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It is not so much that I have confidence in scientists being right, 

but that I have so much confidence in non-scientists being wrong
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Historical perspective

Cerebral venous thrombosis (CVT), also known as cerebral venous and sinus 

thrombosis or dural sinus thrombosis, is considered both a distinct type of 

stroke (by neurologists) and a special kind of thrombosis (by internists). In 

their classic monograph on CVT, Kalbag and Woolf describe their search for 

the first report of CVT in the literature.1 Giovanni Battista Morgagni, an 18th 

century Italian anatomist and pathologist, did study the cerebral sinuses, but 

it is uncertain if he differentiated between ante- and post-mortem thrombosis. 

Kalbag and Woolf attribute the first definite description of CVT to the French 

physician Ribes, who, in 1825, described a patient with severe headache and 

epilepsy due to thrombosis of the superior sagittal and lateral sinuses.2 The first 

case of puerperal CVT dates back to 1828, when John Abercrombie, physician 

to King George IV, published a detailed report of a 24 year old woman who 

developed headaches and seizures two weeks after an otherwise unremarkable 

delivery. She died of a status epilepticus after a short sickbed (despite treatment 

with repeated bloodletting). Post-mortal examination of the brain showed 

thrombosis of the superior sagittal sinus and cortical veins. Abercrombie also 

appears to be the first to have recognized that cerebral venous thrombosis may 

be accompanied by subarachnoid hemorrhage.3 

In the following decades many clinical studies on CVT were published, mostly 

case reports or small case series, apart from an occasional review of the literature.4 

A paper by Ducrest, published in 1847, deserves mentioning because he seems 

to be the first to differentiate between thrombosis of the cerebral veins with 

or without thrombosis of the cerebral sinuses.5 The latter form is now usually 

termed isolated cortical vein thrombosis. In the second half of the 20th century, 

larger single center studies were published, which provided a broader insight 

into the variable clinical manifestations and risk factors associated with CVT. Of 

note are the series by Krayenbuhl6, Huhn7, Bansal8, Bousser9, 10, and the previously 

mentioned series by Kalbag and Woolf.1 Multi-center studies with data of more 

than 100 patients have been published in the last 25 years, the largest of which 

are the ‘international study on cerebral vein and dural sinus thrombosis’ (ISCVT, 

624 patients)11 and an Indian (612 patients)12 and Italian (706 patients)13 registry.
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Epidemiology and risk factors

The first estimations of the incidence of CVT were based on autopsy series.14 

Based on an estimated mortality rate of 20-50% at that time, extrapolation of 

these values gave an incidence of about 0.1 to 0.2 cases per 100.000. If pediatric 

cases are excluded, this estimate decreases to 0.05-0.1 per 100.000. Recently 

performed population based studies provided a more than 10-fold higher 

estimate of the incidence among adults (1.2-1.3 per 100.000).15, 16 This increase 

in incidence is most likely explained by the improvement in diagnostics, which 

has lead to the identification of less severe cases. 

Most adult patients with CVT are in their thirties or forties and less than 10% 

are older than 65.17 Among children, CVT predominantly occurs in neonates 

and is often associated with perinatal complications or dehydration.18 In young 

and middle aged adults – but not children or elderly – CVT is three times 

more common among women than men. This skewed sex ratio is the result of 

gender-specific risk factors: oral contraceptives, pregnancy and puerperium.19, 

20 A large number of other risk factors have been associated with CVT. Many of 

these are general risk factors for thrombosis, such as genetic thrombophilia, 

antiphospholipid syndrome, inflammatory disorders, and malignancies.21 

Local conditions of the head and neck may also cause CVT, including trauma, 

neurosurgical interventions and infections (e.g. otitis, mastoiditis and 

meningitis). Although at least one risk factor is identified in most patients, in 10 

to 20% no risk factor can be identified.11, 22

Pathophysiology

Two pathophysiological mechanisms can be distinguished in CVT: thrombosis 

of the major cerebral sinuses and thrombosis of the cortical veins. The cerebral 

sinuses (figure 1), besides draining blood, are also essential for drainage of 

cerebrospinal fluid, a process mediated by the arachnoid villi. These villi are 

small protrusions of the arachnoid mater into the cerebral sinuses and facilitate 

transport of cerebrospinal fluid from the subarachnoid space to the blood.23 

Arachnoid villi are also known by their eponym Pacchioni’s granulations. Antonio 

Pacchioni, who lived from 1665 to 1726 and was a friend of the previously 
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mentioned Morgagni, applied the recently discovered microscope to study 

the coverings of the brain.24 He published his description of arachnoid villi in 

1705 and believed they were glands that secreted lymph to lubricate sliding 

movements between the brain and meninges. Occlusion of the cerebral sinuses 

blocks transport of cerebrospinal fluid through the arachnoid villi. This causes 

intracranial hypertension, which leads to headache and – less frequently – 

papilledema, decreased visual acuity and sixth nerve palsy. If one or more of the 

cerebral sinuses are blocked, outflow of blood (and cerebrospinal fluid) must 

deviate to an accessory route. Such routes include the vertebral plexus and the 

facial vein, the latter of which is accessible either through the cavernous sinus 

and the superior ophthalmic vein or the pterygoid venous plexus.1

Figure 1 Frequency of thrombosis of the major cerebral sinuses.

The frequencies of thrombosis in the various sinuses are given as percentages and are based on data 
from the ISCVT study.11 In most patients, thrombosis occurs in more than one sinus. Reproduced with 
permission from “Stam J. Thrombosis of the Cerebral Veins and Sinuses. N Engl J Med 2005;352:1791-
1798”, Copyright Massachusetts Medical Society.
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The second pathophysiological mechanism, occlusion of a cortical vein, restricts 

the drainage of blood from the adjacent brain tissue. Depending on the extent of 

the thrombus and the availability of venous collaterals, obstruction of a cortical 

vein causes an increase in venous and capillary pressure and breakdown of the 

blood-brain barrier.22, 25, 26 This process can result in two types of macroscopic 

parenchymal lesions: localized cerebral edema and intracerebral hemorrhages, 

which both occur in approximately 40% of patients and often simultaneously. 

In the literature, these lesions are often termed venous infarct (figure 2), but 

this term is controversial because it implies irreversibility.27 MRI studies have 

shown that in approximately half of patients with CVT associated lesions, the 

edema is vasogenic and thus potentially reversible.28, 29 Moreover, even lesions 

with decreased ‘apparent diffusion coefficient’ (ADC) values in the acute phase 

– suggesting cytotoxic edema – have sometimes resolved over time.30

Figure 2 Parenchymal lesion in CVT

Axial non-contrast enhanced CT scan of a patient with CVT showing a parenchymal lesion in the right 
hemisphere with hypodense (edema) and hyperdense (hemorrhage) areas.
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Clinical manifestations and diagnosis

The most common clinical manifestations of CVT are shown in table 1.11 Most of 

the key signs and symptoms were already recognized by physicians in the 1800’s: 

headache, seizures and decreased consciousness. The relation between visual 

disturbances and CVT was first noted by the British physician Hawthorne, who 

reported a female patient with severe headache, diplopia and blurred vision. At 

examination she had abductions paralysis of the left eye and bilateral swelling 

of the optic discs.31 These symptoms can be caused by  intracranial hypertension, 

which is a well known clinical syndrome associated with CVT. Focal neurological 

deficits, such as hemiparesis, aphasia, hemianopia and cognitive symptoms, 

are caused by localized cerebral lesions due to venous thrombotic occlusions. 

Seizures occur in 40% of patients with CVT, much more than in arterial stroke. 

Among patients with parenchymal brain lesions this percentage is even higher, 

up to about 60%.11, 32 

Table 1: baseline symptoms and signs of CVT

Symptoms and signs Frequency (%)

Headache 89%

Visual loss 13%

Papilledema 28%

Diplopia 14%

Aphasia 19%

Paresis 37%

Seizure(s) 39%

Coma 5%

Derived from the ISCVT study.11

There are three imaging techniques to diagnose CVT during life: MRI with MR-

venography, CT-venography and conventional cerebral angiography.33 Cerebral 

angiography is the gold standard, but it is rarely used because it is time-consuming 

and carries a small, but non-negligible risk of stroke. MRI is the most widely used 

technique, although CT-venography is a good – and faster – alternative with 

similar sensitivity and specificity.34 MRI does have the advantage that it allows 

better visualization of parenchymal lesions and that it does not require ionizing 

radiation or intravenous contrast. Therefore, in children, pregnant women, and 

patients with contrast allergy or renal failure MRI is preferred.
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D-dimer measurements are often used in the diagnostic work-up of patients 

with suspected deep vein thrombosis (DVT) or pulmonary embolism (PE). Large 

studies have shown that a low D-dimer concentration in a patient with a low or 

intermediate clinical probability of DVT/PE virtually rules out these conditions, 

which makes additional radiological investigations redundant.35 The sensitivity 

of D-dimer concentrations to exclude CVT has been assessed in several studies. 

A recent meta-analysis calculated a mean sensitivity of 94%.36 However, among 

patients with a chronic onset or isolated headache, the sensitivity is much 

lower (83 and 82% respectively). Since these are precisely the type of patients 

where D-dimer values would be helpful – since there may be no other reason to 

perform brain imaging in these patients – the value of D-dimer concentrations 

for excluding CVT is limited in daily practice. Perhaps future studies will show 

that a lower cut-off point or a combination of D-dimer with another biomarker 

increases the sensitivity enough to make the test sufficiently sensitive to rule 

out CVT in patients with a low prior probability.

Treatment and prognosis

“The introduction of heparin gives us an effective weapon to treat what has 

invariably been a fatal complication of the puerperium, and the clinician’s reward 

for an early diagnosis will be the survival of the patient rather than the sterile 

pleasure of making an accurate diagnosis and confirming it in the post-mortem 

room” (F. Ross Stansfield, 1942, BMJ)37, 38

Stansfield, a British gynecologist, was one of the first to treat a patient with 

(puerperal) CVT with heparin, a few years after it became available for patients. 

