difficult to distinguish from the hyperinten-

sity of the flowing blood with TOF, but not PCT. MRV has other limitations that

should be emphasized to avoid misleading false-negative or -positive diagnoses

[4, 7, 16]. For example, artifactual flow gaps in the nondominant (hypoplastic)

transverse sinuses can be seen in up to 30% of normal individuals when using

TOF MRV, leading to an erroneous diagnosis of sinus thrombosis (fig. 11a, b) [16].

a b

c d

Fig. 11. Magnetic resonance venogram (without gadolinium) in a normal subject 

(a, b) and in a patient with CVT (c, d). Note the artifactual flow gaps seen in the superior

sagittal sinus and hypoplastic left transverse sinus in a and b.
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These are attributed to slow intrasinus blood flow, in-plane flow, or complex

blood flow patterns which can result in intrasinus signal loss mimicking occlu-

sion. Also, the saturation of blood flow when the images are parallel to a sinus,

particularly the anterior portion of the superior sagittal sinus, can result in loss of

signal intensity and false diagnosis of sinus occlusion [7, 16].

These pitfalls are uncommon and can be avoided by setting the slice thick-

ness as small as possible, slice acquisition in the coronal plane to provide max-

imum coverage of the predominantly anteroposterior direction of dural sinus

flow, lowering T1 of blood through the use of gadolinium [17], and combining

the aforementioned findings on standard T1, T2 and T2* sequences with those

from MRV [16]. The utility of MRV extends well beyond mere diagnosis of

CVT. It is an important, noninvasive, tool to assess for recanalization as a mea-

sure of response to anticoagulation therapy.

Cerebral CT Venography

Recently, dynamic spiral CT techniques have been utilized to study the

cerebral venous circulation. Spiral cerebral CT venography can be easily and

rapidly performed in the acute setting, immediately following noncontrast CT.

Filling defects within the affected sinuses, sinus wall enhancement and abnor-

mal venous collaterals are the usual findings (fig. 12). This modality can be

particularly useful in hospitals where timely access and availability of MRI or

conventional angiography is limited. CTV images are not impaired by in-plane

flow signal loss seen with MRV, and may be superior to MRV in visualizing

sinuses or smaller veins with low flow [18].

Conventional Angiography

A four-vessel cerebral angiogram allows visualization of the entire venous

phase. However, its utility in recent years has declined because of its invasive

nature and increased availability of MRI/MRV and CT/CTV techniques.

Anteroposterior and lateral films are required. Oblique films are usually needed

in patients with suspected sagittal sinus thrombosis, and neck films to see if the

jugular vein is occluded. Failure of a sinus/vein to fill (opacify) throughout all

or most of its course suggests thrombosis. Dilated, tortuous venous collaterals

extending away from the occluded sinus or vein, and a prolonged contrast blush

in the brain parenchyma further support the diagnosis (fig. 13). An empty delta

sign may also be seen on frontal views in cases of superior sagittal sinus throm-

bosis. The use of cerebral angiography to diagnose CVT has limitations.
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a b

c

Fig. 12. a CT venography showing thrombosed superior sagittal sinus. b 3-D CTV

showing thrombosed left transverse sinus. c CTA shows thrombosed left internal jugular vein.

a b

c

Fig. 13. Conventional angiography showing thrombosis of the superior sagittal (a) and

left transverse (b) sinuses, and prolonged contrast blush (c).
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Hypoplastic sinus(es) may not opacify, leading to a false diagnosis of pseudo-

occlusion. MRI, together with MRV, is more reliable in differentiating

hypoplastic from occluded sinuses as mentioned above. Thrombosis of the cav-

ernous sinus cannot be reliably diagnosed with conventional angiography. The

use of conventional angiography is currently limited to patients in whom

MRI/MRV is inconclusive, especially those with isolated cortical vein throm-

bosis, and in cases where intrasinus administration of thrombolytic therapy or

interventional recanalization procedures are contemplated.

Transcranial Doppler

Ultrasound techniques may have a role in diagnosing CVT [19] [see also the

chapter by Stolz, this vol., pp. 112–121]. Thrombosis of the superior sagittal sinus

or deep basal veins of Galen, Labbé or Rosenthal can be associated with increased

flow velocities in the deep venous system. It has been suggested that serial tran-

scranial Doppler (TCD) evaluations may be useful in monitoring changes in

venous flow and response to treatment. However, available data about the utility of

TCD in CVT are limited, and the reliability of TCD findings needs confirmation.

Conclusions

Progress in neuroimaging techniques has made the diagnosis of CVT eas-

ier. At present, MRI, combined with MRV, is largely reliable as the sole imaging

modality for diagnosing CVT. It is noninvasive, and can show anatomical

details of the disturbed venous circulation and secondary parenchymal changes.

However, this technique has its pitfalls that can lead to false-positive and -neg-

ative results. Conventional cerebral angiography should be reserved for doubt-

ful cases. The use of CTV is rapidly evolving, and is likely to play a larger role

in diagnosing CVT in the future.
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Abstract
Ultrasound examination of cerebral veins and sinuses is a new application which has

been developed in the recent years. In the acute phase of cerebral vein and sinus thrombosis,

occlusion of dural sinuses may be diagnosed by transcranial color-coded duplex sonography

(TCCS) after echo contrast agent application demonstrating a filling defect. Collateral

venous flow can be assessed by both transcranial Doppler sonography and TCCS. However,

ultrasonographic techniques are not sensitive enough to exclude cerebral venous thrombosis,

but they may complement other imaging techniques. In the follow-up, sonographic findings

are related to the functional outcome.

Copyright © 2008 S. Karger AG, Basel

The most frequent symptoms and signs of cerebral venous thrombosis

(CVT) are unspecific and include headaches (80–90%), hemiparesis (40–50%),

seizures (30–40%), and mental state disorders (20–30%) [1, 2]. In a cohort of

emergency room patients presenting with such symptoms, a frequency of CVT

of approximately 10% has been found [3], which is far higher than previously

thought. Oligosymptomatic cases further complicate diagnostic decisions. This

raises the question of suitable screening techniques which can be applied in an

emergency department. Venous ultrasound techniques have been developed in

the mid-1990s in the hope to be used as a noninvasive, easy to use and cost-

effective screening method for CVT.

Examination Technique

Venous anatomy relevant to ultrasound application and the examination

technique have been reviewed in detail in another volume of this series [4]. One
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important anatomic characteristics of the intracranial venous system with rele-

vance for ultrasound examinations is the lack of valves. This implies that the

flow direction in cerebral veins and dural sinuses is governed solely by the cur-

rent pressure gradient.

Only the veins and sinuses located in proximity of the cranial base and the

posterior fossa sinuses can be examined by ultrasound techniques. The most

important limitation of the technique is the inability to visualize cortical veins

and the superior sagittal sinus (SSS) in its frontal, mid-, and posterior part,

except for the portion adjacent the confluens sinuum.

In principle, examination can be performed with both conventional tran-

scranial Doppler sonography (TCD) and transcranial color-coded duplex sonog-

raphy (TCCS) [5]. TCD uses the segments of the circle of Willis as landmarks to

identify venous vessels and is thereby limited in the extent of the examination.

The clear advantage of TCCS over TCD is that it represents a true imaging

method with depiction of parenchymal structures simultaneous with the blood

flow information, enabling examination independent of arterial landmarks.

Transcranial Doppler Sonography

Examination usually starts by insonation through the temporal acoustic

bone window. The main segments of the circle of Willis serve as landmarks. The

deep middle cerebral vein (dMCV) is found in close proximity of the middle

cerebral artery mainstem; the postpeduncular part of the basal vein (BV) is best

insonated slightly superior of the P2-segment of the posterior cerebral artery [6].

The leading structure towards the cavernous sinus inflow region (sphenoparietal

sinus, SPaS, and superior petrosal sinus, SPS) is the carotid siphon; however, a

clear anatomic identification of the flow signal is not possible [7]. Flow in these

venous vessels is normally directed away from the transducer. The ophthalmic

window can be used to examine the superior ophthalmic vein and the cavernous

sinus region [7]. Through the occipital foramen, the inferior petrosal sinus (IPS)

can be reached in a depth of 9–10 cm using the basilar artery as a leading struc-

ture [8]. The venous signal found lateral of the artery displays a flow towards the

probe. The occipital bone window provides access to the straight sinus (SRS)

with flow directed towards the transducer [9]. However, this ultrasound window

is hampered by a high rate of insufficient acoustic penetration [10].

Due to the low venous flow velocities, the pulse repetition frequency gen-

erally needs to be reduced and a small sample volume has to be used to prevent

masking of the venous signal by the arterial Doppler spectrum. Sometimes it

may be necessary to ascertain the venous origin of a Doppler signal by the

prompt reactivity upon a brief Valsalva maneuver.
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Transcranial Color-Coded Duplex Sonography

In principle, TCCS uses the same acoustic bone windows as TCD. In order

to examine intracranial veins and sinuses, a low-flow sensitive color program

with a low wall filter setting has to be used and the pulse repetition frequency

needs to be reduced. The color gain is increased to the artifact threshold.

Insonation starts in the mesencephalic examination plane with the mesen-

cephalon as the major landmark in B mode. The dMCV is found adjacent to the

middle cerebral artery and is best insonated in the transition of the M1 to the

M2 segments. The cavernous sinus inflow region is imaged by downward tilt of

the transducer to the cranial base. Landmark structure for insonation of the

SPaS is the echogenic lesser wing, and for the SPS the echogenic pyramid of

the sphenoid bone. Using the mesencephalon as reference plane, for depiction

of the BV the transducer is angulated upwards towards the diencephalic plane.

The BV is found slightly cranial to the P2 segment of the posterior cerebral

artery. All aforementioned structures display a flow away from the probe. Then

the B mode depth is increased, so that the contralateral skull becomes visible.

Prominent midline structures of the diencephalic insonation plane comprise the

echogenic double reflex of the third ventricle and the echogenic pineal gland.

The great cerebral vein (of Galen; GCV) is found immediately behind the

pineal gland with a flow away from the transducer. In this examination plane,

the rostral part of the SSS may be visible. In order to examine the SRS, the ante-

rior tip of the transducer needs to be rotated upwards to align the insonation

plane with the plane of the apex of the cerebellar tentorium. The course of the

SRS is directed away from the transducer towards the confluens sinuum.

Proceeding from this transducer position, the probe is angulated downwards

again to depict the contralateral transverse sinus (TS). For examination of the

IPS, the same approach is used as for TCD. The medial frontal bone window,

which is located paramedially on the forehead, allows the examination of the

internal cerebral veins (ICV) [11]. The occipital bone window, located about

two finger widths above and paramedially to the external occipital protuber-

ance, allows access to the SRS sinus, the GCV, and the ICV [12].

Normal Values and Reproducibility

Normal values for venous flow velocities are summarized in table 1. No

significant differences have been observed between values obtained by TCD or

TCCS. In healthy controls, the detection rates of the deep cerebral veins

(dMCV, BV, GCV) is high, especially when TCCS is used; however, variable

insonation rates have been reported for the posterior fossa sinuses [5]. The
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reproducibility and interobserver reliability of venous measurements are com-

parable to those in the arterial system [13]. However, as with all ultrasono-

graphic methods, accuracy is operator-dependent.

Application of Ultrasound in CVT

Ultrasound in the Acute Phase of Illness

First reports on the use of TCD in CVT date back to the 1990s, when high

venous flow velocities were found in patients more or less incidentally [14, 15].

These flow signals were interpreted as a consequence of collateral venous flow

and were the motivation for systematic studies.

However, even in studies where examiners were not blinded to diagnosis,

the rate of pathological examinations ranges from 50 to 100% (table 2), so that

CVT cannot be excluded with ultrasonographic methods. Only two studies,

Table 1. Normal values of flow velocities in cerebral

veins and sinuses

Flow velocities Detection rates, %

TCCS, temporal bone window (n � 250)

dMCV 4–15/3–11 53–95

BV 7–20/5–15 85–100

GCV 6–32/4–25 84–94

SRS 6–39/4–27 23–82

TS 6–56/5–38 20–84

SSS 6–20/3–14 38–67

TCCS, temporal bone window (n � 43)

SPaS � SPS 27 � 17 84

TCCS, occipital (n � 120) and frontal bone windows (n � 75)

GCV 12–34/7–26 20–34

SRS 7–64/2–43 50–81

ICV 7–22/4–16 13–60

TCD transforaminal bone window (n � 80)

IPS 20 � 9 78

Flow velocities are given as range of systolic/diastolic

values if not otherwise indicated. DR � Detection rates.

Data are based on references [7, 11, 23–26].



S
to

lz
1
1
6

Table 2. Systematic studies of venous transcranial ultrasound in acute CVT

Reference

16 27 28 17 18 21

Method ce-TCCS TCD TCD 3D-TCCS TCCS TCCS

Patients with CVT/cohort 8/14 6/6 18/18 3/28 8/8 26/26

Pathological US, % 88 50 100 100 63 69

Pathological findings n.e. 67 17 n. e. 62 56

in deep cerebral

veins, %

Pathological findings 100 33 83 100 38 44

in sinuses, %

Annotation only examination – – only examination – –

of TS of TS

Sensitivity, % 73 – – 100 – –

Specificity, % 80 – – 65 – –

PPW, % 67 – – 15 – –

NPW, % 84 – – 100 – –

Reference MRT/MRA MRI/MRA MRI/MRA MRI/MRA MRI/MRA MRI/MRA

DSA DSA CTA DSA CTA

DSA DSA

US � Ultrasound; ce-TCCS � contrast-enhanced TCCS; 3D-TCCS � three-dimensionally reconstructed TCCS; n.e. � not examined;

PPV � positive predictive value; NPV � negative predictive value; DSA � digital subtraction angiography.
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both limited to the examination of the TS and using echo-contrast agents, pro-

vide data on sensitivity and specificity [16, 17]. In these studies, sensitivity

ranges between 73 to 100% and specificity between 65 to 80%. Current data

suggest the following diagnostic criteria:

Direct Criteria
Direct criteria comprise the lack of color signal within a dural sinus after

application of echo contrast agents. However, thrombotic occlusion or partial

thrombosis cannot be differentiated from aplasia or hypoplasia by ultrasound

alone. Even three-dimensional reconstruction does not improve the rate of

false-positive results [17].

Indirect Criteria
Indirect criteria are based on the detection of venous collateral flow. The

following patterns can be observed [5]:

• Due to high venous flow velocities in collaterals, numerous prominent

veins are visible even when an arterial presetting of the ultrasound system

is used.

• Venous flow velocities are pathologically increased (defined as �
mean � 2 standard deviations) as a result of a collateral venous outflow.