The abovementioned quote is from the paper he published in the British Medical 

Journal in 1942, in which he described the favorable outcome of this patient.37 

His decision to apply anticoagulation was inspired by his positive experience of 

heparin treatment in patients with venous thrombosis of the leg. Also, a similar 

case of CVT – without heparin treatment – had died 2 months earlier. Although the 

use of heparin in CVT gained acclamation in the following decades39, it remained 

controversial for a long time. Opponents were concerned with the high incidence 

of intracerebral hemorrhages in CVT (before treatment) and the obvious risk 

of anticoagulation in these patients. Those in favor of heparin for CVT argued 

27933_Coutinho .indd   15 31-01-14   12:48



Chapter 1

16

that withholding heparin may lead to extension of the thrombosis with new 

venous occlusions and new hemorrhages.38 Clinical trials to solve this dilemma 

are difficult in a disease as rare as CVT. In order to solve this dilemma, four small 

randomized trials were performed in the nineties.40-43 A meta-analysis of two of 

these trials showed a non-significant difference in favor of heparin (Relative risk of 

death 0.33, 95% CI 0.08-1.21).44 The other two trials were excluded from the meta-

analysis; one because it has been published as an abstract only42 and the other 

because the diagnosis of CVT was established by unenhanced CT.41 Based upon 

the data from the meta-analysis, guidelines from both the ‘European Federation 

of Neurological Societies’ and the ‘American Heart Association’ now recommend 

anticoagulation with therapeutic dose of heparin as the primary treatment for 

CVT.33, 45 Nevertheless, as can be judged from recent publications, the debate on 

anticoagulation for CVT has not completely abated.46-49

Endovascular thrombolysis for the treatment of CVT was first reported in the 

1980s.50, 51 Since then, a myriad of case reports and small case series have been 

published on this matter, but no randomized trials or large prospective studies.52, 

53 Because of the limited data on its efficacy and risk of complications – especially 

intracerebral hemorrhages – guidelines recommend to consider endovascular 

thrombolysis only in severe cases and for patients who deteriorate despite 

treatment with anticoagulation.33, 45 Two types of endovascular thrombolysis 

exist. In chemical thrombolysis a microcatheter is placed in the sinus upstream 

from the thrombus and a thrombolytic drug, usually urokinase or alteplase, is 

infused. The reported dosages vary greatly. For urokinase, for instance, dosages 

of as little as 12 thousand and as much as 12 million IU have been reported.53 

If recanalisation is not achieved during the initial procedure, the microcatheter 

can be left in situ for continuous infusion.54 In such cases, a control venogram 

should be made at regular intervals to check for recanalisation. The second 

type of endovascular treatment is mechanical thrombectomy, which, judging 

from the number of publications, is increasingly used by interventionalists.55, 56 

Various thrombectomy techniques have been used, such as rheolytic devices, 

balloon angioplasty and stents. The theoretical advantage of mechanical over 

chemical thrombolysis is a lower risk hemorrhagic complications, although 

there are no data to substantiate this claim.
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Occasionally, patients develop large venous hemorrhagic infarcts which result 

in clinical and radiological signs of brain herniation. Based on the literature and 

our own experience the majority of these patients will die if left untreated.54, 

57 Endovascular thrombolysis is not beneficial in these situations, because 

recanalisation of the sinuses does not reverse the process of herniation. 

Steroids are sometimes used to reduce vasogenic edema, but there is no 

evidence for its efficacy.58 During the last decade data have amassed which 

suggest these patients are best treated with decompressive hemicraniectomy. 

In 1999, Stefini et al. reported good outcomes after decompressive surgery 

in 2 out of 3 patients with CVT and advanced stages of herniation (bilateral 

fixed and dilated pupils).59 Following this paper, several studies with similar 

results – with larger numbers of patients – have been published.60, 61 While 

the publication of Stefini is often considered to be first on this matter, the 

beneficial effect of surgery in a subset of patients with CVT had already been 

observed years before, for instance by the famous Swiss neurosurgeon Hugo 

Krayenbühl.6 

Up until the first half of the 20th century the prognosis of CVT was grave and the 

majority of patients did not survive.1 Still, even then some physicians argued 

that the disease should not be considered intractable and that spontaneous 

recovery and recanalisation were possible.31, 62 In recent studies the prognosis is 

much better. In the ISCVT, mortality at last follow-up was 8.3%.11 A recent large 

registry from Italy reported an even lower long term mortality of 2.8%.63 Various 

factors may explain this decline in mortality, such as improvements in treatment 

and a shift in risk factors. The most important factor, however, is the same that 

explains the increase in incidence: the identification of less severe cases. 

The majority of early deaths is directly the result of CVT, usually by transtentorial 

herniation due to large space-occupying lesions or generalized cerebral 

edema.57 Late deaths, on the other hand, are more frequently due to an 

underlying condition – especially cancer – or recurrent thrombotic events.13 

Approximately 90% of the surviving patients recover without sequelae.11, 13 

Between 5 to 12% experience seizures in the chronic phase, mostly in patients 

who had a hemorrhagic infarct in the acute phase.64, 65
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Outline of the thesis

This thesis is divided into 2 parts. In the first part we describe studies on the 

epidemiology and diagnosis of CVT. Chapter 2 reports the results of a cross-

sectional study of the incidence of CVT among hospitalized adult patients 

in 2 provinces in the Netherlands. We found that the incidence of CVT is 

considerably higher than previously believed. Chapter 3 is a post-hoc analysis 

of the ISCVT study, in which we examined the differences between women and 

men with CVT in presentation, course, and risk factors. This study showed that 

women with a gender-specific risk factor (oral contraceptive use, pregnancy/

puerperium or hormone replacement therapy) have a better prognosis than 

other female patients. In chapter 4, we report the results of a study on small 

juxtacortical hemorrhages in CVT. We found that juxtacortical hemorrhages 

are a characteristic feature of CVT and that these hemorrhages are rarely 

encountered in other conditions. Chapter 5 and 6 are both systematic reviews 

of the literature. In chapter 5 we have summarized all published cases of isolated 

cortical vein thrombosis. In chapter 6 we studied the decline in mortality of CVT 

over time. 

The second part of the thesis focuses on novel developments in treatment 

of CVT. Chapter 7 is a narrative review of the different treatments for CVT. In 

chapter 8, we report the results of an international, web-based survey among 

stroke specialists to explore treatment variations in CVT. Chapter 9 is an update 

of the Cochrane meta-analysis on anticoagulation for CVT. Chapter 10 is a post-

hoc analysis of the ISCVT study of the different types of heparin used for CVT. 

The data from this study suggest a better efficacy and safety of low-molecular 

weight heparin compared to unfractionated heparin. In chapter 11 we describe 

the rationale and design of the TO-ACT trial (Thrombolysis Or Anticoagulation for 

Cerebral venous Thrombosis). The TO-ACT trial is an international randomized 

controlled trial which we launched in 2011 to examine the efficacy and safety 

of endovascular treatment for CVT as compared to standard treatment. 

Chapters 12 through 14 of the thesis describe the efficacy of decompressive 

hemicraniectomy for severe CVT cases with impending herniation. We were 

among the first to report this therapy for CVT (chapter 12) and have published 

one of the largest prospective studies on this subject (chapter 13). Chapter 14 is 

a retrospective multicentre registry and systematic review of individual patient 
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data on decompressive surgery for CVT. This study also marked the launch of an 

international prospective registry of decompressive surgery for CVT. Finally, in 

the chapter 15 we summarize the main findings of this thesis and discuss the 

implications for future research
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Abstract

Background and purpose: To determine the incidence of adult cerebral venous 

thrombosis (CVT).

Methods: Retrospective cross-sectional study among all 19 hospitals located 

in 2 Dutch provinces, serving 3.1 million people. Adult CVT cases diagnosed 

between January 1st 2008 and December 31st 2010 were identified using 

the Dutch financial coding system for hospital care and the International 

Classification of Diseases system, 9th edition. Medical records of potential 

patients were hand searched to identify CVT cases. The Dutch national bureau 

for Statistics provided population figures of the 2 provinces during 2008 – 2010.

Results: Among 9270 potential cases, we identified 147 patients diagnosed 

with CVT. Of these, 53 patients did not meet the inclusion criteria, therefore, 

94 patients were included in the analysis. The overall incidence was 1.32 per 

100.000 person-years (95% CI 1.06 to 1.61). Among women between the ages 

of 31 and 50, the incidence was 2.78 (95% CI 1.98 to 3.82).

Conclusions: The incidence of CVT among adults is probably higher than 

previously believed. 
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Introduction

The incidence of cerebral venous thrombosis (CVT) is estimated at 0.2 to 0.5 per 

100.000 per year.1, 2 One estimate was derived from an extrapolation of mortality 

and autopsy data from studies performed several decades ago.3 Kalbag and 

Woolf provide mortality figures from the British Registrar General.4 From 

1952 to 1961 an average of 21.7 deaths from CVT were reported annually in a 

population of 56 million (0.39 deaths per million). The mortality of CVT probably 

varied between 20 and 50%. This gives an incidence of about 0.1 to 0.2 cases per 

100.000. These indirectly calculated incidence rates are inaccurate, especially 

since improved neuroimaging has shown that, unlike previously believed, CVT 

often has a benign course. Other studies give estimates of 0.225, 0.346, and 1.237 

per 100.000, but in the most of these studies determination of the incidence was 

not the primary objective. We determined the incidence of CVT among adults 

in 2 provinces in The Netherlands over a 3-year period, by hand-searching the 

medical records of all 19 hospitals in this region.

Patients and methods

Study design

Retrospective cross-sectional hospital-based population study among all 

19 hospitals in the provinces North-Holland and Flevoland. We searched for 

CVT patients diagnosed between January 1st 2008 and December 31st 2010. 

First, we used the Dutch financial coding system for hospital care (DBC). The 

appropriate code for CVT is 1199, which includes infectious and non-infectious 

cases. Because in some instances patients might have been wrongly assigned 

the code 1111 “ischemic stroke” or 1102 “hemorrhagic stroke”, we also compiled 

lists of these codes. Since we expected that the yield of CVT cases among the 

latter codes would be low, and the fact that CVT is rare among elderly patients, 

we only searched these codes for patients up to the age of 65. In addition, we 

used the international classification of diseases, 9th revision, used in 10 hospitals 

(codes 437.6, 325, 671.5, and 437.8). This study was approved by the ethical 

review board of the Academic Medical Centre.
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Identification of CVT cases

We hand-searched medical records of all patients with the appropriate DBC 

or ICD-9 codes. Only cases confirmed by magnetic resonance venography, 

computed tomography venography, conventional angiography, or autopsy 

were included. All cerebral imaging results were re-assessed by the investigators 

(JMC and SMZ). If the diagnosis was judged incorrect, or found to be incorrect 

at follow-up, the patient was excluded. We also excluded patients who lived 

outside the two provinces. Extra care was taken to avoid duplicate counts. 

Statistical analysis

We acquired the population figures of the years 2008-2010 from the Dutch 

national bureau for Statistics. To calculate the overall incidence, we used 

the population of North-Holland and Flevoland aged 18 years and older as 

denominator. 

Results

We identified 9270 potential CVT cases (figure). After hand-searching all medical 

records, we identified 147 patients diagnosed with CVT. Fifty-three patients 

did not meet the eligibility criteria, therefore 94 patients were included in the 

analysis. The combined adult population of the 2 provinces was 2.353.429 in 

2008, 2.379.236 in 2009 and 2.405.611 in 2010. The overall annual incidence of 

CVT among adults was 1.32 per 100.000 person-years (95% CI 1.06 to 1.61, table 

1). As expected, the incidence was significantly higher in women than men (1.86 

vs. 0.75) and higher among patients aged 31 – 50 (1.71). 

The median age of patients was 41 years (table 2). Fifty-two percent of female 

patients used oral contraceptives and 18% were pregnant or had recently given 

birth. The transverse and sigmoid sinuses were thrombosed most often (70 and 

53% respectively). Parenchymal lesions at baseline occurred in 44%. Nearly all 

patients (96%) received anticoagulant treatment. Mortality was 1% at discharge 

and 3% at follow-up.
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Figure: Flowchart of patient selection










 

 
 

 


Table 1: Incidence rates 

Population Incidence year-1 100.000-1

Overall adult incidence 1.32 (1.06 – 1.61)

Subgroups

 Women 1.86 (1.44 – 2.36)

 Men 0.75 (0.49 – 1.09)

 Age 18-30 1.64 (1.05 – 2.44)

 Age 31-50 1.71 (1.26 – 2.27)

 Age 51 and older 0.77 (0.48 – 1.16)

 Women age 31-50 2.78 (1.98 – 3.82)

 Men age 31-50 0.64 (0.29 – 1.21)

Incidence rates are given per 100.000 person-years with 95% confidence intervals between brackets.
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Table 2: Clinical and radiological manifestations

Characteristic

Median age (range) 41 (18-72)

Sex (% female) 72%

Oral contraceptive use (% of women) 52%

Pregnancy or puerperium (% of women) 18%

Parenchymal lesion 44%

Location thrombosis

 Superior sagittal sinus 43%

 Transverse sinus 70%

 Sigmoid sinus 53%

 Straight sinus 16%

Anticoagulation 96%

Mortality at discharge 1%

Mortality at follow-up 3%

Discussion

We found an incidence of adult cerebral venous thrombosis of 1.32 per 100.000 

person-years, much higher than previously published. This indicates that CVT 

in adults has an incidence comparable to bacterial meningitis.8 A possible 

explanation is that due to an increased awareness of CVT and improved imaging 

techniques, CVT is more frequently diagnosed. One of the strengths of our study 

is that we hand-searched the medical records of almost 10.000 potential CVT 

cases and used strict inclusion and diagnostic criteria. Because exact figures on 

population distribution are available in The Netherlands, we believe that our 

data provide a reliable estimate of the true incidence of CVT. 

Several well designed studies have examined the incidence of CVT among 

children. The ‘Canadian pediatric ischemic stroke registry’ found an incidence 

of 0.67 per 100.000 per year, with a peak among neonates.9 As a result, CVT was 

always believed to be more common among children than adults. In contrast, 

our data suggest that CVT is twice as common in adults as in children. 

One previous study found an incidence similar to our study. Janghorbani et 

al. performed a case registry in 2 hospitals in Iran and reported an incidence 

of 1.23 per 100.000.7 Their study, however, was performed in tertiary care 

hospitals, which may have caused referral bias. Furthermore, because recent 
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data on population were lacking, they calculated their denominator based on 

an older census, which may be less accurate. Finally, it is unclear if they checked 

for duplicate counts or referrals from outside the caption area.

The mortality in our study, 1% at discharge and 3% at follow-up, is lower than 

in previous studies. In the ‘international study on cerebral vein and dural sinus 

thrombosis’ (ISCVT), mortality was 4% at discharge and 8% at follow-up.10 This 

is in agreement with the idea that improved diagnosis has identified not only 

more cases, but also less severe cases with a benign course. Possibly, the almost 

universal application of anticoagulant treatment (96%) may have contributed 

to the low mortality. 

Our study has several limitations. First, despite our extensive search, we cannot 

exclude that some cases have been missed. For instance, patients who were 

miscoded, who were admitted to a hospital outside the search region, or who 

were not treated by a neurologist would all have been missed. Thus, the incidence 

we found may be an underestimate of the true incidence. Another limitation 

is the retrospective design of our study, but since we manually checked the 

original medical records and imaging, we feel it is unlikely that this introduced 

a bias.
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Abstract

Background and purpose: Little is known about the gender-specific 

manifestations of cerebral venous and sinus thrombosis, a disease that is much 

more common in women than men.

Methods: We used data of the international study on cerebral vein and dural 

sinus thrombosis (ISCVT), a multi-center prospective observational study, 

to analyze gender specific differences in clinical presentation, etiology and 

outcome of cerebral venous thrombosis.

Results: 465 out of a total of 624 patients were women (75%). Women were 

significantly younger, had less often a chronic onset of symptoms and had 

more often headache at presentation. There were no gender differences in 

ancillary investigations or treatment. A gender specific risk factor (GSRF: oral 

contraceptives, pregnancy, puerperium and hormonal replacement therapy) 

was present in 65% of women. Women had a better prognosis than men 

(complete recovery 81% vs. 71%, p=0.01), which was entirely due to a better 

outcome in female patients with GSRF. Women without GSRF are similar to 

men in clinical presentation, risk factor profile and outcome. Logistic regression 

analysis confirmed that the absence of GSRF is a strong and independent 

predictor of poor outcome in women with sinus thrombosis (odds ratio 3.7, CI 

1.9-7.4).

Conclusions: Our study identified important differences between women 

and men in presentation, course and risk factors of cerebral venous and sinus 

thrombosis, and showed that women with a gender-specific risk factor have a 

much better prognosis than other patients.
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Introduction

Cerebral venous and sinus thrombosis (CVT) is a relatively rare subtype of 

stroke.1, 2 In young to middle-aged adults, CVT is much more common in women 

than men, with a ratio of approximately three to one.3 This skewed sex-ratio is 

usually attributed to gender specific risk factors, especially oral contraceptives, 

and to a lesser extent pregnancy, puerperium and hormone replacement 

therapy.1 Case-control studies showed a significant association between use of 

oral contraceptives and CVT4, 5, which was confirmed in a recent meta-analysis 

(pooled odds ratio 5.59).6 Furthermore, in age groups that lack these gender 

specific risk factors, such as children7 and elderly patients8, there is no gender 

predilection. Additional evidence comes from the fact that epidemiological 

studies performed before the widespread use of oral contraceptives do not 

show a difference in gender distribution.9 Finally, a single center retrospective 

study showed a shift in gender ratio over time towards women, that parallels 

an increase in use of oral contraceptives.10

Studies in arterial stroke have identified important differences in clinical 

manifestations and outcome between men and women.11, 12 After adjustment for 

possible confounders, women were found to receive less ancillary investigations 

and have a worse prognosis than men. Furthermore, there are indications that 

women may respond differently to secondary prophylaxis treatment of arterial 

stroke than men.13 Several potential explanations for these differences have 

been offered, but no definitive conclusions can be drawn from the available data. 

A NINDS-sponsored multidisciplinary working group therefore recommended 

additional prospective studies regarding sex differences in stroke.14

Little is known about the differences between men and women regarding 

clinical manifestations and outcome of CVT. The scarce studies that do exist 

are mostly retrospective or comprise a small number of patients.5, 15, 16 The 

international study on cerebral venous and dural sinus thrombosis (ISCVT) 

is, to date, the largest prospective cohort study on CVT.3 Women comprise 

approximately three quarters of patients included in this cohort. In order to 

elucidate the specific manifestations of CVT in women, we have analyzed the 

ISCVT data based on gender, focusing on clinical manifestations, etiology and 

outcome.
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Methods

Study design

The organization of the ISCVT has been described in detail previously.3 Briefly, 

the ISCVT is a prospective international observational cohort study that included 

624 consecutive adult patients with symptomatic CVT. In total, 89 centers from 

21 countries participated. A complete list of all participating centers is available 

in a previous publication3. The inclusion ran from May 1998 until May 2001. 

Diagnosis of CVT was confirmed by MR-venography, conventional angiography, 

CT-venography, surgery or autopsy in all patients. A list of risk factors for CVT 

was attached to the inclusion form to assist investigators with the etiological 

work-up. Genetic thrombophilia screening was recommended for protein S and 

C deficiency, antithrombin deficiency, prothrombin mutation, factor V Leiden 

and methylenetetrahydrofolate reductase mutation. 

Follow-up visits were performed at 6 months, 12 months and yearly thereafter, 

and were predominantly done by direct interview and observation by the local 

investigators. During follow-up, disability, death and other relevant symptoms 

and events were recorded. Disability was classified according to the modified 

Rankin scale (mRS, 0 = complete recovery, 6 = dead). In the current study we 

used the score on mRS at 6 months as the primary outcome measure. For 

patients who missed the 6-month evaluation we imputed the score of either 

the mRS at discharge or at 1-year follow-up, whichever was worse. The three 

outcome measures that are provided are: complete recovery (defined as a mRS 

score of 0 or 1), death or dependency (mRS 3-6) and mortality (mRS 6). 