The extent of the increase in flow velocities depends on the anatomical

location, the ability of venous wall distension, the original caliber of the

collateral, and the volume flow in relation to the total collateral volume

flow. False-positive results may arise when flow velocities in the SPaS and

the SPS are measured in proximity of the cavernous sinus, because of the

gradual tapering of the diameter, so that measurements should be per-

formed more distally from the cavernous entrance.

• A retrograde flow direction in the BVs is typically found in SRS occlusion.

In the proximal part of the TS, flow reversal can be observed when the

sinus is distally occluded. The SPS may show a reversed flow when the

pressure gradient is directed towards the TS.

• Significant side differences (�50%) for the dMCV and the BV were not

observed in normals [18]. Due to the considerable rate of hypoplasias or

caliber differences, side differences of flow velocities in paired sinuses

have only a diagnostic relevance when venous flow velocities are patho-

logically increased.

Despite the limitations of the method, transcranial ultrasound provides

information on venous hemodynamics, which is not offered by computed

tomography angiography (CTA) and conventional time of flight magnetic

resonance angiography (MRA), and is therefore complementary to these

methods.
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Fig. 1. Functional venous examination. The MRA shows a lack of flow signal in the

left TS. Differential diagnoses can either be sinus occlusion, aplasia, or artifact with insuffi-

cient sensitivity to detect flow in severe hypoplasia. Upper panel depicts insonation of the TS

(dark circle) and short compression of the contralateral jugular vein (gray circle). In the dom-

inant TS, compression (white line) leads to a modest flow velocity increase, in the nondomi-

nant TS to a large increase. Lower panel depicts insonation of the TS (dark circle) and

compression of the ipsilateral jugular vein (gray circle). Compression (white line) leads to a

significant decrease in flow velocities in the dominant TS, while it has little to no effect on

the nondominant TS. Compression maneuver could exclude occlusion or aplasia in this case;

however, hypoplasia or partial thrombosis cannot be excluded.
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Functional Venous Examinations

So far, functional venous ultrasound examinations have been reported for

the extracranial venous system: in the supine position, the internal jugular veins

are the major drainage pathway, while in the upright position the jugular

veins collapse, and the vertebral venous plexus serves as the main outflow tract

[19, 20].

Functional venous examinations may also be helpful in clarifying MRA

findings relevant to the differential diagnosis of CVT. A frequent, yet not

always pathologic finding on MRA is a missing flow signal particularly in the

TS. According to our own experience [unpubl. data], insonation of the TS by

TCCS and a short compression of the jugular vein may clarify the question

whether the TS is patent or occluded (fig. 1). Of course, this approach cannot

differentiate between hypoplasia and partial thrombosis.

Ultrasound in the Follow-Up of CVT

Venous transcranial Doppler and duplex sonography are particularly suit-

able for follow-up examinations. In our own prospective study of 26 patients

with acute CVT, an initially normal venous ultrasound examination or normal-

ization within 90 days were significantly associated with an excellent outcome

(modified Rankin Scale score 0 or 1) [21]. In contrast, in 37 prospective

patients with CVT recanalization of occluded dural sinuses was frequently

observed as early as 22 days after diagnosis using MRI; however, even early

recanalization was not associated with the outcome [22]. This highlights the

importance of hemodynamic factors for the long-term outcome of CVT, which

cannot be assessed by current routine CTA and MRA.

In individual cases, a sudden increase in venous flow velocities concurrent

with new clinical symptoms has been observed in the acute phase of illness

when anticoagulation had to be stopped because of bleeding complications

[15]. Flow velocities decreased again upon reinitiation of anticoagulation.

However, currently it is not clear whether venous transcranial ultrasound can

play a useful role in monitoring and steering anticoagulation in CVT.
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Abstract
Cerebral venous thrombosis is currently thought to be a relatively rare and benign

entity in childhood. Recent studies however have shown that cerebral venous thrombosis is

more common than previously believed, and carries significant mortality and neurologic

morbidity. Neonates are the most commonly affected age group, compared to children �1

month of age. Magnetic resonance imaging venography is the gold standard by which this

diagnosis should be made. Clinical trials are currently necessary to determine the most effi-

cacious, safe, and age-specific approach for anticoagulation for this childhood disorder.

Copyright © 2008 S. Karger AG, Basel

Thrombosis of the cerebral venous system is recognized as a relatively rare,

though highly underdiagnosed cause of stroke in newborns, infants and children

[1–3]. Few studies have determined the population-based incidence of cerebral

venous thrombosis (CVT) in children. Work done by the Canadian Pediatric

Stroke Registry, however, estimated the incidence to be 0.67 per 100,000 per

year, with a preponderance of neonates (43%), and over half (54%) being �1

year of age [2]. Interestingly, there appears to be a male predominance in this age

group, with as many as 75% of neonates presenting with CVT being male [4].

Beyond the neonatal period, the incidence of CVT is relatively evenly dis-

tributed among the age groups to 18 years, and averages between 2 and 4% per

year. Clinical presentation, however, as well as underlying etiologies, differ dra-

matically between the neonate and older infants and children [3, 5]. Diagnostic

criteria, imaging modalities, and a menu of appropriate investigations have not

been established in the pediatric population. In large part, this may be due to the

absence of accepted standardized guidelines for treatment, and the criteria

around which these might occur.
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Outcomes appear better for children with CVT than for arterial ischemic

stroke [6], though few studies have looked at long-term outcome, which sug-

gests that current data underestimate the degree of neurologic morbidity associ-

ated with venous thrombosis in children.

The following chapter will highlight the known information regarding

CVT in the newborn, infant and child, and attempt to propose a logical

approach to these patients, with a look to the future research needed to improve

our care of this underdiagnosed entity.

Clinical Presentation

Presentation of CVT differs between the newborn, and the infant and child

greater than a month of age [2, 3, 5, 7] (table 1). In the newborn, both diffuse

and focal symptoms present less frequently than they do in the infant and child.

Frequently presenting features in the �1 month old are those of a neonatal

Table 1. Clinical presentation of CVT in neonates, infants and children

Presenting symptoms and signs Neonate Non-neonate

Seizures ��� ��
Diffuse neurologic manifestations ��� ����
Decreased LOC �� ��
Headache �� ���
Irritability � �
None �� �

Focal neurologic manifestations � ��
Hemiparesis � ��
Cranial nerve abnormalities � ��
Visual deficit �� �
Speech impairment �� �
None ��� ��

Systemic manifestations

Fever �� ��
Poor feeding �� �
Apnea � ��

The above table is a compilation of data from references [2, 5, 7]. The plus

signs reflect the general incidence of presenting signs or symptoms in the

neonate or non-neonatal age range. ���� � �75%; ��� � �50%;

�� � �25%; � � �0%.
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encephalopathy, particularly lethargy or irritability, and poor feeding, with

seizures being reported as the most common phenotype in 50–70% of babies.

This is frequently associated with jitteriness, hypotonia, and apnea. In the older

child, symptoms are more often of a chronic nature, with headache, drowsiness

and lethargy being present in approximately half of the children, followed by

vomiting and seizures. Fever, as a presenting sign occurs in 45% followed by

focal signs of hemiparesis and cranial nerve abnormalities. The lack of features

in the neonate especially, make the diagnosis difficult to establish, and likely is

responsible for the underestimation of this entity in this age group.

Pathophysiology

Risk factors that predispose to the development of CVT also differ

between the newborn and older child [1, 2, 7–9]. In this regard, the neonate may

be at risk for CVT on the basis of intrauterine maternal or fetal factors, perina-

tal distress, or postpartum neonatal conditions. Wu et al. [7] describe 30

neonates seen over an 11-year period of time at a tertiary care facility in north-

ern California. All patients, but one, were born at term. Maternal complications

were present in 40% of the newborns, with chorioamnionitis being present in

half of these (20%), followed by hypertension and diabetes in the mother

accounting for 10% each. Perinatal distress including meconium, low 5-min

Apgar score, and intubation at birth was present in almost 60% of the neonates

with CVT. Neonatal medical complications occurred in 67%. Congenital heart

disease was the most common and accounted for a third, followed by sepsis and

disseminated intravascular coagulation, polycythemia and severe dehydration.

Thirteen percent of the newborns had no identified risk factor. However, the

majority had multiple risk factors for the development of CVT.

The Canadian Pediatric Stroke Registry has reported on the largest cohort

of patients with CVT [2]. In this study, deVeber and the 16 included Canadian

Tertiary pediatric centers found 160 patients with CVT over 6 years of enroll-

ment. In this study, there was a very significant difference in the risk factors

associated with CVT between neonates and non-neonates. As described in the

above study, multiple risk factors frequently occurred in both age groups. Head

and neck infections were particularly common in the older children, accounting

for 38%, but only 16% in neonates. Acute systemic illnesses were more com-

mon in the neonate (84%), and again included perinatal complications, dehy-

dration and sepsis, in the majority. In the non-neonates, chronic systemic

disease occurred more often (60%), and included connective tissue disorders,

hematologic abnormalities, cancer, cardiac disease, and disorders requiring an

indwelling catheter. Interestingly, this study further highlighted the presence of
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prothrombotic disorders in all age groups (41%), though it was found to be

twice as common in the non-neonate. The most frequent abnormality was the

presence of anticardiolipin antibody. Other findings included decreased levels

of protein C, antithrombin, and protein S. Much less frequent were abnormali-

ties of fibrinogen, plasminogen, lupus anticoagulant, factor V Leiden and the

G20210A prothrombin-gene mutation. The authors further found that in many

of the cases related to protein C, S, and antithrombin, the disorder was likely

acquired due to liver or kidney disease or sepsis. Others had received procoag-

ulant drugs given during the course of cancer therapy, or as birth control.

Sebire et al. [5] described 42 children with CVT. In their group of patients,

40% had previous illness (chronic disease) most as described above. In those

who were previously well (60%), the vast majority had an acute illness, most of

which were infectious in etiology (73%). Interestingly, this group of investiga-

tors found a very high incidence of ear infection, mastoiditis or sinusitis (49%).

Less well documented is the finding that iron deficiency is a common

abnormality found in children with stroke, and is equally distributed among

those patients with arterial ischemic stroke and those associated with cerebral

sinovenous thrombosis [10, 11]. In this regard, Hartfield et al. [10] found a sig-

nificant association of arterial or venous stroke in children who were less than

18 months of age, had a mild respiratory or gastrointestinal infection, and iron

deficiency. The authors further pointed out that the vast majority of these patients,

though iron deficient, were not anemic. Sebire et al. [5] documented similar find-

ings, but also pointed out the importance of several of the hemoglobinopathies

including sickle cell trait and disease, and the thalassemias. In each of these

forms of inherited or acquired abnormalities, blood cell deformability is likely

one of the main reasons for the predisposition to CVT, though other possibili-

ties include an increase in coagulability due to thrombocytosis, in the case of

iron deficiency.

Not commonly thought of in children is the use of contraceptives. Bousser

and Kittner [12], reviewed 25 studies looking at the association of oral contra-

ceptives and stroke. He concluded that high estrogen content of �50 �g

increased the risk of all stroke types, and that this risk is increased if the use of

contraceptives is associated with hypertension, smoking or migraine.

Importantly, the risk for cerebral sinus thrombosis was increased with the use of

oral contraceptives, even at low dose, with estrogen �50 �g.

Diagnosis

Cerebral sinovenous thrombosis, though rare, is largely underdiagnosed [13].

Familiarity with the clinical presentation is essential to the ultimate diagnosis
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(table 1), and presents a challenge given its broad range of signs and symptoms,

variable presentation being both acute and chronic, and ubiquity across age

groups. The advent of neuroimaging has greatly improved the evaluation of chil-

dren with suspected CSVT (fig. 1). Head ultrasonography is frequently used as a

Suspected cerebral sinovenous thrombosis

(Symptoms of decreased or altered level of consciousness,
seizures, hemiplegia, poor feeding, visual alteration, headache,

vomiting, apnea, etc.) 

Confirmation with MRI/MRV

Contraindication to
anti-coagulation

YES
(Large intracranial 

hemorrhage)
NO

No anti-coagulant
Tx repeat MRI/MRV in 3–5 day

Thrombus extension

Initial 5–7 days heparin or LMWH followed by
heparin or warfarin for 3 months

Discharge home or to rehabilitation center
follow up at 3 months

repeat MRI/MRV follow up at 6 months 
(Factor V Leiden, PT20210, MTHFR)

follow up at 18 months (protein C, S, antithrombin III) 

Neonate and �17 years,
INR, CBC (MCV and RDW), CRP,
fibrinogen, iron, TIBC, anti-nuclear

antibody, rheumatoid factor 

Monitor for clinical signs of hemorrhage or thrombus
extension – consider repeat CT if unable to clinically monitor

YES

No
anti-coagulation

Consider anti-coagulation
even with

localized hemorrhage 

Fig. 1. Clinical pathway for the workup of CVT.
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screening tool in the diagnosis of brain injury of the newborn infant [14], but is

no longer a consideration in the accurate visualization of CVT of the newborn.

Computed tomography (CT) is certainly a rapid and effective method of detect-

ing CVT, but not infrequently presents false-negative results [2]. Magnetic reso-

nance imaging with venography (MRV) is clearly considered the gold standard

technique to use in the diagnosis of CVT. Even in these circumstances however,

experience is necessary to distinguish false-negative and false-positive results

based on the timing of the image as it relates to the maturity of the clot and the

presence of flow voids. Others, however, have certainly found CT venography to

be as accurate in detection as MR venography [15–17].

The location of the clot and its attendant abnormalities are important, not

only in the decision making process about treatment, but they also have signifi-

cance related to prognosis and outcome (fig. 2). In this regard, pediatric studies

have shown the superficial venous structures to be involved more frequently

than deep venous structures, though the frequency of involvement between the

two areas appears to be similar between the neonatal and nonneonatal age

range. The superficial venous system is involved in the majority (85%), with

over half of these involving the superior sagittal and lateral sinuses (55%). The

deep venous system is involved less frequently (38%), with the straight and

internal cerebral sinuses showing clot 24 and 10% of the time [2]. Clearly, mul-

tiple areas of involvement occurred frequently.

Sagittal sinus
Cortical veins

Straight
sinus

Vein of Galen

Lateral sinus

Fig. 2. MRV. Major venous sinuses are labeled with arrows.
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Infarction and hemorrhage were frequently seen in combination.

Depending on publication, the combination appears in between 25% [1] and

almost 60% [5] of patients, and may have a predilection for the newborn.

Almost 1/3 of patients appear to have no evidence of parenchymal involvement,

at least in newborns. These latter tend to present with seizures. Those children

who have structural involvement of one or both hemispheres are more likely to

be non-neonates, and to present with hemiparesis rather than seizures.