Statistical analysis

In the primary analysis, we compared demographics, clinical manifestations, 

etiology and outcome between women and men. Because we hypothesized 

that clinical characteristics and outcome are different between female patients 

with gender specific risk factors (GSRF) and those without these risk factors, 

we performed a second analysis in which we subdivided female patients 

into 3 subgroups based on the presence or absence of these risk factors. The 

following risk factors were defined as gender-specific: use of oral contraceptives, 

pregnancy, puerperium and hormone replacement therapy (HRT). 

27933_Coutinho .indd   40 31-01-14   12:48



Cerebral venous thrombosis in women

41

3

Categorical data were analyzed with the χ2 test. Since continuous data were not 

normally distributed we used the Mann-Whitney (for comparison of 2 groups) 

or Kruskal Wallis test (for comparison of 3 groups). For each set of analyses 

(e.g. demographics, symptoms, etiology or outcome) uncorrected P values are 

provided. In addition we indicate in the tables if the P values remain significant 

after Bonferroni correction for multiple testing. We used a stepwise backwards 

logistic regression analysis to examine predictors of death or dependency at 6 

month follow-up. The following variables were entered in to the multivariate 

analysis: age, thrombosis of the deep venous system, thrombosis of the superior 

sagittal sinus, mental status disorder, any paresis, coma, intracranial hemorrhage, 

any focal lesion on CT imaging, central nervous system infection and any 

malignancy. These variables were selected because they were significantly 

associated with poor outcome in a previous analysis of the entire ISCVT cohort3. 

We added “absence of a GSRF” to the regression analysis as one of our hypotheses 

of this study. We calculated odds ratios (OR) and 95% confidence intervals (CI) for 

the retained variables. All data were analyzed with SPSS 16.0.

Results

Baseline characteristics in men and women

Demographics and clinical characteristics at baseline of women and men are 

depicted in table 1. Of the 624 included patients, 465 were women (75%). Women 

were significantly younger than men at the time of diagnosis (median age 34 

vs. 42, respectively). There was no significant difference between percentages 

of patients from developing countries (20% vs. 15%). Women less often had 

a chronic onset of symptoms (5% vs. 13%) and the interval between onset of 

symptoms-admission was shorter in women compared to men. Duration of 

hospital admission was also shorter for female patients.

Headache was significantly more common in women compared to men (91% 

vs. 82%), but frequency of other clinical symptoms and signs at baseline were 

similar. Distribution of occluded sinuses and veins was also similar in both 

groups. The superior sagittal sinus was occluded in 62% of women and 64% 

of men. The deep venous system was involved in 12% and 8% respectively, 

while in both groups 50% of patients had more than one occluded sinus (all 
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differences not significant). Treatment regimens also did not differ between 

women and men. Approximately 83% of all patients - regardless of gender - 

received heparin in a therapeutical dose (table 2). The majority of remaining 

patients received prophylactic dose heparin or anti-platelet drugs, with no 

gender related differences (data not shown).

Table 1. Baseline characteristics

Women Men

n = 465 n = 159 P-value

Demographics

 Age (IQR) 34 (25-47) 42 (33-57) <0.001*

 “Developing country” 20% 15% 0.2

Clinical presentation

 Chronic onset of symptoms 5% 13% 0.003*

 Onset symptoms to admission (days, IQR) 4 (1-9) 6 (2-15.5) 0.006*

 Duration of admission (days, IQR) 16 (11-24) 20 (11-29.5) 0.01

 Headache 91% 82% 0.002*

 Papilledema 28% 28% 1.0

 Aphasia 19% 19% 1.0

 Seizures 39% 40% 0.8

 Sensory symptoms 6% 4% 0.7

 Paresis 37% 36% 0.9

 Mental status disorder 20% 26% 0.1

 Coma (GCS < 9) 5% 5% 1.0

 Intracranial hemorrhage or infarct 65% 57% 0.06

* P-values that remain significant after Bonferroni correction

GCS = Glasgow coma scale; Continuous variables are given as median with interquartile range (IQR). 
Definitions: “developing country” = countries classified as “low“ or “lower middle” gross national income 
according to definitions of the world bank; Chronic onset = interval onset of symptoms-diagnosis > 30 
days.

Etiology and outcome

Risk factors for CVT are shown in table 2. Three-hundred-and-one out of 465 

women had a gender-specific risk factor (GSRF) for sinus thrombosis (65%). 

Oral contraceptive users comprised the largest group (213 patients, 46% of 

all women). Seventy-seven women were pregnant or had recently given birth 

(17%) and 14 women used hormone replacement therapy (3%). 

Etiological workup was complete in approximately 80% of patients (no gender 

difference). Seventy-five percent of the participating centers performed a complete 

genetic screening for thrombophilia in all patients. Overall, frequency of genetic 
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thrombophilia was similar in women and men (22% vs. 25%, p=0.4). The prevalence 

of the specific prothrombotic mutations, as well as the total number of patients that 

were screened for each mutation, are provided in table 3. With the exception of the 

antithrombin deficiency, which was more common in men (0.3% vs. 2.7%, p=0.02), 

there were no significant differences between women and men.

Table 2. Etiology, treatment and outcome in men and women

Women Men

n = 465 n = 159 P-value

Etiology

 Gender specific risk factor 65% - NA

 Oral contraceptives 46% - NA

 Pregnancy or puerperium 17% - NA

 Hormone replacement therapy 3% - NA

 Complete etiological workup 79% 82% 0.5

 No risk factor identified 8% 25% <0.001*

 More than 1 risk factor identified 47% 33% 0.003*

 Genetic thrombophilia 22% 25% 0.4

 Acquired prothrombotic condition 16% 15% 0.7

 Any  infection 10% 21% <0.001*

 ENT infection 7% 13% 0.03

 CNS infection 2% 4% 0.1

 Malignancy 6% 11% 0.03

 Mechanical precipitants 3% 8% 0.04

Treatment

 heparin 83% 84% 1.0

 Steroids 24% 26% 0.6

 Anticonvulsants 44% 46% 0.7

Outcome at 6 months

 Complete recovery (mRS 0-1) 81% 71% 0.01*

 Death or dependency (mRS 3-6) 12% 20% 0.008*

 Mortality 6% 10% 0.1

* P-values that remain significant after Bonferroni correction

ENT = ear, nose and throat; CNS = central nervous system; mRS = modified Rankin Scale; NA = not 
applicable; “mechanical precipitants” includes cranial trauma, neurosurgical intervention, jugular 
catheter occlusion and lumbar puncture; “acquired prothrombotic condition” includes nephrotic 
syndrome, antiphospholipid antibodies and hyperhomocysteinemia.

Infections were less common among women (10% vs. 21%, p<0.001), mainly 

due to a lower frequency of ear, nose and throat infections. Malignancies and 

mechanical causes, including trauma, were also less frequent in women. Finally, 

women more often had multiple risk factors (47% vs. 33%). 
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Table 3. Genetic thrombophilia in men and women

Type of mutation Women Men P-value

Protein S deficiency 8.0% (26/325) 6.1% (7/114) 0.5

Protein C deficiency 4.4% (14/321) 5.2% (6/115) 0.7

Antithrombin deficiency 0.3% (1/318) 2.7% (3/113) 0.02

Factor V Leiden 6.8% (22/325) 9.6% (11/115) 0.3

Prothrombin mutation 7.1% (23/323) 12.2% (14/115) 0.09

MTHFR mutation 11.2% (36/320) 5.3% (6/114) 0.06

MTHFR = methylenetetrahydrofolate reductase

The prevalence of each mutation is depicted in percentages. Between brackets the absolute number of 
affected patients is shown, as well as the total number of patients that were screened for this particular 
mutation.

Six-month follow-up rate was high, with data available for 93% of patients. For 

missing cases (14 men, 31 women) the Rankin score was imputed as described 

in the methods section. A significantly larger proportion of women had a 

complete recovery (81% vs. 71%, p=0.01). Accordingly, death or dependency 

was less frequent among women (12% vs. 20%, p=0.008). All cause mortality was 

also lower (6% vs. 10%), but this did not reach statistical significance (p=0.12). 

Omission of the missing values yielded essentially the same results. Outcome at 

last follow-up (median follow-up 16 months) also showed similar results (death 

or dependency 11% vs. 20%; complete recovery 81% vs. 74%).

Role of gender specific risk factors in CVT

Female patients were divided into 3 subgroups. There were 143 women with 

only gender-specific risk factors and no other risk factor (group A1), 158 women 

with both GSRF and another risk factor (group A2) and 164 women without 

GSRF (group B). The results of the subgroup analysis are shown in table 4. For 

reference purposes, the results of men are also shown, but statistical testing is 

between female patients only. 

The 2 groups of women with GSRF are similar to each other in most respects, 

but differ considerably from women without GSRF. Women with GSRF are 

younger, had shorter hospital admissions and were more often included from a 

country with low or middle-low gross national income, according to World Bank 

definition (www.worldbank.org). Furthermore, headache was almost uniformly 

present in women with GSRF (97% and 94%), but less frequent in women without 

GSRF. There was no difference in frequency of heparin treatment between the 
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subgroups of female patients. Women without GSRF did receive steroids more 

often (31%) than patients with GSRF (both 20%, p=0.03).