Treatment

The evidence for the treatment of CVT in children is clearly lacking as no

clinical trials have been done comparing either no treatment to treatment, or

anticoagulant therapies [18]. A review of 2 relatively small studies in the adult

population did conclude that anticoagulant therapy for CVT was safe, and asso-

ciated with an apparent reduction in the risk of death or dependency [19]. Still,

further studies are required to evaluate the overall advantage of therapy versus

the risk of hemorrhage.

The Hospital for Sick Children reviewed a cohort of 30 children with 32

episodes of CVT in the mid-1990s as part of an ongoing Canadian registry.

Approximately one half of these children had systemic disease, the other 17

were previously healthy (10 non-neonates; 7 neonates). Of the 32, 10 children

received standard heparin, and 12 children received low-molecular-weight

heparin (LMWH). Eighteen children were treated for 3 months after the initial

therapy, and 4 continued to receive LMWH for the duration of therapy. None of

the children in the LMWH group had hemorrhagic transformation, though 1

child had a silent bleed with standard heparin therapy. The authors concluded

that the use of anticoagulant therapy, particularly LMWH, for the treatment of

childhood SVT was safe, thought clearly further studies were warranted [20].

Guidelines have been published, both in the UK and North America, based

on the current best available evidence, though the latter is admittedly slim [21].

For newborns, the UK guidelines do not address treatment. The Chest guide-

lines [22] indicate that there is 2C evidence for the use of unfractionated or

LMW heparin initially, and LMWH for 3 months in the newborn with docu-

mented CVT. In the case of large infarctions or a significant hemorrhagic com-

ponent, the suggestion is for close radiographic monitoring, and treatment if

there is extension, in the absence of further hemorrhage. For older children (�1

month of age), the recommendation in the UK guidelines is for the use of anti-

coagulation until recanalization or 6 months. Monagle et al. [22], in the Chest
supplement again recommend unfractionated heparin or LMWH for 5–7 days,

followed by LMWH or warfarin for 3–6 months. The same is recommended
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even in the presence of a reasonably small localized hemorrhagic transforma-

tion. New Chest guidelines will be published in the very near future, though to

date, there have yet to be additional clinical trials in the use of anticoagulation

for childhood CVT. In our own institution, the chest guidelines are currently

followed. Asymptomatic CVT, found on routine imaging is generally not

treated. Similarly, if there is significant hemorrhage involving �30% of a hemi-

sphere, we will empirically not treat with anticoagulation. These children will

be followed by serial cranial CT or magnetic resonance imaging, and if there is

evidence of extension of the infarct and associated symptoms, treatment will be

initiated.

Outcome

Information regarding the outcome of stroke in children is only now

becoming available, in large part due the much enhanced recognition of this as

an important contributor to morbidity and mortality in childhood. Outcomes in

163 patients, of whom 38 had SVT, with a distribution of 1/3 male and 2/3

female were reported by deVeber et al. [6] in 2000. The mean duration of fol-

low-up was 2.0 years. In both the neonatal and non-neonatal groups, 80% were

normal or had only mild deficits. The additional 20% were diagnosed as having

moderate to severe deficits. Outcomes were better in CVT compared with out-

comes in arterial ischemic strokes. Within the CVT group, neonates did some-

what better than did older children.

In the study conducted by Sebire et al. [5], of 42 non-neonates with CVT,

5 patients died, 1 due to recurrence, and the other 4 due to severe neurologic

deficit. Of the survivors, 1/3 were reported as being normal. Twelve patients

had symptoms of pseudotumor cerebri, and 14 of the children had cognitive dif-

ficulties. The findings appeared more suggestive of neurologic morbidity than

did those reported by deVeber et al. [6]. Similar findings were reported by

Carvalho et al. [1], who found no sequelae in 25 and 50% of neonates versus

non-neonates. In a further comparison of neonates versus non-neonates, devel-

opmental delay occurred in 58 and 17%, sixth nerve deficit in 0 and 17%,

hemiparesis in 0 and 8%, learning disability in 5 and 0%, and cortical visual

deficit in 0 and 8%, respectively. Their reported mortality was 10% in neonates

and 17% in older children. Length of follow-up was a mean of 22 months.

In each of the studies, a predisposing neurologic deficit predicted worse

outcome. Other variables that provided some predictive value for worse out-

come in these studies include the presence of an ischemic insult and multiple

areas of involvement. All studies had relatively short duration to the determina-

tion of outcomes. In this regard, it is clear that as with many of the insults seen
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in the newborn and young child, we can expect to see the neurologic morbidity

for CVT increase as reporting of long-term outcomes, particularly into school

age, begin to surface.

Future Considerations

Currently, the best available data suggest that the incidence of cerebral

venous sinus thrombosis is approximately 0.67 per 100,000. However, it is clear

to those of us who work in the fields of neonatology and pediatric neurology,

that this is likely a highly underestimated value. Moreover, the data currently

available tell us that CVT is not the benign entity it was perhaps once thought to

be. With current mortality rates approaching 10%, and neurologic morbidity in

the range of 25 to over 50%, this is a disorder which can no longer be ignored.

More so, given the fact that many of the underlying etiologies can be treated,

and the advent of safe and efficacious anticoagulant therapy appears to be

available. In this regard, future studies should direct themselves to the determi-

nation of those interventions (anticoagulation) which are age specific and most

beneficial for neuroprotection, and diminished propagation of cerebral throm-

bus in childhood.
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Abstract
Cerebral venous and sinus thrombosis (CVST) is a rather rare disease which accounts for

less than 1% of all strokes. Current therapeutic measures which are used in clinical practice

include the use of anticoagulants such as dose-adjusted intravenous heparin or body weight-

adjusted subcutaneous low molecular weight heparin, the use of thrombolysis, and symptomatic

therapy including control of seizures and elevated intracranial pressure. We reviewed the

strength of evidence reported in the literature to support these interventions and provide treat-

ment recommendations based on the best available evidence. Patients with CVST without con-

traindications for anticoagulation (AC) should be treated either with body weight-adjusted

subcutaneous low molecular weight heparin or dose-adjusted intravenous heparin. Concomitant

intracranial hemorrhage related to CVST is not a contraindication for heparin therapy. The opti-

mal duration of oral AC after the acute phase is unclear. Oral AC may be given for 3 months if

CVST was secondary to a transient risk factor, for 6–12 months in patients with idiopathic

CVST and in those with ‘mild’ hereditary thrombophilia. Indefinite AC should be considered in

patients with two or more episodes of CVST and in those with one episode of CVST and

‘severe’ hereditary thrombophilia. There is insufficient evidence to support the use of either sys-

temic or local thrombolysis in patients with CVST. If patients deteriorate despite adequate AC

and other causes of deterioration have been ruled out, thrombolysis may be a therapeutic option

in selected cases, possibly in those without intracranial hemorrhage. There are no controlled data

about the risks and benefits of certain therapeutic measures to reduce an elevated intracranial

pressure (with brain displacement) in patients with severe CVST. Antiedema treatment (includ-

ing hyperventilation, osmotic diuretics, craniectomy) should be used as life-saving interventions.

Copyright © 2008 S. Karger AG, Basel

Cerebral venous and sinus thrombosis (CVST) accounts for less than 1%

of all strokes. Diagnosis is still frequently overlooked or delayed due to the

wide spectrum of clinical symptoms and the often subacute or lingering onset.

Early diagnosis is crucial since anticoagulation (AC) may reduce the risk of a

fatal outcome and severe disability without promoting intracranial hemorrhage.
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The following chapter provides treatment recommendations for patients with

CVST based on the best available evidence from the current literature [1].

Treatment

Available treatment data from controlled trials favor the use of AC in

patients with CVST because it may reduce the risk of a fatal outcome and

severe disability and does not promote ICH [2, 3]. In the prospective study of

Einhäupl et al. [2] which compared dose-adjusted intravenous heparin with

placebo in 20 patients, 8 patients in the heparin group recovered completely and

none died, whereas only 1 patient in the placebo group recovered fully and 3

patients died. Three patients with previous ICH recovered completely and no

new hemorrhages occurred in the heparin group, whereas in the placebo group

2 patients with pretreatment ICH died and 2 new hemorrhages were observed.

The only other randomized trial compared body weight-adjusted subcuta-

neous low molecular weight heparin (LMWH) with placebo in 60 patients with

CVST [3]. A poor outcome – defined as death or Barthel index �15 – was

observed after 3 weeks in 6 of the 30 patients treated with LMWH (20%) com-

pared to 7 of the 29 controls (24%). After 12 weeks, 3 patients (10%) in the

LMWH group and 6 patients (21%) in the placebo group had a poor outcome,

which corresponds to a nonsignificant absolute risk reduction of 11% in favor

of the active treatment. No new ICH or secondary worsening of the 15 patients

with pretreatment hemorrhage was observed in the LMWH group. A meta-

analysis of these two trials showed that the use of AC led to an absolute risk

reduction in death or dependency of 13% (confidence interval �30 to �3%)

with a relative risk reduction of 54% [4]. Although this difference is not statis-

tically significant (presumably due to the small sample size with a total of 79

patients), both trials show a consistent and clinically meaningful trend in favor

of AC and demonstrate the safety of anticoagulant therapy. However, it is

unclear, whether treatment with full-dose intravenous heparin or subcuta-

neously applied LMWH is equally effective. We recommend the use of intra-

venous heparin particularly in critically ill patients because the activated partial

thromboplastin time (aPTT) may normalize within 1 h after discontinuation of

the infusion if complications occur or surgical intervention is necessary. In

patients with isolated intracranial hypertension (and proven CVST) and threat-

ened vision with the need for repeated lumbar punctures to remove cere-

brospinal fluid (CSF) in order to obtain a normal closing pressure, AC should

be withheld until 24 h after the last lumbar puncture [1].

There is currently no evidence from randomized controlled trials about the

efficacy and safety of either systemic or local thrombolytic therapy in patients
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with CVST. Thrombolytic therapy has the potential to provide faster restitution of

venous outflow and positive effects of local thrombolytic treatment of CVST have

increasingly been reported from uncontrolled series [5–8]. Patients were either

treated with heparin and urokinase or heparin and recombinant tissue plasmino-

gen activator (rtPA) which may carry less bleeding complications due to its clot

selectiveness and shorter half-life. Two uncontrolled studies which used rtPA in

combination with dose-adjusted intravenous heparin included a total of 21

patients [6, 7]. In the Korean study [6] which included 9 patients, a mean total

dose of 135 mg (range 50–300 mg) rtPA was used compared to 46 mg (range

23–128 mg) in the American study [7] which included 12 patients. Both studies

placed a microcatheter directly into the thrombus via the transfemoral vein and

performed a bolus injection of rtPA followed by continuous infusion. In the two

studies combined, rapid (mean time of 20 h in the Korean and 29 h in the

American study) and complete recanalization was achieved in 15 of 21 patients

and 14 of 21 patients showed a complete clinical recovery. However, there were

two extracerebral bleeding complications in the Korean study and 2 patients with

pretreatment ICH in the American study worsened because of increased intrac-

erebral bleeding which required surgery in one case. Thus, although recanaliza-

tion was rapidly achieved, local thrombolysis may carry a higher risk of bleeding

complications compared to AC particularly if pretreatment ICH is present [9].

Controlled trials which compare heparin therapy and local thrombolysis are lack-

ing and there is no evidence that clinical outcome is better than with heparin

alone. Currently, local thrombolysis may be a therapeutic option for patients at

high risk for a poor outcome despite heparin therapy. The International Study on

Cerebral Vein and Dural Sinus Thrombosis (ISCVT) identified coma on admis-

sion and thrombosis of the deep venous system apart from underlying causes as

the most important predictors for a poor clinical outcome [10]. More than 80% of

the included 624 adult patients were treated with AC. Comatose patients may

define a subgroup of patients with CVST who are at high risk of death despite AC

[11]. Under this particular condition, the effect of AC may come too late to pre-

vent irreversible brain damage and these patients may possibly benefit from

thrombolytic therapy. A published systematic review on the use of thrombolytics

in CVST suggested a possible benefit in such severe cases [12]. Thirty-eight of

the reported patients were comatose at the start of thrombolytic therapy, 6 (13%)

of whom died. Intracranial hemorrhage occurred in 17% and was associated with

clinical deterioration in 5% of cases. In comparison, a retrospective analysis

found that 53% of patients with stupor or coma at the start of dose-adjusted intra-

venous heparin therapy died [11]. In the ISCVT, 38.7% of the comatose patients

died [10]. However, the results of the review were based on case reports and

uncontrolled case series, and there are yet no established clinical criteria for the

use of thrombolytics in CVST. If patients deteriorate despite adequate AC and
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other causes of deterioration have been ruled out, thrombolysis may be a thera-

peutic option in selected cases, possibly in those without intracranial hemorrhage

[1]. A controlled randomized trial is warranted to further study the efficacy and

safety of thrombolysis in CVST.

Pragmatic Therapy

Heparin Therapy
Dose-adjusted intravenous heparin treatment should be started immediately

with a bolus of 3,000–5,000 IU after the diagnosis, even if a hemorrhagic infarct

is present. The aPTT should at least be doubled. Continuous treatment using an

intravenous infusion system is started with 1,000–1,200 IU per hour, followed by

an increase of 100–200 IU per hour every 6–8 h until aPTT is doubled. The

required heparin dosage varies significantly among patients but administration

of very high dosages (�2,000–3,000 IU/h) may reflect antithrombin III defi-

ciency or wrong filling of the perfusion syringe since other causes of heparin

resistance are rare. Alternatively, LMWH (e.g. nadroparin in a dose of 180

antifactor Xa U/kg/24 h administered by two subcutaneous injections daily) can

be given particularly in uncomplicated cases. A meta-analysis which compared

the efficacy of fixed dose subcutaneous LMWH versus adjusted dose unfrac-

tionated heparin for extracerebral venous thromboembolism found a superiority

for LMWH and significantly less major bleeding complications [13]. Further

advantages of LMWH include the route of administration which increases the

mobility of patients and the lack of laboratory monitoring and subsequent dose

adjustments. Heparin therapy should be continued until remission of the acute

stage of the disease (normalizing level of consciousness or remission of mental

confusion, improvement of headache and focal neurological deficits).

Oral AC
After the acute stage, therapy is switched over to oral AC. Three tablets (à

3 mg per tablet) are given as a single dose on the 1st day of phenprocoumon

therapy, followed by 2 tablets on the 2nd and 3rd day. Further dosage is depend-

ing on the actual international normalized ratio (INR) value with a target INR

of 2.0–3.0. Effective AC must be ensured during adjustment to coumarin or

warfarin therapy. This is accomplished by continuing full-dose heparin therapy

until the INR value is in its target range. If deterioration of the clinical status

appears, heparin therapy should be resumed without termination of oral AC,

because deterioration is usually due to ineffective AC during coumarin or

warfarin adjustment. However, oral AC should be stopped if clinical deterioration

continues. If CVST occurs during pregnancy, oral AC should be avoided due to
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its possible teratogenic effect and ability to pass the placenta. In these cases, AC

should be continued with heparin. However, placenta hemorrhage with subse-

quent placenta insufficiency may also appear during heparin therapy.

Controlled data about the benefit and optimal duration of oral AC in

patients with CVST do not exist. An MRI follow-up study of 33 patients sug-

gested that recanalization occurs within the first 4 months after CVST irrespec-

tive of further AC [14]. These data may provide some guidance on the optimal

duration of AC but whether incomplete or absent recanalization increases the

risk of recurrence is not known. In this as well as in the study by Strupp et al.

[15], no relapses occurred during follow-up time although more than 40% of

the patients had incomplete or no recanalization.

Analogous to patients with extracerebral venous thrombosis, oral AC with

a target INR of 2.0–3.0 may be given for 3 months if CVST was secondary to a

transient (reversible) risk factor and for 6–12 months if it was idiopathic [16].

However, the risk of recurrence of CVST may be lower than that of extracere-

bral venous thrombosis. In the ISCVT, 2.2% of all patients had a recurrent sinus

thrombosis with a median follow-up of 16 months [10] and prolonged AC may

expose some patients to an unnecessary bleeding risk, although there was also a

risk of 4.3% for other thrombotic events during follow-up including 2.5% of

pelvic or limb venous thrombosis and 0.5% of pulmonary embolism.

Oral AC is also recommended for 6–12 months in patients with extracere-

bral venous thrombosis and a ‘mild’ hereditary thrombophilia such as protein C

and S deficiency, heterozygous factor V Leiden or prothrombin G20210A muta-

tions. Long-term treatment should be considered for patients with a ‘severe’

hereditary thrombophilia which carries a high risk of recurrence, such as

antithrombin deficiency, homozygous factor V Leiden mutation, or two or more

thrombophilic conditions. Indefinite AC is also recommended in patients with

two or more episodes of idiopathic objectively documented extracerebral venous

thrombosis [16]. Thus, in the absence of controlled data the decision on the dura-

tion of anticoagulant therapy must be based on individual hereditary and precip-

itating factors as well as on the potential bleeding risks of long-term AC. Regular

follow-up visits should be performed after termination of AC and patients should

be informed about early signs (headache) indicating a possible relapse.

Symptomatic Therapy

Symptomatic therapy includes the use of antiepileptic drugs (AED), man-

agement of increased intracranial pressure (ICP), the control of psychomotor

agitation and psychotic features if present, analgesic treatment (table 1) and the

use of antibiotics in patients with septic CVST.
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Table 1. Treatment strategies for CVST

Substance Indication Aim Dosage Duration

Heparin During the acute aPTT doubled Bolus of 3,000–5,000 Until clinical condition is stable (continuous 

stage IU, then 1,000–1,500 stabilization of symptoms or complete remission, 

IU (average 1,200 IU) usually within 10–14 days)

per hour

LMWH (e.g. During the acute Body weight-adjusted 180 antifactor Xa U/kg Until clinical condition is stable (continuous 

nadoparine) stage therapeutic dose per 24 h stabilization of symptoms or complete remission, 

usually within 10–14 days)

Phenprocoumon Subacute stage Target INR 2.0–3.0 1st day, 3 tablets 6–12 months in idiopathic CVST, 6–12 months in

2nd and 3rd day, patients with a coagulation disorder (see text)

2 tablets 

4th day, according 

to INR values

Warfarin Subacute stage Target INR 2.0–3.0 Days 1 and 2, 6–12 months in idiopathic CVST, 6–12 months in 

10 mg/day patients with a coagulation disorder (see text)

3rd day, according 

to INR values

Phenytoin Prophylactic in Avoidance of seizures 500–1,000 mg The duration of AED therapy should be based 

patients at risk for during the acute stage intravenously over 4–6 h on an individual decision (see text)

seizures (see text) in patients at risk and after the first seizure;

and in all patients prevention of status for prophylaxis or after

after the first epilepticus after the intravenous application:

seizure first seizure 300 mg tid orally
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Acetaminophen Mild headache Necessary pain relief 500–1,000 mg tid On demand

and justifiable

sedation (assessment

of neurological status)

Tramadol Severe headache Necessary pain relief 50–100 mg tid orally or On demand

and justifiable subcutaneously

sedation (assessment

of neurological status)

Triflupromazine Severe nausea Treatment of nausea 10–20 mg intravenously As long as clinically necessary

and vomiting with justifiable

sedation

Haloperidol Agitation, Treatment of agitation 5–20 mg intravenously As long as clinically necessary

psychotic and psychosis with or orally

symptoms justifiable sedation

Midazolam Sedation Short-acting sedation 5–10 mg intravenously As long as clinically necessary

for diagnostic or

therapeutical

procedures

Mannitol 20% Critical rise of ICP, Reduction of ICP 125 ml intravenously Usually for 48–72 h and as long as serum 

threatening brain over 10–15 min osmolality is �320 mOsm/kg

herniation 4–6�/day, dose 

reduction by 

doubling the

application intervals

Table 1. (continued)

Substance Indication Aim Dosage Duration
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Treatment of Seizures
The prophylactic use of AED in all patients with CVST is controversial.

Whereas some authors recommend prophylactic treatment because of the high

incidence of seizures (and series of seizures or even status epilepticus) and their

possible detrimental effects on the metabolic situation during the acute phase of

the disease [17], others restrict the use of anticonvulsants to patients with

seizures [18]. Two studies identified focal sensory and motor deficits, the pres-

ence of parenchymal lesions and intracranial hemorrhage on admission

CCT/MRI and cortical vein thrombosis as independent predictors of early

symptomatic seizures [19, 20]. Although data are insufficient to give recom-

mendations, these findings suggest that prophylactic treatment with AED may

be a therapeutic option for those patients, whereas it is not warranted when

there are no focal neurological deficits and no focal parenchymal lesions on

brain scan (e.g. patients with isolated intracranial hypertension).

If no antiepileptic treatment has been performed before the first seizure

occurs, effective concentrations of phenytoin should be achieved within 4–6 h

because status epilepticus frequently occurs in patients with CVST and is asso-

ciated with an increased mortality [20].

The risk of residual epilepsy after CVST is low compared to the high rate of

patients with early seizures. Reported incidences range from 5 to 10.6% [10, 19,

21]. In a Portuguese series [19], all late seizures occurred within the 1st year. A

hemorrhagic lesion in the acute brain scan was the strongest predictor of posta-

cute seizures. In all series together, late seizures were more common in patients

with early symptomatic seizures than in those patients with none. Thus, pro-

longed treatment with AED for 1 year may be reasonable for patients with early

seizures and hemorrhagic lesions on admission brain scan, whereas in patients

without these risk factors AED therapy may be tapered off gradually after the

acute stage [see the chapter by Ferro and Canhão, this vol., pp. 161–171].

Treatment of Elevated ICP
Although brain swelling is observed in about 50% of all patients with

CVST on CCT, minor brain edema needs no other treatment than AC which

improves the venous outflow sufficiently to reduce ICP in most patients [18,

22]. In patients with isolated intracranial hypertension and threatened vision, a

lumbar puncture with sufficient CSF removal to obtain a normal closing pres-

sure should be performed before starting AC 24 h after the puncture. There are

no controlled data but acetazolamide may be considered in patients with persis-

tent papilloedema. In few patients, vision continues to deteriorate despite

repeated lumbar punctures and/or acetazolamide. In these cases, shunting pro-

cedures (lumboperitoneal, ventriculoperitoneal shunts or optic nerve fenestra-

tion) should be considered [1].
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Antiedematous treatment is necessary in only 20% of patients and should

be carried out according to general principles of therapy of raised ICP (head

elevation at about 30�, hyperventilation with a target PaCO2 pressure of

30–35 mm Hg, intravenous application of osmotic diuretics). However, one

should keep in mind that osmotic substances might be harmful in venous out-

flow obstruction since they are not as quickly eliminated from the intracerebral

circulation as in other conditions. The use of tris-hydroxy-methyl-

aminomethane which decreases ICP after intravenous administration via an

alkalotic vasoconstriction may be a therapy option in ventilated patients.

Restricted volume intake for treatment of brain edema must be avoided, since

these measures can cause an additional deterioration of blood viscosity.

Steroids can not be generally recommended for treatment of elevated ICP since

their efficacy is unproven and they may be harmful through their promotion of

the thrombotic process. No benefit of steroids was found in a case-control study

of the ISCVT [23].

In severe cases with threatening transtentorial brain herniation due to a

unilateral large hemorrhagic infarct, decompressive surgery may be the only

way to save the patient’s life. Local thrombolysis seems to be no treatment

option in such cases because of the incalculable risk of further ICH extension

with an additional detrimental effect on ICP. Stefini et al. [24] reported 3

patients with fixed dilated pupils due to transtentorial herniation who under-

went decompressive surgery, 2 of whom recovered with only minor neurologi-

cal sequelae. The hemorrhagic infarct should not be removed because neuronal

damage is often less pronounced in CVST-related hemorrhage explaining the

possible reversibility of even severe clinical symptoms [25].

Treatment of Septic CVST
Septic CVST almost always occurs in patients with bacterial cranial infec-

tions. The clinical signs of CVST are often accompanied or dominated by the

symptoms of local infection, fever and a CSF pleocytosis due to an associated

bacterial meningitis. Septic CVST is due to a contiguous propagation of throm-

bosis from infections of the nose, the ears or the neck. The cavernous sinus is

more frequently affected by infections of the face, whereas the lateral and pet-

rosal sinuses are more frequently affected by infections of the ear. A more dis-

tant focus is an exceptional cause [26]. Septic cavernous sinus thrombosis has a

distinct clinical picture with chemosis, exophthalmos, and painful ophthalmo-

plegia (with lesions of the III, IV and VIth cranial nerves). It is initially unilat-

eral but frequently spreads to the opposite site, whereas extension to other

sinuses or to the intracavernous portion of the carotid artery is rare but often

dramatic. Septic thrombosis of posterior sinuses often extends to other sinuses

and veins of the brain, causing the same clinical features as noninfective CVST.
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Isolated septic cortical vein thrombosis without affection of the sinus is

extremely rare [27]. Clinical symptoms (meningeal syndrome, seizures and

focal signs) will often be attributed to purulent meningitis and diagnosis will

only be established if conventional angiography is performed.

Prognosis of septic CVST is worse compared to nonseptic cases with

reported mortality rates ranging from 50 to 80%. Treatment includes the early

administration of systemic antibiotics, surgical removal of the infectious focus

and the use of AC. Antibiotics will be chosen according to the bacteria found

after surgical removal, in the CSF, blood samples or in smear examinations.

Treatment should be started with antibiotics which are highly effective against

bacteria commonly found in infections of the face, neck or ear. We start with a

third-generation cephalosporin (e.g. ceftriaxone 1 � 2 g/day intravenously)

combined with a penicillinase-resistant penicillin (flucloxacillin 6 � 2 g/day

intravenously). In patients with suspected nosocomial infection, meropenem

(3 � 2 g/day intravenously) or ceftazidine (3 � 2 g/day intravenously) and van-

comycin (4 � 0.5 g/day intravenously) are recommended. The effect of heparin

in septic CVST has not been systematically investigated but most authors favor

the use of heparin. We have had so far no hemorrhagic complications when AC

was used in patients with septic CVST.

Recommendations

Patients with CVST without contraindications for AC should be treated

either with body weight-adjusted subcutaneous LMWH or dose-adjusted intra-

venous heparin. Concomitant intracranial hemorrhage related to CVST is not a

contraindication for heparin therapy. The optimal duration of oral AC after the

acute phase is unclear. Oral AC may be given for 3 months if CVST was sec-

ondary to a transient risk factor, for 6–12 months in patients with idiopathic

CVST and in those with ‘mild’ hereditary thrombophilia. Indefinite AC should

be considered in patients with two or more episodes of CVST and in those with

one episode of CVST and ‘severe’ hereditary thrombophilia.

There is insufficient evidence to support the use of either systemic or

local thrombolysis in patients with CVST. If patients deteriorate despite ade-

quate AC and other causes of deterioration have been ruled out, thrombolysis

may be a therapeutic option in selected cases, possibly in those without

intracranial hemorrhage. There are no controlled data about the risks and ben-

efits of certain therapeutic measures to reduce an elevated ICP (with brain dis-

placement) in patients with severe CVST. Antiedema treatment (including

hyperventilation, osmotic diuretics, craniectomy) should be used as life-saving

interventions.
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Abstract
Heparin is the standard of care in cerebral venous thrombosis. Local thrombolysis is

believed to better restore venous blood flow than heparin. Thrombolysis is also used when

the patient’s condition worsens despite heparin and symptomatic treatment. The most fre-

quently described cause of worsening is inadequate anticoagulation. Clinical deterioration

due to thrombosis progression in properly anticoagulated patients is rarely observed. When it

is observed, thrombolytic treatment should be considered as a valid option. This is so, even in

the absence of clear evidence from randomized trials that clinical outcome is superior.

Furthermore, in theory, hemorrhagic risk is higher in thrombolysis compared to heparin,

especially when a pretreatment hemorrhage is already present. Thus, this fear that hemor-

rhagic stroke can deteriorate due to thrombolysis treatment leads to the development of

improved mechanical techniques that lower the risk of bleeding. One of these devices is rhe-

olytic thrombectomy, which utilizes the Venturi effect which creates a negative pressure frag-

menting and aspirating the cerebral venous thrombus. These devices can be utilized in

combination with thrombolysis. The interventional neuroradiology data published until now

are promising. However, whether interventional radiology is more effective or safer than

heparin therapy even in patients who can be treated by heparin can only be answered by ran-

domized controlled trials. There is no reason to recommend interventional radiology in these

patients who are likely to have a good outcome unless proven superior in a trial.

Copyright © 2008 S. Karger AG, Basel

In patients with cerebral venous thrombosis (CVT), mortality rates declined

over the last 30 years [1–5] as a consequence of: (a) earlier diagnosis with mag-

netic resonance imaging (MRI) [6]; (b) possibility to diagnose CVT in patients

with isolated intracranial hypertension [7–9] or headache [3], who usually have a
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favorable outcome [4], and (c) policies of early anticoagulation [6, 10]. Although

the level of evidence for its efficacy is not very high, heparin therapy is safe in

CVT [4], even in hemorrhagic cases [6, 10, 11] and recommended as the stan-

dard therapy [6]. Interventional neuroradiology has been suggested as another

therapeutic option [12].

The aim of this chapter is to evaluate using data from the literature the

rationale for interventional neuroradiology in CVT, feasibility, efficacy and

safety issues, and to make proposals for the future. The literature was limited to

5 languages: English (all authors), Italian and German (V.C.), French and Dutch

(D.L.). The use of articles written in other languages was restricted to that of

their English abstract.