Table 4. Subgroup analysis of female patients

GSRF only
(group A1)

GSRF and 
other RF

(group A2)

No GSRF
(group B)

P-value Men

N = 143 N = 158 N = 164 N = 159

Demographics

 Age (IQR) 32 (25-40) 29 (24-37) 48 (34-58) <0.001* 42 (33-57)

 “Developing country” 24% 22% 14% 0.05 15%

Clinical presentation

 Chronic onset of symptoms 4% 4% 9% 0.2 13%

 Symptom onset-admission 
(days,IQR)

4 (2-9) 4 (2-9) 4 (1-10) 1.0 6 (2-15.5)

 Duration of admission 
(days, IQR)

13 (10-18) 17 (11-24) 19 (12-30) <0.001* 20 (11-29.5)

 Headache 97% 94% 83% <0.001* 82%

 Papilledema 25% 29% 31% 0.5 28%

 Aphasia 16% 20% 21% 0.5 19%

 Seizures 41% 45% 32% 0.05 40%

 Sensory symptoms 7% 7% 4% 0.3 4%

 Paresis 39% 34% 40% 0.6 36%

 Mental status disorder 18% 19% 24% 0.4 26%

 Coma (GCS<9) 5% 3% 8% 0.1 5%

 Intracranial hemorrhage 
or infarct

63% 69% 63% 0.4 57%

Treatment

 Heparin 83% 86% 81% 0.5 84%

 Steroids 20% 20% 31% 0.03 26%

 Anticonvulsants 44% 49% 38% 0.1 46%

Outcome at 6 months

 Complete recovery (mRS 0-1) 85% 85% 72% 0.003* 71%

 Death or dependency 
(mRS 3-6)

8% 5% 22% <0.001* 20%

 Mortality 4% 2% 11% <0.001* 10%

* P-values that remain significant after Bonferroni correction

GCS = Glasgow coma scale; mRS = modified Rankin Scale; Continuous variables are given as median 
with IQR. 

Irrespective of the presence or absence of other risk factors, women with GSRF 

had significantly better outcomes than those without GSRF; 85% had fully 

recovered at the 6 month follow-up visit. Mortality and “death or dependency” 

were less frequent in women with GSRF. A post-hoc analysis in which all 3 
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groups were compared to each other confirmed that the difference in outcome 

is solely caused by a worse outcome in women without a GSRF. Differences in 

outcome at the last follow-up visit were similar (data not shown). The outcome 

in all categories of the mRS at 6 months for the four groups of patients is shown 

in figure 1.

Figure 1. Score on the modified Rankin Scale at 6 months.

 

Group A1 = women with GSRF, but no other risk factors; group A2 = women with both GSRF and another 
risk factor; group B = women without GSRF. Horizontal bars: percentages of patients in the different 
categories of the modified Rankin scale. Left = Rankin 0 (complete recovery), right Rankin 6 (death).

Since the subdivision of female patients is based on risk factors, comparison 

of etiological factors between the female subgroups is inapplicable, but 

comparison of the risk factors of women without GSRF (group B) and men 

is valid (table 5). This comparison shows highly similar frequencies, with the 

exception of a higher rate of infections in men (21% vs. 15%, p=0.1).

Logistic regression analysis confirmed that the absence of a GSRF is a strong, 

independent predictor of poor outcome among women (OR 3.7, p<0.001, 

table 6). Other risk factors that were associated with death or dependency are: 

intracranial hemorrhage, mental status disorder, thrombosis of the deep venous 

system, coma and central nervous system infection. Age and malignancy, which 

were independently associated with poor outcome in the overall analysis of the 

ISCVT population3, were not retained in the current model. When both predictors 

were forced into the model, the absence of a GSRF remained significantly 
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associated with poor outcome (OR 3.3, p=0.003). Age and malignancy were not 

independently associated with poor outcome (p=0.9 and p=0.1 respectively).

Table 5 Risk factor profile of women without GSRF and men.

Women without GSRF
(Group B)

Men

Etiology n = 164 n = 159 P-value

No risk factor identified 23% 25% 0.8

More than 1 risk factor identified 36% 33% 0.6

Genetic thrombophilia 22% 25% 0.5

Acquired prothrombotic condition 18% 15% 0.4

Any  infection 15% 21% 0.1

 ENT infection 10% 13% 0.5

 CNS infection 4% 4% 0.8

Malignancy 12% 11% 0.8

Mechanical precipitants 6% 8% 0.6

ENT = ear, nose and throat; CNS = central nervous system; “mechanical precipitants” and “acquired 
prothrombotic condition” as in table 2.

Table 6 Logistic regression analysis of outcome for female patients

Death or dependency
Odds ratio 95% CI

Predictor n/N %

CNS infection 4/7 57% 7.3 2.0-89.4

Deep venous system thrombosis 15/54 28% 4.2 1.9-9.5

Coma (GCS<9) 11/23 48% 4.0 1.5-10.8

No gender specific risk factor 35/161 22% 3.7 1.9-7.4

Mental status disorder 23/92 25% 2.5 1.3-5.0

Intracranial hemorrhage 32/185 17% 2.3 1.2-4.6

“n” denotes the number of patients with a poor outcome and the predictor; “N” is the total number of 
patients with the predictor. Outcome is defined as “Death or dependency” (mRS 3-6) at the six month 
follow-up visit. GCS = Glasgow Coma Scale.

Discussion

Our study shows important differences between women and men with CVT, and 

between women with and without gender specific risk factors, mostly the use 

of oral contraceptives. The most conspicuous finding is the far better prognosis 

of women, which is exclusively caused by a substantially better outcome in 

female patients with GSRF. Previous retrospective studies reported that CVT in 
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pregnant women has a relatively favorable prognosis.15, 17 These results are now 

confirmed in a large, prospective cohort study, and extended to women with 

all gender specific risk factors.

The ISCVT is, to date, the largest prospective cohort study on CVT.3 Participating 

centers included hospitals from all over the world and investigators committed 

themselves to include data on consecutive patients. Furthermore, CVT 

was confirmed in all patients using standard radiological techniques and 

completeness of follow-up data was high. For these reasons, the data presented 

in this study are likely to be representative of CVT in general. It must be 

noted, however, that the ISCVT included only adult patients. Generalization 

to pediatric patients must therefore be cautioned. Furthermore, few patients 

from the African and Asian continents were included. Risk factor profiles may be 

different in patients from these continents, including a higher rate of infection- 

and pregnancy related CVT and lower rates of oral contraceptive related CVT.18

An obvious explanation for the better prognosis in women with GSRF would be 

that they are younger. In the overall analysis of the ISCVT data (including male 

patients), age was indeed an independent, though relatively weak predictor 

of outcome (hazard ratio 2.0, CI 1.2-3.3).3 However, in our present multivariate 

analysis of female patients only, age was not a significant predictor. In this model, 

the absence of a gender-specific risk factor both strongly and independently 

predicted poor outcome (OR 3.7, CI 1.9-7.4) in women.

Another reason for the better prognosis of female patients with GSRF could be 

that they are in better general condition. Women using oral contraceptives are 

checked by doctors in some countries, and women with known thrombotic 

risk factors or other medical problems may avoid oral contraceptives. Also, 

pregnancy might be less likely or be delayed in women with health problems. 

These explanations are supported by our finding that women without GSRF have 

a risk factor profile that is almost identical to that of men, with the exception of 

infections. Finally, the better outcome in women could be the result of the fact 

that women seek medical attention sooner than men, as might be indicated by 

the shorter time between onset of symptoms and admission. The fact that men 

more often have a chronic onset of symptoms might also support this hypothesis, 

although, based on our data, we cannot exclude the possibility that the more 
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insidious onset in women is the result of gender-specific pathophysiological 

differences. Furthermore, we found no evidence that women were in a better 

clinical condition at presentation compared to men (table 1).

Our study did not demonstrate any gender-specific differences regarding 

diagnosis or treatment of CVT, which also could have explained the differences 

in outcome. Approximately 80% of both male and female patients received full 

dose heparin, which is considered standard treatment.19 Similarly, we found 

no difference in diagnostic procedures. In both sexes 80% of patients received 

complete etiological workup for thrombotic risk factors. This is an important 

finding, since previous studies have reported gender-specific differences in 

management of both ischemic heart disease20 and arterial stroke.11 In those 

conditions, women underwent less ancillary investigations and were less likely 

to receive aggressive therapy compared to men. Nevertheless, based on our 

data, we cannot exclude the possibility of under-diagnosis in female patients, 

since by definition the ISCVT included only patients that underwent CT, MRI or 

angiography.3

Interestingly, women with GSRF more often had headache at presentation, 

as compared to women of group B and men. Headache in CVT can be caused 

by several mechanisms: increased intracranial pressure, hemorrhagic infarcts, 

small sulcal hemorrhages, and innervation of pain sensitive fibers in the dura 

mater (e.g. by distension of the sinus walls).21 We found no indication of more 

extensive thrombosis or a different pattern of thrombosis in women with GSRF. 

Frequency of baseline intracranial hemorrhages and infarcts was also similar 

in subgroups of female patients. Furthermore, the fact that we found a similar 

rate of papilledema in all groups might indicate that there was no difference 

in frequency of intracranial hypertension. However, since lumbar puncture was 

not routinely performed, an increased frequency of intracranial hypertension in 

women with GSRF cannot be excluded. Alternatively, the higher prevalence of 

headache in female patients could be the result of a mechanism independent 

of CVT. It has been shown that women with arterial stroke also more often have 

headache than men.22 Finally, the higher rate of headache in women with GSRF 

could be the effect of age. Only 65% of elderly patients with CVT (>65 years) 

reported headache at presentation, as shown in a previous study.8 The women in 

group B, who less often had headache, were indeed older than women with GSRF.
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In approximately half of all female patients more than one thrombotic risk factor 

was identified. It is generally accepted that thrombosis is a multicausal disease 

which requires various risk factors to develop.23 Previous studies have shown 

that use of oral contraceptives and a genetic prothrombotic condition increase 

the risk of thrombosis in a multiplicative way4, 24 and a similar synergistic effect 

has been observed in CVT.6 Work-up for thrombophilia is therefore advisable, 

even in the presence of a GSRF. While the acute management of CVT is not 

altered by the presence of thrombophilia, it may be important at a later stage 

for counseling and management in subsequent high risk situations, such as 

pregnancy.

In conclusion, we have indentified important differences between women and 

men in the presentation, course and risk factors of cerebral venous and sinus 

thrombosis, and showed that women with a gender-specific risk factor have a 

much better prognosis than other patients.
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Abstract

Background: Intracerebral haemorrhages are common in patients with 

cerebral venous thrombosis (CVT). We examined whether small juxtacortical 

haemorrhages (JCH) are characteristic for CVT and studied their radiological 

and pathological properties.