Rationale for Interventional Neuroradiology in CVT

Heparin being the standard of care in CVT, the question of whether inter-

ventional neuroradiology should be used does not apply to those patients who

are likely to tolerate heparin and to have a reasonable chance of good outcome

under heparin. Therefore, it is crucial to identify predictors of outcome as soon

as possible.

Factors identifiable at admission that have been found as associated with a

poor short-term outcome are coma, intracerebral hemorrhage, delta sign on CT,

central nervous system infection, focal deficits, symptoms of encephalopathy

(generalized seizures, abulia, delirium, stupor or coma), bilateral pyramidal

tract signs or deep location of the thrombosis (straight sinus or Galien vein)

[3–9, 11, 13–16]. The outcome of deep CVT appears difficult to clearly iden-

tify; the criteria of bad outcome in these forms could be the presence of a coma

and extreme ages of life [17, 18].

Factors associated at admission with a good short-term outcome are normal

consciousness, absence of intracerebral hemorrhage or infarct, younger age,

absence of signs of encephalopathy, isolated intracranial hypertension, absence

of focal deficit, absence of cancer, and early heparin therapy [3–9, 11, 13–18].

However, most studies evaluating the outcome in CVT shared the follow-

ing issues [3–9, 11, 13–18]: (a) a long period of recruitment leading to hetero-

geneity in the diagnostic work-up (especially in the radiological procedure),

and treatment; (b) a retrospective design, leading to incomplete case ascertain-

ment and underestimation of so-called ‘minor sequelae’; (c) a recruitment bias

with a high proportion of benign cases such as isolated intracranial hyperten-

sion; (d) the absence of multivariate analysis, or (e) evaluation in the setting of

a drug trial, i.e. in a group of patients who are not representative of all patients

with CVT, and are usually treated in highly specialized units.
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Other therapeutic options, especially interventional radiology seem to be

interesting options to be tested in patients who have predictors of poor outcome,

and in the case of worsening despite appropriate anticoagulation.

Feasibility of Interventional Neuroradiology in the Treatment of CVT

Pharmacological Thrombectomy

Case Series
Vines and Davis [19] were the first to report on the use of urokinase in

CVT, followed 10 years later by Di Rocco et al. [20], who successfully treated 5

patients with intravenous urokinase and heparin. In 1988, Scott et al. [21]

reported on the first case of local fibrinolytic therapy in a young patient with an

extensive superior sagittal sinus thrombosis. A local urokinase infusion was

performed via a frontal burr hole and the patient who had initially been decere-

brate made a good recovery despite the occurrence of a posttreatment hemor-

rhagic changes. About 30 cases of local urokinase infusion have been reported

up to now, with doses ranging from 0.47 to 13.79 million units, delivered either

through the internal jugular or femoral routes.

Barnwell et al. [22] reported on 3 patients, aged 51–71 years, having

symptomatic dural sinus thrombosis with occlusion, who were treated with

direct sinus perfusion with urokinase. All 3 patients had a dural arteriovenous

fistula; 1 involving the inferior petrosal sinus and 2 involving the transverse

sinus. All 3 patients were administered a transjugular direct infusion of uroki-

nase. In 1 patient, a transfemoral venous approach was initially used but had to

be discontinued because of an infection. The period of continuous infusion for

thrombolysis ranged between 4 and 10 days. In 2 patients, the clinical signs and

symptoms improved along with the angiographic evidence of clot lysis and

dural sinus recanalization. Angiography showed that 1 patient had only a partial

resolution of the torcular herophili and transverse sinus clot and no clinical

improvement was observed.

The largest series to date has been that by Horowitz et al. [12] who treated

13 patients with extensive thrombosis of several sinuses: superior sagittal sinus

(n � 12), lateral sinus (n � 12) and straight sinus (n � 4). Sinus patency and

good recovery were obtained in 12 patients. There was no clinical worsening

despite the presence of hemorrhagic infarct in 4 of these patients. Smith et al.

[23] retrospectively reviewed 7 patients, aged 25–71 years, who presented

symptomatic dural sinus thrombosis and failed to respond to medical therapy.

Therefore, it was decided to treat the occluded sinuses with urokinase locally,

with doses ranging from 20,000 to 150,000 U/h and a mean infusion time of
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163 h (range 88–244 h). Patency of the affected dural sinus was achieved with

anterograde flow in all patients. Six patients either improved neurologically or

were healthy after thrombolysis; 1 patient requiring angioplasty. Another

patient improved after the surgical repair of a residual dural arteriovenous fis-

tula. Globally, the only complications observed were an infected femoral access

site which resolved after antibiotic treatment and a hematuria which cleared up

after discontinuing anticoagulants.

Wasay et al. [24] reviewed 40 consecutive patients with superior sagittal

sinus thrombosis from 1981 to 1997, who had been treated with local urokinase

(thrombolysis group) or systemic heparin anticoagulation (heparin group). The

thrombolysis group (n � 20) received local urokinase into the superior sagittal

sinus followed by systemic heparin anticoagulation. Both groups were similar

for age, sex, baseline venous infarction and predisposing illnesses. Pretreatment

neurological function was reported to be worse in the thrombolysis group (nor-

mal, n � 5; mild, n � 8; moderate, n � 4; severe, n � 3) than in the heparin

group (normal, n � 8; mild, n � 8; moderate, n � 3; severe, n � 1; p � NS).

Discharge neurological function was reported to be better in the thrombolysis

group (normal, n � 16; mild, n � 3; moderate, n � 1; severe, n � 0) than in

the heparin group (normal, n � 9; mild, n � 6; moderate, n � 5; severe, n � 0;

p � 0.019). The rate of hemorrhagic complication was 10% (n � 2) in the

thrombolysis group (subdural hematoma, retroperitoneal hemorrhage) and 0%

in the heparin group (p � 0.49). Three of the heparin group patients developed

CVT related complications such as: status epilepticus, hydrocephalus and

refractory papilledema. There were no reported deaths in the two groups.

Symptom duration in the thrombolysis group ranged from 1 day to 6 months,

but all patients with chronic symptoms had previously either worsening or had

developed new neurological symptoms or deficits. The length of hospital stay

was similar in both groups.

Recombinant tissue plasminogen activator therapy (rtPA) has been used in

combination with heparin because of its theoretical advantages which have

demonstrated a capacity to decrease hemorrhagic risk. r-tPA is clot selective,

has a short time life of 7–8 min, avoids plasminemia and produces the lowest

level of fibrinogen degradation products [25–27].

Kim and Suh [26] published data on the treatment of 9 patients. Average

duration of symptoms before treatment was 29 days (range: 7–112 days).

Symptoms and signs reported in the study were: headache, seizure, lethargy/

somnolence, hemiparesis, and papilledema. Pretreatment MR and CT brain

scans were normal in 3 and showed minimal brain swelling and/or sulcal efface-

ment in 5. Intracerebral hemorrhage (ICH) with venous infarct in the right pari-

etal lobe was present in 1. Mean total dose of rtPA was 135 mg delivered over

20h (range: 8–43h), with concomitant intravenous heparin. Flow was re-established
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in all patients, including 1 who had had an involvement of both convexity and

deep systems. No posttreatment brain hemorrhages were observed while clinical

signs and symptoms, including neurologic deficits, seizures, and headaches,

were treated successfully in all patients during the 3-month follow-up period.

Two hemorrhagic complications were reported: groin bleeding requiring no

treatment in one patient and intraperitoneal hemorrhage caused by hypofibrino-

genemia requiring infusion of fresh-frozen plasma in another.

Frey et al. [25] reported on 12 patients with pretreatment symptoms lasting

1–40 days (e.g. headache, somnolence, focal deficits, seizures, and nausea and

vomiting). Pretreatment MRI disclosed subtle hemorrhagic venous infarction in

4 patients, clear evidence of hemorrhagic infarction in 2, small parenchymal

hemorrhage from recent pallidotomy in 1, and no focal lesions in 5 patients.

Magnetic resonance venography and contrast venography identified thrombi in

the superior sagittal sinuses of 3 patients; transverse/sigmoid sinuses in 2; supe-

rior sagittal sinus and both transverse/sigmoid sinuses in 1; superior sagittal

sinus and one transverse/sigmoid sinus in 5; and superior sagittal sinus, trans-

verse/sigmoid sinuses in 1, and straight sinus in 1. A loading dose of rtPA was

instilled throughout the clot at 1 mg/cm, followed by continuous intrathrombus

infusion at 1–2 mg/h and intravenous heparin was infused concomitantly. Flow

was restored completely in 6 patients and partially in 3, with a mean rtPA dose

of 46 mg (range, 23–128 mg) over a mean time of 29 h (range, 13–77 h).

Symptoms improved in these latter 9 patients concomitantly with flow restora-

tion. Flow could not be restored in 3 patients. In one of these, it was decided to

stop treatment due to a decrease in the fibrinogen level to 118 mg/dl and only

limited flow could be restored. Likewise, in the other 2 patients, hemorrhagic

worsening occurred, and treatment was ceased after initial rtPA dosing. In one

of these, the hematoma was evacuated.

This series by Frey et al. [25] is by far the largest to date, and taken

together with the other reported series here [25] they provided data supporting

the safety and efficacy of r-tPA in CVT. Complete flow restoration was

achieved in most cases (6/12 in the Frey study [25] and 9/9 in the Kim and Suh

series [26]) while there was a complete recovery in 5 out of 12 and 9 out of 9

cases, respectively. Moreover, the average flow restoration in both studies was

reported to be rapid: 29 and 18 h, respectively. Although no such reliable data

are available on the use heparin in CVT, it is an undeniable fact that complete

recanalization with rtPA plus heparin is more effective than heparin alone.

Equally, rtPA has been shown to be more effective than urokinase (an average of

71 h for 29 patients). However, it is noteworthy to report that recanalization had

been obtained even in patients treated long after symptom onset, up to 16 weeks

in 1 case [26], even though the correlation between flow restoration and clinical

recovery was not complete.
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Actually, 1 patient improved despite an absence of flow restoration, and 2

patients completely recovered even though incomplete flow restoration was

observed in both. On the other hand, 1 patient had flow restoration but did not

fully recover. Other flow parameters, such as collateral circulation, are thought

to play a significant role in clinical recovery. This latter outcome measure has

been proven through research as the most significant endpoint for the evalua-

tion of treatment efficacy.

Regarding local rtPA, it carries an indisputable risk. In the Korean study

[26], there were two reported complications: a minor bleeding at the femoral

puncture site and a major intrapelvic hemorrhage requiring the administration

of blood products. In the American study [25], 2 patients worsened because of

increased intracerebral bleeding, which required surgery in one case.

Yamini et al. [28] described a patient with superior sagittal sinus thrombo-

sis plus both transverse and straight sinuses and extension in the internal cere-

bral veins. This patient was treated with a local infusion of rt-PA into the

superior sagittal sinus. The superior sagittal sinus was catheterized via a trans-

femoral route and then infused with 25 mg of rt-PA. No significant change in

the severity of the thrombosis was observed and being so, the catheter was left

in place and rt-PA was further infused at 1 mg/min for 19 h. At this point, an

angiography was repeated which evidenced thrombosis resolution [28]. The

authors sustained that a successfully completed lysis of the clot in the deep

venous system can be achieved when infusion is performed directly inside the

superior sagittal sinus [28]. Furthermore, the authors claimed that this result

was due to the diffusion of rt-PA throughout the intracranial venous system or

to the improved venous outflow caused by the clot lysis inside the superficial

dural sinus [28].

Since 1971, more than 100 cases of CVT treated with urokinase or rt-PA

have been reported on. We have brought together the main studies of CVT-

related thrombolysis procedures found in literature up to now (table 1).

Randomized Controlled Trials
To date there have been no randomized controlled trials (RCTs) on throm-

bolytic therapy and CVT.

Mechanical Thrombectomy

Case Series
One of the limits of thrombolysis treatment for CVT is that it is most often

complicated by hemorrhagic lesions. Thus, this fear that hemorrhagic stroke can

deteriorate due to thrombolysis treatment leads to the development of improved
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Table 1. Main studies of CVT-related thrombolysis procedures found in the literature (Wasay, modified)

First Patients Agent Pretreatment Exacerbation NA Outcome Major

author hemorrhage of hemorrhagic complication

component good poor death

Horowitz [12] 13 urokinase 4 0 1 11 1 retroperitoneal

bleed (n � 1)

Frey [25] 12 tPA 7 2 9 3 none

Kim [26] 9 tPA 1 0 9 retroperitoneal

bleed (n � 1)

Smith [23] 7 urokinase N/A 7 none

Tsai [37] 5 urokinase 0 4 1 none

Kasner [38] 3 urokinase 3 0 3 none

Barnwell [22] 3 urokinase N/A 2 none

Smith [23] 2 urokinase 1 0 3 none

Rael [39] 1 urokinase 1 0 1 none

Kermode [40] 1 streptokinase 0 1 none

Renowden [27] 1 tPA 0 1 none

Spearman [41] 2 urokinase 1 1 2 1 none

Crawford [42] 1 urokinase N/A N/A

Khoo [43] 1 urokinase 0 1 ICH

Gerszten [44] 1 urokinase 1 1 1 none

Griesemer [45] 1 urokinase 0 1 none

Eskridge [46] 1 urokinase 0 1 none

Manthous [47] 1 urokinase 0 1 none

Takami [48] 1 urokinase 0 1 none

D’Alise [49] 1 urokinase 0 1 none

Niwa [50] 1 tPA 0 1 none

Kuether [51] 1 urokinase 1 0 1 none
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Smadja [52] 1 urokinase 0 1 hematuria (n � 1)

Satake [53] 1 urokinase 0 N/A 1 N/A

Manzione [54] 1 urokinase 0 0 1 none

Chow [55] 2 urokinase � 2 1 2

reolysis

Gurley [56] 2 urokinase 0 0 2

Wasay [24] 20 urokinase 3 0 19 1 0 retroperitoneal

bleed � 1;

subdural

hemorrhage � 1
Yamini [28] 1 tPA NA 1

Total 97 20 6 1 7

Outcome was assessed by the 4-point ordinal scale of neuroscores: 0 � normal; 1 � mild (able to ambulate and communicate); 2 � moderate

(unable to ambulate, normal mentation); and 3 � severe (unable to ambulate, altered mentation).
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mechanical techniques that lower the risk of bleeding. One of these devices is the

rheolytic thrombectomy, which utilizes the Venturi effect which creates a nega-

tive pressure fragmenting and aspirating the cerebral venous thrombus. This

pneumatic thrombectomy catheter was designed to alleviate acute vascular

thrombosis; its catheter has both an inflow and outflow lumen. In fact, the inflow

lumen carries normal saline under high pressure (approximately 9,000 psi) to the

catheter nozzle at which point the flow reverses flow by 180�, and directs it back

to the outflow lumen. By directing input flow into the area around the outflow

lumen at a high speed (350–450 km/h), a negative pressure is created around the

incoming flow vortex until the outflow lumen. The low-pressure area that is cre-

ated by an adjacent high pressure is referred to as the Venturi effect. Three addi-

tional low-flow nozzles (25–40 km/h) from the input lumen are placed proximal

to the high-speed nozzle. These three nozzles are perpendicularly directed to the

catheter and create enough force to dislodge small portions of the thrombus and

optimize the vortex at the outflow lumen [29]. The combination of these differ-

ent pressures guarantees a successful removal of the thrombus from the artery or

vein and draining into the outflow lumen.

The rheolytic thrombectomy catheter has been evaluated in in vitro studies

and has shown to be minimally traumatic to vascular endothelium. Investigators

have demonstrated that the rheolytic thrombectomy catheter can reanalyze

saphrenous vein grafts and limb vessels that have been obstructed by diffused

atherosclerosis and intraluminal thrombus [30]. The rheolytic thrombectomy

catheter has also been used with success for angioscopic evaluations of coro-

nary vein grafts. Opatowsky et al. [29], reported on the first ever case of rapid

thrombectomy for extensive thrombus within the superior sagittal and trans-

verse sinuses using a rheolytic catheter device. This patient was initially treated

with a total of 750,000 U of urokinase infused over 90 min. During posttreat-

ment, the patient’s clinical status markedly worsened. Being so, the patient

underwent a further angiographic assessment. Despite the first endovascular

treatment, transvenous catheterization evidenced a complete rethrombosis of

the dural sinuses. Faced with this clinical reality, even in the lack of clinical evi-

dence, the decision was taken to perform a mechanical thrombectomy. With the

patient under general anesthesia, a rheolytic thrombectomy catheter (AngioJet

LF140; Possis Medical, Minneapolis, Minn., USA) was advanced over a 300-cm,

0.014-inch ACS Hi-Torque wire (Advanced Cardiovascular Systems, Temecula,

Calif., USA). Buckling of the introducer catheter within the right side of the

heart necessitated the introduction of a long 7F sheath (Cook Inc, Bloomington,

Ind., USA) through which a 7F Brite Tip catheter (Cordis Corp, Miami, Fla.,

USA) was advanced. The thrombectomy catheter was then reintroduced coaxi-

ally and used to treat the entire length of the superior sagittal sinus as well as the

bilateral transverse sinuses. This resulted in a markedly improved angiographic
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appearance of the superior sagittal sinus with minimal residual thrombus. The

right transverse sinus showed slow anterograde flow. Infusion of 450,000 U of

urokinase was then administered via a microcatheter throughout the sinus sys-

tem. The resulting venous images were quite satisfactory. A posttreatment CT

scan showed no evidence of complicating hemorrhage [29]. The same research

group reported on a case series of 5 patients with dural sinus thrombosis who

were all treated with a combination of pharmacological and mechanical throm-

bolysis using the 5-French AngioJet rheolytic catheter (Possis Medical) and

balloon catheters. All 5 patients demonstrated immediate improvement which

was confirmed on imaging studies or from neurological status. Three patients

required more than one intervention, and all but one went on to improve after

their final intervention. Two of the 5 patients continued to experience mild

residual neurological deficits, whereas 2 patients completely recovered. The 5th

patient had a delayed recurrence of thrombosis that required multiple interven-

tions, leading to significant neurological deficits. Navigation of the dural

sinuses was possible in all of the patients with a microcatheter and equally pos-

sible, to a variable degree, with a rheolytic catheter. Procedure complications

included two pseudoaneurysms at the femoral puncture site [29].

A 34-year-old female nonsmoker on oral contraceptives with a middle-ear

infection was treated by Scarrow et al. [31] for right transverse and sigmoid

sinus thromboses. A microcatheter (Tracker 18 MX, Target Therapeutics,

Freemont, Calif., USA) with its wire was placed into the thrombus. After much

difficulty in getting it through the length of the thrombus, a patent torcula was

reached. At this point, the microcatheter and base catheters were substituted for

a 7F guide catheter and a rheolytic thrombectomy catheter (CF105 AngioJet,

POSSIS Medical, Inc., Minneapolis, Minn., USA). The exchange wire was

positioned across the torcula in the opposite sigmoid sinus during the exchange.

The rheolytic thrombectomy catheter easily followed the 0.014-inch guide wire

even through the clot which had previously been extremely resistant. The rhe-

olytic thrombectomy catheter was then activated and slowly withdrawn at

1–2 mm/s. A retrograde venogram obtained via the base catheter showed some

patency within 5 min. Several more passes were made with the thrombectomy

catheter, advancing it back to the torcula and withdrawing it again. The final

venogram (obtained 17 min from mechanical disruption) showed excellent flow

despite residual thrombus. Thrombolytic infusion was not performed owing to

the good angiographic result and observed rapid clinical improvement.

Chahlavi et al. [32] presented two cases of direct dural sinus thrombosis

thrombectomy performed using a rheolytic catheter via a transcranial route.

These two patients had been neurologically deteriorating and the attempted

transfemoral catheter approach was unsuccessful. Being so, a mechanical

thrombectomy passing through a burr hole over the dural sinus (transcranial
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approach) was performed. With this approach, it was possible to bypass the tor-

tuous intracranial vascular anatomy with the large and rheolytic catheter [32].

Recently, Kirsch et al. [33] has published a retrospective review of a

prospective database. Here, the authors described 4 patients ranging in age from

28 to 67 years (3 female, 1 male) with CVT and rapidly deteriorating levels of

consciousness who underwent transfemoral intravenous rheolytic thrombec-

tomy utilizing AngioJet XMI and/or Xpeedior catheters (Possis Medical). All 4

patients had successful mechanical thrombectomy as evidenced by their blood

flow restorations. A normalization of angiographic transit time after thrombec-

tomy was evidenced in 3 of the 4 patients who also had a rapid neurological

improvement. The 4th patient died during the periprocedural period. No proce-

dural complications were reported in any of the patients.

Randomized Controlled Trials
To date, there have been no randomized controlled trials carried out on

mechanical thrombectomy in CVT.

Combinations of Pharmacological and Mechanical Treatments

Case Series
Dowd et al. [34] described the application of a rheolytic thrombectomy sys-

tem for the treatment of symptomatic dural sinus thrombosis in a 54-year-old

female with somnolence and left-sided weakness. A diagnosis of bilateral trans-

verse and superior sagittal sinus thrombosis was made and thus the patient was

treated with anticoagulant therapy. Eight days after presentation, following an ini-

tial period of improvement, the patient entered into coma and the left-side weak-

ness worsened into hemiplegia. After excluding intracerebral hemorrhage by

MRI, angiography and transfemoral venous thrombolysis with a hydrodynamic

thrombectomy catheter were performed. This was proceeded by intrasinus uroki-

nase thrombolytic therapy for 48 h, resulting in a complete clot thrombolysis lead-

ing to an almost complete neurologic recovery. Six months after treatment, the

patient had mild cognitive impairment and no focal neurologic deficits [34].

Curtin et al. [35] described a case of a 28-year-old female with bilateral anterior

parietal lobe cortical hemorrhages associated with thrombosis of the superior

sagittal sinus, both transverse and sigmoid sinuses, and multiple cortical veins

draining into the sagittal sinus. An 8F shuttle (Cook, Bloomington, Ind., USA)

90-cm sheath was inserted through the right femoral vein directing the catheter tip

slightly below the right jugular bulb. A 135-cm Turbo Tracker 18 catheter (Boston

Scientific, Natick, Mass., USA) and a 150-cm 0.018-inch Terumo gold Glidewire

were navigated into the superior sagittal sinus; gentle contrast injection showed



Interventional Neuroradiology in the Treatment of CVT 155

minimal venous outflow running anteriorly (retrograde to normal flow direction)

and extensive clot filling the superior sagittal sinus. A 135-cm 4F AngioJet

catheter (Possis Medical) was directed over a 0.14-inch ACS Hi-Torque

Extrasport 300-cm exchange wire (Advanced Cardiovascular Systems) into the

superior sagittal sinus. With the Possis rheolytic thrombectomy system engaged,

the AngioJet catheter was withdrawn towards the right jugular bulb and then

returned to the superior sagittal sinus. Venography performed via the AngioJet

catheter port showed improved patency of the superior sagittal and right trans-

verse sinuses, with slow antegrade flow, although considerable clotting remained.

The Tracker 18 catheter and 0.18-inch gold Glidewire were used to cross the mid-

line and to catheterize the thrombosed left transverse and sigmoid sinuses. The 4F

AngioJet catheter was positioned within the left sigmoid sinus near the left jugu-

lar bulb over the exchange wire, then withdrawn until the midline, and then once

again advanced performing rheolytic thrombectomy on both passes. A 120-cm,

5 � 20 mm Slalom angioplasty balloon (Cordis, Miami Lakes, Fla., USA) was

inflated to 3–4 atm in the mid to distal right transverse sinus, the area in which

most of the focal thrombotic stenosis still remained. There was no attempt to use

a balloon such as a ‘Fogarty’, to proximally remove the thrombus. A control

venography via the Tracker catheter in the superior sagittal sinus showed slow

antegrade flow and considerable thrombus still present within the superior sagit-

tal sinus and both transverse and both sigmoid sinuses. Continuous infusion

thrombolytic therapy was initiated with the Tracker tip inside the superior sagittal

sinus midportion at a velocity of 0.3 mg/h of r-TPA.

An example is given of thrombosis of the straight sinus, sinus rectus,

sinus transversus with cerebral hypertension (fig. 1) treated with thrombectomy

a b

Fig. 1. a Thrombosis of the straight sinus, sinus rectus, sinus transversus with cerebral

hypertension. b Delayed visualization of the right jugularis vein.
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followed by urokinase administration (1,200,000 UI) with catheterization of the

sinus rectus to the vein of Galen, sinus sagittalis and torcula (fig. 2).

Randomized Controlled Trials
Currently there are no data on RCTs regarding the combinations of

mechanical and pharmacological thrombectomy and CVT.

Efficacy and Safety of Interventional Neuroradiology

The interventional neuroradiology data presented in this chapter appear

very promising for their efficacy and feasibility for patients with CVT.

Even though more and more physicians are choosing to treat CVT patients

with local endovascular urokinase or rtPA, the benefit to risk ratio of these

treatments is still unknown. From what has been reported in the literature, local

thrombolysis is believed to better restore venous blood flow than heparin alone.

This is so, even in the absence of clear evidence from randomized trials that

clinical outcome is superior. Furthermore, in theory, hemorrhagic risk is higher

in thrombolysis compared to heparin, especially when a pretreatment hemor-

rhage is already present.

Thrombolysis is also used when the patient’s condition worsens des-

pite heparin and symptomatic treatment. The most frequently described cause

of worsening is inadequate anticoagulation. Clinical deterioration due to

a b

Fig. 2. Thrombectomy followed by urokinase administration (1,200,000 UI). Cathete-

rization of the sinus rectus to the vein of Galen, sinus sagittalis and torcula (a) and mechanical

thromboaspiration (b).
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thrombosis progression in properly anticoagulated patients is rarely observed.

When it is observed, a thrombolytic treatment should be considered as a valid

option [36].

To understand the true efficacy of thrombolytic treatment, publication

selection bias must be taken into account. The authors here hold that the best

way to fully understand the benefits related to interventional neuroradiological

treatment would be to design a randomized trial comparing this treatment with

heparin for CVT.

Proposals for the Use of Interventional Neuroradiology

Are There Cases Where Interventional Neuroradiology Can Be Used
without RCTs?
In the absence of RCTs showing any benefit of interventional radiology

over intravenous heparin therapy, it cannot be recommended to use interven-

tional radiological techniques in CVT patients who have a good chance to sur-

vive without sequelae, i.e. those with normal consciousness, no cerebral

hemorrhage or infarct, no sign of encephalopathy, isolated intracranial hyper-

tension or headache, no focal deficit [3–9, 11, 13–18]. Those who seem to be

the most appropriate candidates for interventional radiology are therefore

those who worsen despite heparin or are in a too poor status to wait for the

effect of heparin. Those patients are those who (a) have predictors of poor out-

come such as coma (not related to seizures), or occlusions of several sinuses or

veins, and (b) those who worsen despite a properly administered and moni-

tored anticoagulation by heparin, in the absence of other explanation (espe-

cially seizures).

Need for a Clinical Randomized Trial
The question whether 1st line interventional radiology is more effective or

safer than heparin therapy even in patients who can be treated by heparin can

only be answered by RCTs. The is no reason to recommend interventional radi-

ology in these patients who are likely to have a good outcome unless proven

superior in a trial.
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Abstract
Thrombosis of the dural sinus and encephalic veins (CVT) is an infrequent condition

accounting for less than 1% of all strokes. Several recent prospective series, in particular the

large International Study on Cerebral Vein and Dural Sinus Thrombosis cohort, definitely

have shown a more benign prognosis compared with that of arterial strokes: CVT has an

acute case fatality of less than 5%, and almost 80% of patients recover without sequelae.

However, patients surviving the acute phase of CVT are at risk of a number of complications

such as recurrence of any thrombotic events in about 7%, recurrence of CVT in about

2–12%, seizures in 5 to 32%, visual loss due to optic atrophy in percentages that range from

less than 1 to 5%, presence of dural fistula (there are no data available about exact frequency)

and neuropsychological and neuropsychiatric sequelae characterized by aphasia, abulia and

depression. However, there is only little information on the long-term neuropsychological

outcome. Studies investigating professional status, cognitive performance, depressive

symptoms and quality of life evidenced depression and anxiety in 2/3 of CVT patients

despite an apparent good recovery in 87% of these patients. Thus, patients should be encour-

aged to return to previous occupations and hobbies and reassured about the very low risk of

recurrence.

Copyright © 2008 S. Karger AG, Basel

Complications of Cerebral Venous Thrombosis

Thrombosis of the dural sinus and encephalic veins (CVT) is an infrequent

condition accounting for less than 1% of all strokes. It can occur at any age, and

predominantly afflicts females and younger patients compared with other types

of strokes [1].

Several recent prospective series, in particular the large International Study

on Cerebral Vein and Dural Sinus Thrombosis (ISCVT) cohort [2–7], have defi-

nitely shown a more benign prognosis compared with that of arterial strokes:
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CVT has an acute case fatality of less than 5%, and almost 80% of patients

recover without sequelae. Despite the overall favorable prognosis, patients sur-

viving the acute phase of CVT are at risk of a number of complications.