Methods: We identified all patients with CVT and an intracerebral haemorrhage 

at baseline admitted to our hospital between 2000 and 2010 (prospectively 

from July 2006). A JCH was defined as a small haemorrhage (diameter < 20 mm), 

located in the white matter just below the cortex. To determine the specificity of 

JCHs for CVT, we examined the frequency of JCHs in a control group of patients 

of similar age with an intracerebral haemorrhage not related to CVT. All imaging 

results were re-evaluated by two neuroradiologists.

Results: Of 114 patients with CVT, 53 had an intracerebral haemorrhage. One 

or more JCHs were present in 14/53 (26%) of them. The remaining 39 had other 

kinds of haemorrhages. Papilloedema was more common among patients with 

a JCH compared to patients with other types of haemorrhages (44% vs. 9%, 

p=0.01). Other clinical characteristics and outcome did not differ significantly. 

All patients with a JCH except one (93%) had thrombosis of the superior sagittal 

sinus, compared to 49% of patients with CVT and other kinds of haemorrhages 

(p=0.004). Thrombosis of the other cerebral sinuses did not differ significantly 

between the groups. Re-analysis of the cerebral imaging showed that JCHs 

are confined to the juxtacortical white matter, near the U-fibres, and that 

they follow the curvature of the cortex. This feature results in a cashew-nut or 

round appearance, depending on the location of the JCH. These findings were 

confirmed by histopathologic analysis of the brain of patient with CVT and JCHs. 

Among the 196 control patients (spontaneous intracerebral haemorrhage, not 

caused by CVT) only three patients had a JCH. One of these three controls 

appeared on re-examination of all imaging results to have had CVT, which had 

been missed at first presentation.

Discussion: The location and the shape of JCHs and their association with 

thrombosis of the superior sagittal sinus suggest that these haemorrhages 

probably originate in the arcuate segment of the subcortical vein of the 
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superficial venous system. We conclude that small juxtacortical haemorrhages 

are a characteristic feature of cerebral venous thrombosis and rarely encountered 

in other conditions.
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Introduction

Cerebral venous thrombosis (CVT) is a particular type of stroke with an annual 

incidence of approximately 1.3 per 100.000.1 Its clinical manifestations are highly 

variable, and range from chronic headache to a severe encephalopathy with 

seizures and coma. Localized cerebral edema and haemorrhages frequently 

occur as a consequence of venous thrombotic occlusions. Large haemorrhagic 

infarcts can cause death by cerebral herniation.2, 3 Because of the variable 

presentation and the rarity of the disease, the diagnosis is difficult and may 

be missed at the first consultation. A diagnostic delay can be detrimental 

because  progression of the thrombosis may cause further clinical deterioration 

if adequate treatment with heparin is delayed.4 Timely recognition of CVT is 

therefore important.

Most patients with symptoms of CVT - often patients in their thirties or forties 

with recent headache, seizures, or neurologic deficits - are initially examined 

in the emergency room. A non contrast-enhanced CT-scan (NCCT) of the 

brain is usually the first radiological examination. A common CT finding in 

patients with CVT is an intracerebral haemorrhage, present in approximately 

40% of patients.5 The morphology of these haemorrhages varies, ranging from 

localized subarachnoid haemorrhage and small juxtacortical lesions to large, 

space-occupying haemorrhagic infarcts.6 Since diagnosing CVT can be difficult, 

recognition of abnormalities on cranial imaging that suggest CVT is important. 

In our experience, small juxtacortical haemorrhages (JCH) occur frequently in 

patients with CVT, but rarely in other conditions. We examined whether these 

JCHs are indeed characteristic for CVT and if they are associated with a distinctive 

clinical profile. We also examined the pathological properties and propose a 

pathophysiological mechanism for the development of these haemorrhages.

Methods

Patient identification and selection

Our hospital is a tertiary referral centre for CVT cases in the Netherlands. The 

study cohort consisted of consecutive patients with CVT and an intracerebral 

haemorrhagic lesion on baseline CT imaging, treated between January 1st 2000 
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and January 1st 2011. We recorded all CVT patients admitted after July 2006 in 

a prospective database 7. Patients treated between January 1st 2000 and June 

30th 2006 were identified retrospectively using two different search methods. 

First, we identified cases with the international classification of diseases, 9th 

revision (ICD-9) coding system. We compiled a list of every patient who received 

any of the following codes in the specified time period: 437.6 (non-pyogenic 

thrombosis of intracranial venous sinus), 325 (phlebitis and thrombophlebitis of 

intracranial venous sinuses), 671.5 (other phlebitis and thrombosis of pregnancy 

and puerperium), and 437.8 (other cerebrovascular disease). Second, we used 

the Dutch financial coding system for hospital care (DBC) to search for patients.1 

This system assigns a code to each patient which corresponds to the diagnosis. 

The appropriate code for CVT is 1199 “cerebrovascular diseases, not otherwise 

specified”. We hand-searched the medical records and cerebral imaging of all 

patients identified by either search method to confirm or refute the diagnosis 

of CVT. For confirmation of the diagnosis CVT we required thrombosis of at 

least one cerebral sinus on one of the following: CT-venography, MRI with 

MR-venography, conventional cerebral angiography or autopsy, according to 

international standards.8 Children under the age of 12 were excluded. 

To determine the specificity of JCHs for the diagnosis CVT, we composed a 

control group of consecutive adult patients with an intracerebral haemorrhage 

that was not due to CVT, admitted in the same time period as the CVT 

cases. These patients were identified with the ICD-9 code 431 (Intracerebral 

haemorrhage). Since CVT is very rare in elderly patients 9, we regarded patients 

above the age of 60 inappropriate as controls and excluded them. Patients 

with traumatic haemorrhages, aneurysmatic subarachnoid haemorrhages or 

isolated intraventricular haemorrhages were excluded. Because we have never 

encountered a JCH located in the cerebellum of brainstem, haemorrhages 

restricted to these locations were also excluded from the control group. 

Clinical data

In the prospective database, information on demographics, date of symptom 

onset and admission, baseline clinical manifestations, and risk factor profile is 

recorded on a case record form for each patient. For the retrospective cohort, 

this information was extracted from the medical records. We classified clinical 

outcome according to the modified Rankin Scale (mRS), a 7 point scale which 
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ranges from 0 (complete recovery) to 6 (dead). We defined good outcome as a 

mRS score of 0 or 1 at last follow-up. Unless the mRS had already been recorded 

at an earlier stage, patients from the retrospective period were contacted by 

telephone to determine the score on the mRS with a structured interview.10 

Evaluation of neuroimaging

All imaging results were re-examined by two board certified neuroradiologist 

(RvdB or CBM). The baseline NCCT was assessed for the presence and type of 

intracerebral haemorrhagic lesions. A JCH was defined as a small haemorrhage 

(largest diameter < 20 mm), located just below the cortex and exclusively in 

the white matter (see figure 1A for example). All intracerebral haemorrhages 

caused by CVT that did not fulfil these criteria were scored as “other intracerebral 

haemorrhage”. If a single patient had both a JCH and another type of intracerebral 

haemorrhage, it was classified as “other intracerebral haemorrhage”. Patients 

without haemorrhagic lesions, and those with only subdural or subarachnoid 

haemorrhages were excluded. We scored the total number of JCHs, the widest 

diameter, and the location of the thrombosis. The baseline NCCT scans of the 

control patients (intracerebral haemorrhage, but no CVT) were scored for the 

presence of a JCH.

Histopathologic analysis

Autopsy was performed on a patient with CVT who had a JCH and who died of 

central transtentorial herniation. Fixed coronal brain sections were embedded 

in paraffin, and whole-mount 6 μm thick sections were made. Slices were stained 

for hematoxylin-eosin, Klüver-Barrera and Elastic van Gieson.

Statistical analysis

We analysed categorical data with the X2 test and continuous data with a Mann–

Whitney test. All data were analyzed with SPSS, version 20.

Results

Patient selection and baseline clinical data

Between July 2006 and December 2010, 70 patients with CVT were included 

in the prospective registry and 44 cases admitted between 2000 and 2006 
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were identified retrospectively. From these 114 patients, 61 were excluded 

because they had no haemorrhagic lesion at baseline (n=47), or were younger 

than 12 (n=14). Thus, 53 patients with CVT and cerebral haemorrhages were 

retained in the study. Fourteen (26%) of them fulfilled the criteria for a JCH and 

the remaining 39 had other types of haemorrhages. There were no significant 

differences in age, duration of symptoms to diagnosis, and sex ratio between 

patients with a JCH and those with other types of intracerebral haemorrhage 

(table 1). Papilloedema was significantly more common among patients with a 

JCH (44% vs. 9%, p=0.01). Other baseline clinical characteristics or risk factors 

did not differ significantly.

Table 1 Baseline characteristics

JCH
n=14

Other ICH
n=39 P-value

Baseline clinical symptoms

 Age (median, IQR) 35 (25-47) 40 (35-51) NS

 Duration symptom onset – diagnosis (days, IQR) 3 (1-7) 3 (1-4) NS

 Sex (% females) 79% 77% NS

 Glasgow Coma Scale (IQR) 11 (5-15) 13 (8-15) NS

 Headache 93% 79% NS

 Focal neurological deficit 80% 51% NS

 Papilledema 44% 9% 0.01

 Seizure(s) 31% 39% NS

Risk factors

 Oral contraceptives* 100% 74% NS

 Pregnancy or puerperium* 9% 10% NS

 Genetic thrombophilia 30% 30% NS

 Inflammatory bowel disease 0% 8% NS

 Previous thrombosis 7% 13% NS

 Malignancy 0% 13% NS

JCH = juxtacortical hemorrhage, ICH = intracerebral hemorrhage, IQR = interquartile range, NS = not 
significant. *Percentage of women.

Cerebral imaging

All patients except one with a JCH had a thrombosis of the superior sagittal sinus, 

compared to 49% of patients with other kinds of intracerebral haemorrhage 

(p=0.004, table 2). Distribution of thrombosis of the other sinuses did not differ 

significantly between the groups, although thrombosis of the right lateral 

sinus was more common among patients with a JCH (p=0.06). The majority 

of patients with a JCH had multiple haemorrhages, with a median number 
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of two JCHs per patient (IQR 1-5). One patient had 19 different JCHs across 

both hemispheres (figure 1B). In four of the 14 patients (29%) JCHs occurred 

bilaterally and most JCHs were located in the frontal and parietal lobes. The 

median diameter of the JCHs was 9 mm (IQR 7-12 mm). Figure 1 depicts several 

examples of JCHs on axial NCCT images, showing that these haemorrhages are 

confined to the juxtacortical white matter and that they follow the curvature 

of the cortex. A juxtacortical location near the bottom of a sulcus results in a 

characteristic concave shape, resembling a cashew nut (see examples in figure 

1A, C and D). If the haemorrhage is situated in a gyrus, it usually appears more 

round or elongated (figure 1B). Unlike larger haemorrhagic venous infarcts, 

JCHs generally have little or no surrounding oedema and do not cause cerebral 

displacement.

Table 2 Radiological findings

JCH
n=14

Other ICH
n=39 P-value

Location thrombosis

 Superior sagittal sinus 93% 49% 0.004

 Left lateral sinus* 43% 39% NS

 Right lateral sinus* 64% 33% 0.06

 Straight sinus 43% 21% NS

 Deep venous system$ 21% 15% NS

Significant mass effect 0% 62% <0.001

Characteristics JCH

Number of JCH per patient (median, IQR) 2 (1-5) — NA

Multiple JCH (%) 64% — NA

Bilateral JCH (%) 29% — NA

Diameter JCH (median mm, IQR) 9 (7-12) — NA

Location JCH

 Frontal lobe 54% — NA

 Parietal lobe 43% — NA

 Occipital lobe 2% — NA

 Temporal lobe 2% — NA

JCH = juxtacortical hemorrhage, ICH = intracerebral hemorrhage, IQR = interquartile range, NS = not 
significant, NA = not applicable. *Includes sigmoid and transverse sinus. $thrombosis of one of the 
following veins: internal cerebral veins, great cerebral vein of Galen, or basal vein of Rosenthal.

Findings at autopsy

Autopsy was performed on a 32 year old woman who was initially admitted with 

headache and vomiting due to a thrombosis of the superior sagittal sinus. After 
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2 days she clinically deteriorated and became comatose, and was transferred 

to our hospital for endovascular treatment. Despite a technically successful 

procedure, the patient died due to progressive generalized cerebral oedema 

and central transtentorial herniation.

Figure 1 Juxtacortical hemorrhages in cerebral venous thrombosis

Axial non contrast-enhanced CT images of CVT patients with juxtacortical hemorrhages (JCHs). A: single 
JCH located in the parietal lobe of the left hemisphere. The hemorrhage is located in the white matter 
and follows the curvature of the cortex. B: multiple bilateral JCHs of different shapes. Some are curved, 
others are linear or round. C: JCH in the left hemisphere. The hypodense aspect of the surrounding 
tissue indicates edema. This patient also had right-sided sulcal subarachnoid hemorrhage. D: Single JCH 
in the right hemisphere, similar in shape and size to A.

The brain was oedematous, with flattened gyri and localized subarachnoid 

haemorrhages. The brain surface showed congested veins mainly over the 

right parietal lobe. The superior sagittal sinus contained several smaller thrombi 
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attached to the vessel wall, but the sinus was not completely blocked. The 

cut surface of the brain after routine fixation showed a cashew nut shaped 

haemorrhage in the region of the U-fibres (figure 2). Microscopic examination 

did not reveal a blood vessel or material from a vessel wall in the JCH. In addition 

several isolated small cortical haemorrhages were present. Throughout the 

brain, but mainly in the parietal occipital area, several venous thrombi were 

found. In the area with the JCH shown in figure 2 (see page 66), the superficial 

cortical vein was partially occluded by a thrombus over a longer distance. 

Treatment and follow-up

Nearly all patients with CVT were treated with anticoagulation, in agreement with 

international guidelines (table 3). In addition, a significant minority underwent 

endovascular thrombolysis or decompressive hemicraniectomy, indicating 

severity of the condition in patients with CVT and a cerebral haemorrhage. 

Data on clinical outcome at follow-up were available for all but one patient. 

Nine patients were contacted by telephone to determine clinical outcome. The 

median duration of follow-up did not differ between the groups. At last follow-

up, 64% of patients with a JCH had a good clinical outcome, compared to 45% 

of patients with another type of intracerebral haemorrhage (p>0.1). Mortality 

did not differ significantly between the groups.

Table 3 Treatment and outcome

JCH
n=14

Other ICH
n=39 P-value

Duration of admission (days, IQR) 14 (5-34) 9 (4-20) NS

Anticoagulation 93% 87% NS

Endovascular thrombolysis 43% 23% NS

Decompressive hemicraniectomy 7% 28% NS

Clinical outcome

 Duration of follow-up (months, IQR) 13 (4-68) 9 (5-60) NS

 mRS 0-1 64% 45% NS

 Mortality 14% 26% NS

JCH = juxtacortical hemorrhage, ICH = intracerebral hemorrhage, IQR = interquartile range, NS = not 
significant.

Specificity of juxtacortical haemorrhages for cerebral venous thrombosis

The control group of patients of similar age with an intracerebral haemorrhage 

not related to CVT consisted of 196 patients. Sixty-six patients (34%) had a lobar 
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hematoma and in the remaining patients the hematoma was located in the 

basal ganglia or deep white matter. Sixty-three patients (32%) had extension 

of the haemorrhage into the ventricles. Three of the 196 control patients (2%) 

had a haemorrhage which fulfilled the criteria for a JCH as defined above.  

Therefore, the specificity of a JCH for CVT is 1-(3/196) = 0.98 (95% CI 0.95 – 1.0). 

The sensitivity is of course low: 0.26 (95% CI 0.16 – 0.41).

Representative cerebral images of the 3 control patients are shown in figure 3. 

The first patient was a 58-year old woman with an acute left sided hemiparesis 

due to an intracerebral haemorrhage in the right hemisphere (figure 3A). 

Conventional angiography showed a small arteriovenous malformation, which 

was treated with embolization. The second patient was a 58-year old man with 

a history of hypertension who had suffered from an episode of amnesia, initially 

interpreted as a transient global amnesia. CT scan of the brain showed a small 

right-sided JCH (figure 3B). Despite ancillary investigations, an underlying 

cause of the haemorrhage was not identified. The third patient, a 49-year old 

woman with a history of breast cancer, developed acute weakness of the left 

arm and leg. CT scan of the brain showed a JCH in the right hemisphere and 

the patient was diagnosed with a haemorrhagic stroke (figure 3C). Follow-up 

MRI was performed 2 weeks later to rule out metastatic disease, which was not 

identified. Re-evaluation of these images during the current study, however, 

clearly showed a hyperintense signal in the superior sagittal sinus both on T1 

and T2 weighted images, indicating cerebral venous thrombosis was the cause 

of the haemorrhage (figure 3D).

Discussion

This is the first report on juxtacortical haemorrhages in cerebral venous 

thrombosis. Our data indicate that small juxtacortical haemorrhages are 

a characteristic feature of cerebral venous thrombosis and that these 

haemorrhages are rarely encountered in other conditions. 

An unexpected result of our study is that JCHs are significantly associated with 

thrombosis of the superior sagittal sinus. This characteristic may provide an 

insight into the origin of these haemorrhages. The venous drainage of the brain 
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Figure 3 Juxtacortical hemorrhages in control patients

Three patients from the control group (i.e. without CVT) had a hemorrhage indistinguishable from 
a JCH. A: axial NCCT of a 58 year old woman with a right sided intracerebral hemorrhage due to an 
arteriovenous malformation. B: axial NCCT of a 58 year old man with a right-sided hemorrhage of 
unknown origin. C: axial NCCT of a 49 year old woman with a JCH in the right hemisphere initially 
interpreted as a hemorrhagic stroke. D: axial T1 weighted MRI of the same patient as in C, which 
shows a hyperintense signal in the superior sagittal sinus (arrow), indicating CVT was the cause of the 
hemorrhage. 

An unexpected result of our study is that JCHs are significantly associated with 

thrombosis of the superior sagittal sinus. This characteristic may provide an 

insight into the origin of these haemorrhages. The venous drainage of the brain 

is anatomically divided into a deep and a superficial system.11, 12 The superficial 

system drains blood from the cortex and the outer 1 or 2 centimetres of white 

matter (figure 4). Blood is collected in subcortical and intracortical veins and 

subsequently transported through pial veins towards cortical veins. Cortical 

veins mainly drain into the superior sagittal sinus. The area of drainage of the 
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subcortical veins coincides with the location of the JCHs. These subcortical veins 

are subdivided into 3 segments, one of which is the arcuate segment.13  These 

arcuate veins run parallel to the arcuate fibres (U-fibres) in the white matter and 

thus follow the curvature of the cortex, similar to the JCHs. Both the location 

and the shape of JCHs coincide with these arcuate segments of the subcortical 

veins. Therefore, it seems likely that this is the anatomical origin of JCHs in CVT. 

To explain the pathophysiology of JCHs we need to know why thrombosis of the 

superior sagittal sinus causes haemorrhages to occur at this specific location. 

Thrombosis of the superior sagittal sinus causes an outflow restriction of the 

superficial venous drainage of the brain, which leads to an increase in pressure 

in the more proximally located veins. One possibility could be that the arcuate 

segments of the subcortical veins differ anatomically from other parts of the 

superficial drainage system, which may make them more susceptible to rupture 

in response to increased pressure. We did not find any data which support this 

hypothesis in the literature on the anatomy of the cerebral venous system. 