Recurrence of Thrombotic Events

Patients suffering a CVT are likely to be at increased risk of having further

thrombotic events. Venous thrombosis may recur in cerebral veins and dural

sinus or may arise in different sites of the body. These complications were

addressed in a few prospective studies collecting patients with CVT (table 1).

Overall, during the follow-up about 7% of patients have any types of recurrent

thrombosis [2, 5]. The risk may be increased in patients with a prothrombotic

condition and the majority of recurrent events appear to occur during the 1st

year after CVT [8, 9].

Table 1. Frequency of thrombotic recurrent events after dural sinus thrombosis (CVT)

Study Patients with Length of follow-up CVT Other thrombotic

follow-up events

Prospective
ISCVT [2] 597 median 16 months 14 (2.3) 27 (4.5)

mean 18.6 � 11 months

VENOPORT1 [5] 84 median 12 months 0 5 (6)

mean 12 � 7 months

Breteau et al. [6] 48 median 36 (12–60) 0 3 (5.5)

months

Baumgartner et al. [10] 33 12 months 0 0

Rondepierre et al. [3] 18 6–30 months 0 1 (5.5)

Retrospective
Gosk-Bierska et al. [9] 154 mean 36 � 47 months 10 (6.5) 11 (7)

Preter et al. [8] 77 median 63 months 9 (11.7) 11 (14.3)

mean 77.8 months

Masuhr et al. [11] NK 10 years 5 (6) NK

Maqueda and 54 median 2.4 years 1 (1.9) 8 (14.8)

Thijs [12] mean 3.5 years

NK � Not known. Figures in parentheses indicate percentages.
1Prospective part of the study.
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Recurrence of Cerebral Venous Thrombosis

The actual risk of CVT recurrence is very low. A few patients develop

new signs or symptoms during the follow-up of CVT. To be sure that those

symptoms are due to recurrent CVT, it has to be shown that new filling defects

in veins or dural sinus observed on MRI/MRA were not evident in previous

studies. For this purpose, it is crucial to have an MRI/MRA performed

some months after the acute CVT phase, when recanalization has already

occurred [10].

In the ISCVT study [2], recurrent sinus thrombosis was documented in 14

patients (2.3%), and none was reported in several prospective series [3, 6, 10]

(table 1).

The frequency of CVT recurrence in retrospective studies varied from 2 to

12% [8, 9, 11, 12] (table 1). Gosk-Bierska et al. [9] described an even rate of

recurrent CVT of 2.2/100 patient-years.

Influence of Recanalization on CVT Recurrence

Although is possible that incomplete or nonrecanalization of sinus after

CVT could be a factor predisposing to CVT recurrence, the role of recanaliza-

tion in further thrombotic events is unknown. Few studies analyzed dural sinus

or venous recanalization after CVT [7, 10, 13–15], either to assess the time when

recanalization of the dural sinus occurs after CVT [10], or the influence of sinus

recanalization on the outcome of CVT [13]. Data on recurrent CVT were not

reported in other studies addressing the topic of recanalization [14, 15].

Recurrence of Other Thrombotic Events

The frequency of thrombotic events other than CVT was reported in prospec-

tive studies (table 1). In the ISCVT [2], 4.5% of patients had recurrent thrombosis,

more frequently in the peripheral venous system (limb or pelvic veins in 16

patients, pulmonary embolism in 3 patients) than in the arterial system (8 patients).

In the prospective series of the VENOPORT study [5], recurrent thrombosis was

also more frequent in veins (2 deep venous thrombosis, 1 pulmonary embolism).

Data from retrospective studies indicate a frequency between 7 and 14.8%

of thrombotic events involving venous system (deep venous system, retinal

vein, pulmonary thromboembolism, mesenteric vein) more often than arterial

system [8, 9, 12]. Gosk-Bierska et al. [9] series estimated an event rate of recur-

rent events of 2.8/100 patient-years.
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Due to the risk of thrombosis recurrence, it is recommended to continue

oral anticoagulation after the acute phase for 6–12 months. The optimal dura-

tion of anticoagulation is unknown, and should be based on individual heredi-

tary and precipitating factors. Long-term treatment should be considered for

patients with a severe thrombophilia with high risk of recurrence, such as

antithrombin deficiency, homozygous factor V Leiden mutation, or two or more

thrombophilic conditions [16]. Indefinite anticoagulation is also considered in

patients with two or more episodes of idiopathic documented extracerebral

thrombosis [17].

Headache

Headache is the most frequent symptom in CVT, occurring isolated or with

other symptoms or signs and reported in more than 80% of the patients [2].

Headache is also one of the most common complaints during the follow-up

of CVT patients distressing about half of the patients [5, 6]. More frequently

headache is benign, of migraine or tension type. In the Lille study, 53% of

patients had residual headache, 29% fulfilled criteria for migraine and 27%

were of tension type. In the VENOPORT, 55% of patients reported headaches

during the follow-up, being mild to moderate in 45%.

Nevertheless, in some cases headache is very severe or prolonged. Severe

headaches requiring bed rest or hospital admission were reported in 14% of

patients in the ISCVT [2] and 11% in the VENOPORT [5]. Sometimes, it is

mandatory to exclude recurrent CVT, by MRI/MRA. Occasionally MRV may

depict stenosis of a previously occluded sinus but its clinical significance is still

unclear.

The frequency or type of headaches during the follow-up may differ

according to the initial clinical presentation syndrome of CVT. In the ISCVT

study, patients with the isolated intracranial hypertension syndrome had more

frequently severe headache during the follow-up compared with patients with

other presentation syndromes (21 vs. 13%, p � 0.019) [18]. In a series of 17

patients presenting with headache as the only neurological sign of CVT, several

patients had headaches at 3 months: migraine attacks similar to previous ones

(4), tension type (2), and new onset of migraine with aura (2) [19].

In summary, the majority of headaches after CVT are benign. MRI/MRA

is necessary in some cases to exclude the rare case of recurrent CVT. If

headache persists and MRI is normal, a lumbar puncture may be needed to

exclude elevated intracranial pressure (fig. 1). Repeated lumbar punctures, a

lumbar-peritoneal shunt or stenting of a sinus stenosis are possible therapeutic

options for persistent intracranial hypertension.
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Seizures

Focal or generalized poststroke seizures can be divided into early or

remote [20]. The most used criteria for subdividing symptomatic seizures in

CVT is considering remote seizures – those occurring [21, 22] more than 2

weeks after the confirmation of CVT diagnosis.

In a published case series, the percent of patients experiencing remote

seizures ranged from 5 to 32%. In the series by Preter et al. [8], all remote

seizures occurred in the 1st year of follow-up and were seen only in patients

with seizures in the acute phase or with focal deficits. In the VENOPORT study

[21], remote seizures occurred in 9.5% of the patients. Half of these patients

had multiple seizures. Remote seizures were more frequent if the patient had

seizures in the acute phase or had a hemorrhagic parenchymal lesion. All

seizures occurred in the 1st year of follow-up. In ISCVT [2], 67 patients

(10.7%) experienced remote seizures: 36 until the 6th month of follow-up, 55

until the 1 year, and 66 until the 2nd year. Risk factors for remote seizures were

Recurrent
CVT

Dural sinus
stenosis

Headache
after CVT

Tension-type
migraine

Intracranial
hypertension

features

Thunderclap
headache

Headache
refractory to

treatment

MRI/MRA
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and measurement of

CSF pressure

No change
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examination

Fig. 1. Clinical assessment of headaches occurring after CVT.
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hemorrhagic lesion on admission CT/MR (HR � 2.62), early seizure (at pre-

sentation or �15 days after the diagnosis of CVT; HR � 2.42) and paresis

(HR � 2.22). Twenty-nine patients (4.6%) had post-CVT epilepsy (more than

one remote seizure). Post-CVT epilepsy was also associated with hemorrhagic

lesion on admission CT/MR (OR � 6.76), early seizure (OR � 3.99) and pare-

sis (OR � 2.75) [23].

The EFNS guidelines indicate as good practice points that prophy-

lactic antiepileptic drugs (AEDs) may be a therapeutical option in patients

with focal neurological deficits and focal parenchymal lesion on admission

CT/MR [16].

The new information provided by the analysis of the ISCVT cohort [22,

23] enables a refinement of EFNS current recommendations. We recommend

starting AEDs in any patient that presents with seizure or suffers an early or

remote seizure. This indication is stronger in patients with supratentorial

lesions, in particular if hemorrhagic. In addition, it is an acceptable option to

prescribe AEDs for patients with a supratentorial hemorrhagic lesion or a motor

defect but no seizure.

The optimal duration of AED treatment is unknown, but in general it is

considered to be at least 1 year. General recommendations for the selection and

withdrawal of AEDs can be used as options.

Visual Loss

Visual loss is not a frequent symptom in the acute phase of CVT, although

as much as 30% of patients may have papilledema [2]. Severe papilledema can

cause transient visual impairments, and if prolonged and left untreated optic

atrophy and even blindness may ensue. Visual loss is often insidious, with pro-

gressive constriction of the visual fields and relative sparing of central visual

acuity.

As many as 42 (6.7%) patients had visual complaints during the follow-up

in the ISCVT study [2], most often subjective and not quantified by optometric

or campimetric evaluation. Only 4 (�1%), had severe visual loss. In the

prospective series of the VENOPORT [5] study, 7 patients (8%) had decreased

visual acuity, severe in 1 patient (1%). This complication was also rare in the

study by Preter et al. [8], where 2 patients (2.6%) were left with blindness due

to optic atrophy. In the Lille study, 3 patients (5.5%) had visual field defects and

2 (3.6%) had a decreased visual acuity due to optic nerve atrophy [6]. Biousse

et al. [24] systematically examined 59 out of 160 CVT consecutive patients

with the isolated intracranial hypertension syndrome: 3 (5%) developed optic

atrophy with severe visual loss.



Complications of Cerebral Vein and Sinus Thrombosis 167

Although a rare complication, visual loss should be investigated, actively

prevented and treated. Patients with papilledema or visual complaints should

have a complete study, including visual acuity and formal visual field testing.

Increased intracranial pressure must be rapidly ruled out and treated. If vision

continues to deteriorate despite acetazolamide and repeated lumbar punctures,

a surgical treatment should be considered such as lumboperitoneal shunt or

optic nerve sheath fenestration [16].

Dural Arteriovenous Fistula

Thrombosis of the cavernous, lateral or sagittal sinus can later induce a

dural arteriovenous fistula [25]. A pial fistula can also follow a cortical vein

thrombosis [26]. The relationship between the two entities is rather complex

because: (1) dural fistulae can be a late complication of persistent dural sinus

occlusion with increased venous pressure, (2) the fistula can close and cure if the

sinus recanalizes, (3) a pre-existing fistula can be the underlying cause of CVT.

The exact frequency of dural fistula after CVT is not known, because there

are no cohort studies with long-term angiographic investigation. Only 1 patient

out of 51 with lateral sinus thrombosis in the study by Preter et al. [8] and 1 out

of 91 patients with CVT in the VENOPORT cohort [5] developed a dural fistula.

On the other hand, in 1 out of 10 cases reported by Enevoldson and Russell

[27], in 3 out of 51 patients with lateral sinus thrombosis included in the series

by Preter et al. [8], and in 10 out of 624 in the ISCVT cohort [2] a pre-existing

dural fistula was identified.

Neuropsychological and Neuropsychiatric Sequelae

There is little information on the long-term neuropsychological and neu-

ropsychiatric outcome in CVT survivors. Madureira et al. [28] investigated pro-

fessional status, cognitive performance, depressive symptoms and quality of life

in 15 consecutive CVT patients 12 months from onset. Forty-seven percent fully

regained their previous occupation, 33% changed to part-time work, while 20%

retired. Only 2 patients demonstrated neuropsychological impairment. Both had

a low score on the Mini-Mental State Examination. One of them was aphasic and

the other had verbal memory and verbal fluency impairment. Twenty-seven per-

cent scored �12 points in the Hamilton Depression Rating Scale. Concerning

quality of life, as measured by the Euroquol, half of the survivors of CVT com-

plained of pain and 2/3 felt anxious or depressed, despite the apparent general

health good recovery (87% of the sample) (fig. 2). Buccino et al. [29] studied 34
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CVT patients at least 1 year after the acute event (median 3.5 years) and found

only 3 cases of mild nonfluent aphasia, working memory deficits in 6 patients

and depression of mood in 6 subjects. De Bruijn et al. [30] studied functional

outcome, cognitive performance and change in employment status in 59 patients

1 year or more after enrolment in the Dutch-European CVT trial. Twenty percent

scored below the 10th percentile in the memory domain, 28% in language, 28%

in constructional ability and 33% in visual/spatial orientation/planning. Forty

percent could not resume their previous level of economic activity. The discrep-

ancies between de Bruijn et al. [30] and the other two series may be partly

explained by the Dutch series being biased towards more severe cases.

Abulia, executive deficits and amnesia, may result from thrombosis of the

deep venous system, causing bilateral panthalamic infarcts. Recovery is vari-

able, but memory deficits, behavioral problems or executive deficits may per-

sist [31, 32].

Aphasia, in general of the fluent type, results from left lateral sinus throm-

bosis with temporal infarct or hemorrhage. Recovery is usually favorable but

minor troubles in spontaneous speech and naming may pose important limita-

tions in social interaction and in performing service or intellectual jobs.
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Fig. 2. Quality of life (Euroquol) in dural sinus thrombosis survivors [28].
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Patients should be reassured about the very low of risk of recurrence of

CVT and encouraged to return to previous occupations and hobbies. In some

cases antidepressants may be needed.

Future Pregnancies

Pregnancy and in particular puerperium are known risk factors for CVT.

Six studies investigated the outcome and complications of pregnancy in women

who suffered CVT [2, 8, 5, 33–35], with a total of 855 women under observa-

tion, of whom 83 became pregnant (101 pregnancies) after their CVT (table 2).

These studies found that the risk of complications during future pregnancies

was low. In fact, 88% of the pregnancies ended in a normal birth, the remaining

being prematurely terminated by voluntary or by spontaneous abortion. There

were only 1 case of recurrent CVT and 2 cases of deep venous thrombosis. A

high proportion of spontaneous abortion was, however, noticed.

Based on the available evidence, CVT is not a contraindication for future

pregnancies. The same applies for pregnancy/puerperium-related CVT.

Antithrombotic prophylaxis during pregnancy is probably unnecessary, unless a

prothrombotic condition or a previous thromboembolism has been identified.
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Abstract
In recent reports, cerebral vein and sinus thrombosis has had a better long-term progno-

sis than previously thought. However, there may be long-term problems that have not attracted

enough attention. The aim of this chapter is to examine the literature for studies reporting

long-term prognosis and outcome after cerebral vein and sinus thrombosis. The long-term

prognosis after cerebral vein and sinus thrombosis mainly depends on underlying diseases,

e.g. cancer. If no serious underlying disease is present, the long-term prognosis is generally

good. However, death, impaired functional outcome, headache, epileptic seizures, cognitive

impairment and recurrent thrombosis occur in some patients. Although the general long-term

prognosis after cerebral vein and sinus thrombosis is good, the practicing clinician handling

these patients should be aware of certain complications that are not uncommon. Follow-up of

these patients is important, even if they initially seem to have recovered completely.

Copyright © 2008 S. Karger AG, Basel

In recent reports, cerebral vein and sinus thrombosis (CVT) has had a

better prognosis than previously thought [1, 2]. However, there are several

threats for the patients who have suffered from a CVT (table 1). The underlying

disease may be serious and this may in itself cause death or impairment for the

patient. There is a risk of recurrence of a new venous thrombotic event. There is

also the risk of permanent neurological deficits due to parenchymatous lesions

associated with the initial thrombosis. Increased intracranial pressure and the

thrombosis may lead to compromised venous flow and impaired circulation of

cerebrospinal fluid (CSF). Cognitive function impairment may have been

underestimated in the past with biased focus on the modified Rankin Scale

(mRS) and insufficient assessment of neuropsychological function. The natural

history of cerebral vein thrombosis has recently been reviewed [3], as well as

prognostic indicators in CVT [4]. This chapter focuses on these questions from
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a long-term prognostic perspective. In this chapter, long-term is defined as

1 year or more after diagnosis of CVT.

Survival

Even though it was previously thought that CVT was often leading to

death, it was suggested already in 1953 that without additional morbid factors,

many patients with intracranial venous thrombosis may be capable of recovery

[2]. There are several studies of long-term survival after CVT (table 2).

However, only four of these studies contain more than 100 patients, and the

International Study on Cerebral Vein and Dural Sinus Thrombosis (ISCVT) is

by far the largest study [5]. The majority of deaths after CVT occur during the

first days and months after onset of the disease [5–7]. In the ISCVT, 4.3% were

Table 1. Problems that patients may develop during long-term follow-up of CVT

Problem Proportion1, % Comment

Death 1.52 Related to cancer and focal

deficit at onset

New thrombotic events 133 Both CVT and DVT may occur

Epileptic seizures 5–16 Almost only among patients with

seizures in acute phase

Focal neurological deficits 12–18 Paresis, visual impairment and

other

Headache 0–60 Probably rather common after CVT

Incomplete recanalization 6–59 Additional recanalization 

uncommon after first 3–6 months

after CVT onset

Compromised CSF hydrodynamics 100 One study, clinical significance

unknown at present

Dural arteriovenous fistulas 1–3 May develop simultaneously or

later in relation to CVT

Cognitive impairment 17–35 Higher proportions in studies with

detailed examination

CVT � Cerebral vein and sinus thrombosis; DVT � deep vein thrombosis other than

cerebral.
1After approximately 1 year or more (deaths, focal deficits, etc. only during acute phase

not included).
2Between 6 and 16 months after onset of CVT.
3Also includes events within 1 year after onset of CVT.
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dead at discharge, 6.8% after 6 months and 8.3% at last follow-up (which took

place after a median of 16 months in that report) [5]. Death after the acute phase

may often be caused by underlying serious disease, e.g. cancer [8]. Focal

deficits and cancer in the acute phase are independent predictors of dependence

or death at 3 years [8]. However, even though most patients with CVT survive,

no less than 3/4 of these survivors have been reported to have some residual

symptoms [8]. The prognosis after CVT during pregnancy and puerperium is

probably better than after CVT from other causes [4]. Information about CVT

in children is scarce but in one study, only 1 of 13 surviving children with CVT

died between 1 and 3 years after onset and this death was related to cancer [9].

In summary, if the patient survives during the first months after CVT onset, the

risk of subsequent death is small.

Functional Outcome

The survivors after CVT often have a good functional outcome when

assessed with the mRS [10]. In the large ISCVT study, at a median follow-up of

16 months, no less than 79% of the initial 624 patients had an mRS of 0 or 1, indi-

cating no or only minor residual symptoms [5]. Multivariate predictors of depen-

dence (mRS 3–5) or death at follow-up were: age above 37 years, male sex, coma,

mental status disorder, hemorrhage on admission CT scan, thrombosis of the

Table 2. Studies with at least 20 patients regarding long-term survival after CVT

Study Patients Median follow-up Survival rate, %

Appenzeller et al. [13] 24 46 months1 100

Baumgartner et al. [14] 33 12 months 100

Breteau et al. [8] 55 36 months 87

Buccino et al. [10] 38 3.5 years 97

de Bruijn et al. [21] 57 18 months 86

Ferro et al. [6] 142 22 months1 92

Ferro et al. [5] 624 16 months 92

Gosk-Bierska [15] 154 36 months1 92

Mehraein et al. [16] 115 10.2 years 74

Preter et al. [7] 77 63 months 1002

Stolz et al. [11] 79 31 months 82

1Indicates mean instead of median value.
2Deaths during acute phase not included.
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deep cerebral venous system, CNS infection and cancer [5]. Stolz et al. [11]

found that 50 of 56 (89%) survivors after a median follow-up of 31 months had an

mRS score of 0 or 1. Buccino et al. [10] reported that none of their 34 surviving

patients examined at a median of 3.5 years after CVT onset had functional dis-

ability when examined with the mRS. However, in spite of this, several of their

patients had cognitive problems or indications of depression [10]. Although the

prognosis may be more serious after thrombosis of the deep cerebral venous sys-

tem [5], even patients with isolated deep cerebral venous thrombosis with

decreased consciousness may sometimes have an excellent outcome [12].

Permanent Neurological Deficits and Headache

Focal neurological deficit has been reported in 12–18% of patients at long-

term follow-up after CVT [8, 13, 14]. This includes motor deficits, visual field

defects and aphasia [8, 14]. Visual field defects have been observed in 10% of

survivors [8]. Permanent optic atrophy may be present because of increased

intracranial pressure in the acute phase and cause impaired vision [7]. In several

reports, headache is also a common problem after CVT and has been reported

in 25% [13] and up to 60% of survivors [8], although much lower proportions

have also been reported [14].

Epileptic Seizures

Epileptic seizures are not uncommon after the acute phase of CVT and have

been reported in 5–16% of long-term survivors [4, 7, 11]. Epileptic seizures in

the chronic phase after CVT mainly occur among patients who already had

seizures in the acute phase [4]. Therefore, antiepileptic drug therapy can in the

first place be reserved for patients with seizures during the acute phase of CVT

[see the chapter by Ferro and Canhão, this vol., pp. 161–171].

New Thrombotic Events

It has been reported that the risk of recurrent venous thrombotic events for

patients with CVT is similar to that of patients with lower extremity deep vein

thrombosis (DVT) [15]. In this study, the proportion of CVT patients with a

recurrent cerebral venous thrombosis was 6.5% after a mean follow-up of 36

months [15]. However, the recurrent venous thrombosis in CVT patients may

not only occur in the cerebral venous system but also in other locations, e.g. in
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the lower extremities. Most recurrences seem to occur within the 1st year [7,

15]. In one study of 154 patients, the authors did not find variables significantly

associated with recurrent venous thrombosis in their patients [15] [see the chap-

ter by Ferro and Canhão, this vol., pp. 161–171].

The risk of recurrent CVT during subsequent pregnancy and puerperium

seems to be very low [7]. In one study of 39 women with initial sinus thrombo-

sis during childbearing age, during a mean follow-up of 10 years, the authors

observed 22 pregnancies in 14 women without recurrence of CVT or DVT [16].

In the ISCVT study, only one CVT and two DVTs were observed during subse-

quent pregnancies in 34 women [5]. The teratogenic risk of warfarin has to be

borne in mind, and if anticoagulation treatment is indicated during pregnancy,

treatment with low-molecular heparin drugs should instead be considered [see

the chapter by Ferro and Canhão, this vol., pp. 163–171].

Dural Arteriovenous Fistulas

CVT has been reported in 39% of patients with dural arteriovenous fistulas

(DAFs) [17]. CVT and DAFs may develop simultaneously in the acute phase in

the same patient or DAFs may develop later after a CVT. One possible reason

for the association between CVT and DAFs is that the increased venous pres-

sure in CVT may cause an opening of the arteriovenous shunts between

meningeal arteries and the dural venous sinuses with a subsequent development

of a fistule [17]. The proportion of CVT patients that develop DAFs is probably

low [7, 11] but a DAF should be considered if a patient with CVT has signs of

hemorrhage or infarct in the brain parenchyma, seizures or altered mental sta-

tus. MR imaging and MR angiography may be used to assess DAFs [18] [see

the chapter by Ferro and Canhão, this vol., pp. 161–171].

Recanalization and Impaired CSF Circulation

Recanalization of the thrombosed cerebral venous system seems to mostly

occur during the first 4 months after CVT onset but to be rare thereafter [14].

The superior sagittal sinus had the highest rate of recanalization (94%) and the

sigmoid sinus the lowest (41%) in one study [14]. In one study, recanalization

did not influence outcome at 12 months, and it was suggested that frequent

examinations to determine recanalization may not be useful to determine

patient outcome [19]. It has been shown that patients with previous superior

sagittal sinus thrombosis may have compromised CSF hydrodynamics during a

long time after the acute phase of CVT [20]. Kristensen et al. [20] showed that
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all of their 10 patients examined after a mean of 5.8 years after superior sagittal

sinus thrombosis had such changes with persistently raised CSF pressure

mainly due to raised pressure in the sagittal sinus, even though a clinical impact

of this was not observed [20]. The authors suggested that the changed CSF

hydrodynamics was probably most often caused by increased CSF pressure

rather than obstructed resorption of CSF [20].

Cognitive Impairment

Even though the survival rate is good and most patients with CVT have no

or only minor dependency when assessed with the mRS, there seems to be a

considerable proportion of patients with cognitive impairment following CVT.

In a more detailed examination of cognitive function after CVT, de Bruijn et al.

[21] reported that 35% of their patients had cognitive impairment and that 40%

had symptoms leading to restrictions in lifestyle when assessed after a mean

time of 18.5 months after inclusion in their study. Another study reported cog-

nitive dysfunction in 17% of the patients after a mean follow-up of 46 months

[13]. Deficits in working memory and depression may also occur after CVT

[10]. The ‘hidden’ complication of cognitive impairment is probably at risk of

being greatly underestimated with the mRS examination. Therefore, cognitive

function has to be specifically assessed in all patients after a CVT [see the

chapter by Ferro and Canhão, this vol., pp. 161–171].

Conclusions

The long-term prognosis after cerebral vein and sinus thrombosis is gener-

ally very good. The survival rate after the acute phase of CVT has been passed

is high but some patients encounter remaining problems. These include focal

neurological deficits, headache, epileptic seizures, cognitive impairment and

depression. It is therefore important to follow up these patients even if they ini-

tially seem to have recovered completely.
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Meningeal veins, anatomy 9, 10

Midazolam, cerebral venous sinus

thrombosis symptom management 138

Multiple sclerosis, cerebral venous sinus

thrombosis risks 40, 41

Nephrotic syndrome, cerebral venous sinus

thrombosis risks 20, 32, 33

Neuropsychological impairment, sequelae

167–169, 177

Oral contraceptives, cerebral venous sinus

thrombosis risks 18, 26

Phenytoin, cerebral venous sinus

thrombosis symptom management 137

Posterior fossa veins

angiographic anatomy 14, 15

galenic group 14

petrosal group 14

tentorial group 14

Pregnancy

cerebral venous sinus thrombosis risks

19, 20, 27, 28

outcomes 169

thrombophilia 64, 65

Protein C deficiency

cerebral venous sinus thrombosis risks 60

management 136

Protein S deficiency

cerebral venous sinus thrombosis 

risks 60

management 136
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Prothrombin mutation

cerebral venous sinus thrombosis risks

61

management 136

Recanalization, cerebral venous thrombosis

recurrence effects 163, 176, 177

Recurrence

cerebral venous thrombosis

recanalization effects 163

recurrence risks 163, 176, 177

thrombotic events following cerebral

venous thrombosis 162–164, 175,

176

Risk factors, cerebral venous sinus

thrombosis

acquired prothrombotic states 32, 33

arterial risk factors 41, 42

cancer 31

classification 24, 25

diabetes 35

drugs 35–37

hematological disease 35

hormones 26–28

infection 29, 30

inflammatory disease 33, 34

mechanical precipitants 28, 29

neurological disorders 40, 41

overview 24

pediatric and neonatal risk factors

37–40

thyroid disease 34

Sarcoidosis, cerebral venous sinus

thrombosis risks 34

Seizure

management 139

sequelae 165, 166, 175

Septic cerebral venous sinus thrombosis,

management 140, 141

Signs, see Clinical presentation, cerebral

venous sinus thrombosis

Spontaneous intracranial hypotension,

cerebral venous sinus thrombosis 

risks 41

Superficial supratentorial cortical veins

anatomy 5, 6

angiographic anatomy 6, 7

Survival, cerebral venous sinus thrombosis

173, 174

Symptoms, see Clinical presentation,

cerebral venous sinus thrombosis

Tamoxifen, cerebral venous sinus

thrombosis risks 36

Thalidomide, cerebral venous sinus

thrombosis risks 37

Thrombectomy, see Interventional

neuroradiology, cerebral venous

thrombosis

Thrombolytic therapy, cerebral venous sinus

thrombosis management 133, 134,

146–151

Thrombophilia

acquired 56

cerebral venous thrombosis risks

antiphospholipid antibody 

syndrome 62

genetic thrombophilias 60–62

mixed thrombophilia 62, 63

multiple risk factors 63–65

congenital 56

laboratory testing 66–72

Thyroid disease, cerebral venous sinus

thrombosis risks 34

Tramadol, cerebral venous sinus thrombosis

symptom management 138

Transcranial color-coded duplex

sonography (TCCS), examination

technique 114

Transcranial Doppler (TCD), cerebral

venous sinus thrombosis findings

110, 113

Triflupromazine, cerebral venous sinus

thrombosis symptom management

138

Ultrasonography

acute cerebral venous sinus thrombosis

applications 115–117

direct criteria 117

follow-up 119

functional venous examinations 119

indirect criteria 117

normal values and reproducibility 114,

115
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transcranial color-coded duplex

sonography 114

transcranial Doppler 110, 113

venous examination technique 112, 113

Vasculitis, cerebral venous sinus thrombosis

risks 33, 34

Venous anatomy, see Cerebral venous

system

Venous ultrasonography, see
Ultrasonography

Vision loss, sequelae 166, 167, 175

Warfarin, cerebral venous sinus thrombosis

management 135–137

Ultrasonography (continued)
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