An alternative explanation is that the veins in the cortex are more resistant to 

rupture because the cortex itself has a more dense structure, which may provide 

resistance against the increased pressure inside the veins. In contrast, the white 

matter may have a looser structure, making veins in the white matter the weakest 

link in the superficial venous system, and hence the most susceptible to rupture. 

A third possibility is that the actual site of the haemorrhage is the anastomotic 

medullary veins that connect the superficial and deep venous systems. The 

existence of these anastomotic veins has been shown in several studies.14-16 

Indeed, if anastomotic veins did not exist, thrombosis of the superior sagittal 

sinus with occlusion of cortical veins would cause a complete arrest of the blood 

flow in the cortex, which would cause more extensive neurological deficits 

than is generally seen in patients with CVT. Restriction in outflow through the 

superficial system results in recruitment of the anastomotic veins, and hence to 

an increased pressure in these veins. A paucity of anastomotic veins has been 

associated with a larger increase in diameter in response to a local increase in 

pressure.17, 18 Data from a rat model of CVT suggest that the extent of the venous 

collateral circulation is an important factor in determining whether occlusion 

of the superior sagittal sinus leads to parenchymal damage.19 Hence, one could 

hypothesize that the smaller the number of anastomotic veins, the more likely 

they are to rupture as a result of thrombosis of the superior sagittal sinus. 
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Figure 2 Neuropathological findings

Macroscopic coronal section of the brain showing a concave shaped JCH, located in the left hemisphere 
(arrow). Small cortical petechial hemorrhages are also present (arrowhead).

In our cohort of patients with CVT, a JCH at baseline was not uncommon 

(14 out of the original 114 patients, 12%). It is, however, unlikely that this 

percentage is representative for CVT patients in general. As a tertiary referral 

hospital, we receive patients in a severe clinical condition, who more often 

have an intracerebral haemorrhage. The sensitivity of a JCH is anyhow too low 

to exclude the diagnosis of CVT. More interesting is its high specificity (98%) 

in non-traumatic, non-aneurysmatic cerebral parenchymal haemorrhage in 

patients under the age of 60. Of the 196 control cases with an intracerebral 

haemorrhage but no CVT, only three had a JCH. The fact that, on reassessment, 

one of these three patients was found to have CVT further strengthens our 

conclusion: if a small JCH is found on a standard NCCT scan in a patient under 

the age of 60, CVT is by far the most likely diagnosis. 
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Figure 4 Anatomy cerebral venous system

Coronal illustration of the left cerebral hemisphere through the region of the foramen of Monro 
depicting the normal superficial and deep venous systems. The superficial venous system consists 
of intracortical and subcortical veins. Asterisks mark the arcuate segments of the subcortical veins. 
Connections between the superficial and deep system may occur through anastomotic medullary 
and transcerebral veins. Black arrows show the direction of blood flow. V= vein; vv=veins. ©2007 Lydia 
Gregg. This figure was previously published in Pearl et al (Pearl, Gregg, and Gandhi2011). Reproduced 
with permission from the copyright holder.

The baseline clinical condition of our patients with a JCH was similar to those 

with other types of intracerebral haemorrhage caused by CVT. This is surprising 

since, by definition, the volume of the haemorrhagic lesions was much larger 

in the latter group. In addition, larger haemorrhagic infarcts in CVT are usually 

accompanied by significant vasogenic oedema which often results in brain 

tissue displacement. Thus, one would expect patients with a JCH to be in a better 

clinical condition compared to those with larger haemorrhages. The fact that 

this is not the case is consistent with the hypothesis that the presence of JCHs 
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signifies poor collateral venous pathways. The higher frequency of papilledema 

in CVT patients with a JCH in our study also points in this direction. Indeed, some 

studies have suggested a pivotal role of the failure of venous collaterals and the 

development of severe neurological deficits.20-22

In conclusion, we have shown that small juxtacortical haemorrhages are 

characteristic for cerebral venous thrombosis and associated with thrombosis 

of the superior sagittal sinus. Physicians should be aware that the finding of 

a juxtacortical haemorrhage indicates that cerebral venous thrombosis is the 

most likely diagnosis. 
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Abstract

Objective: Isolated cortical vein thrombosis (ICVT) is a distinct subtype of 

cerebral venous and sinus thrombosis (CVT). Due to the rarity of ICVT, limited 

knowledge on its clinical and radiological manifestations is available. 

Methods: We performed a systematic review of published data on ICVT. ICVT 

had to have been diagnosed by MRI, conventional angiography, CT-venography, 

autopsy, or surgery. Cases with concurrent thrombosis of a cerebral sinus were 

excluded. 

Results: Out of 140 potentially relevant studies, 40 were included in the analysis, 

reporting a total of 104 patients. All studies were retrospective case reports 

and case series. Mean age was 40 and 68% were female. The most common 

symptoms were headache (71%), seizures (57%) and focal neurological deficits 

(58%). Papilledema was not reported in any patient and increased cerebrospinal 

fluid pressure was reported only in 2 patients. Infection (20%), lumbar puncture 

(16%), pregnancy or puerperium (34% of women), and oral contraceptive use 

(22% of women) were the most frequently identified risk factors. Most cases 

(71%) were diagnosed with MRI, but conventional angiography was also 

performed in 45%. On imaging, 83% had a parenchymal brain lesion and in 

21% subarachnoid hemorrhage was present. 79 % of all patients were treated 

with anticoagulation. Mortality at discharge was 7%. 

Conclusions: Signs of increased intracranial pressure are less common in ICVT 

compared to CVT. MRI and in some cases conventional angiography are the 

most frequently used diagnostic modalities and, similar to CVT, anticoagulation 

is the most widely used therapy.
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Introduction

Thrombosis of the cerebral cortical veins is usually seen in conjunction with 

thrombosis of a major cerebral sinus (cerebral venous and sinus thrombosis, 

CVT).1, 2 The syndrome of isolated cortical vein thrombosis (ICVT), i.e. without 

thrombosis a cerebral sinus, is exceptionally rare and has been reported only 

in case reports and small case series. Because of the paucity of scientific data, 

little is known about its clinical manifestations, treatment and outcome. The 

diagnosis of ICVT is difficult, not only because of its rarity, but also because – 

unlike the cerebral sinuses – the anatomy of the cortical veins is variable.3 Due 

to these difficulties, there is often a delay in the diagnosis, or patients are initially 

misdiagnosed, sometimes with severe consequences.4 The aim of the current 

study was to perform a systematic review of published cases on ICVT. 

Methods

We searched Medline and EMBASE (both until July 1st 2013) for publications 

on ICVT, using the search terms ‘cortical vein thrombosis’ and ‘cortical venous 

thrombosis’. Potentially relevant publications were selected for full length 

review. We screened reference lists of included papers for additional relevant 

studies. Only papers with original data were eligible. ICVT had to have been 

diagnosed by MRI, conventional angiography, CT-venography, or at surgery or 

autopsy. Cases with concurrent thrombosis of a cerebral sinus or with isolated 

thrombosis of the deep venous system were excluded. Studies describing 

both CVT and ICVT cases were included only if the required data from the ICVT 

patients could be extracted. Papers written in English, French, German, Spanish, 

Portuguese, or Dutch were eligible. Publications in other languages were only 

selected if they had an English abstract with sufficient data for our analysis. 

From each publication, we extracted information on demographics, clinical 

manifestations, risk factors, ancillary investigations, treatment, and outcome. 
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Results

We identified 898 publications, of which we selected 140 potentially relevant 

papers for full length review. Of these, 40 papers fulfilled the inclusion criteria. 

All studies were retrospective case reports or case series, describing 1 to 32 

cases per publication (supplemental table and references). In total, we found 

104 patients with ICVT. The clinical characteristics and risk factors are shown 

in table 1. The mean age was 40 and 68% of patients were female. The mean 

interval from symptom onset to diagnosis was 12 days (median 6 days). Seventy-

one percent of patients reported headache, 57% suffered from seizures, and 

focal neurological deficits were found in 58%. Fundoscopy was performed in 

45 patients; none of these patients had papilledema. Oral contraceptive use 

and pregnancy (including puerperium) were the most frequently identified 

thrombotic risk factors, reported in 22% and 34% of women respectively. Other 

risk factors were infection (20%) and lumbar puncture (16%).

Table 1: Clinical characteristics and risk factors

Characteristic n/N (%)a

Demographics

Mean age (SD)b 40 year (17)

Sex (% female) 49/72 (68%)

Clinical characteristics

Mean duration symptom onset – diagnosis (SD)c 12 days (29)

Mean duration admission – diagnosis (SD)d 8 days (25)

Headache 45/63 (71%)

Papilledema 0/45 (0%)

Seizures 59/104 (57%)

Focal neurological deficit 60/103 (58%)

Comatose 2/93 (2%)

Risk factors

Oral contraceptive use (% of women) 8/37 (22%)

Pregnancy or puerperium (% of women) 14/41 (34%)

Infection 18/89 (20%)

Genetic thrombophilia 10/102 (10%)

Lumbar puncture 13/80 (16%)

Malignancy 5/103 (5%)

aCategorical variables are given as n/N, where n is the number of patients in which the variable was 
present and N the total number of patients for which that particular variable was reported. The 
percentage is given between brackets. bCalculated from data of 72 patients. cCalculated from data of 36 
patients. dCalculated from data of 37 patients.
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Almost all patients underwent MRI of the brain (table 2). In 71% of patients 

MRI established the diagnosis of ICVT. Conventional angiography was 

performed 45%. Thirteen patients (22%) underwent lumbar puncture as part 

of the diagnostic work-up. Cerebrospinal fluid (CSF) pressure was reported in 

11 and only 2 cases had an increased pressure. Both these patients also had 

large cerebral lesions with mass effect.5 Eighty-three percent of patients had 

a parenchymal brain lesion at imaging: hemorrhagic (hemorrhagic infarct 

or intracerebral hemorrhage) in 47% and localized edema in 38%. In 21% of 

patients localized subarachnoid hemorrhage was present.

Table 2: Ancillary investigations, treatment and outcome

Characteristic n/N (%)a

Ancillary investigations performed

CT-scan 40/94 (43%)

MRI 92/94 (98%)

Conventional angiography 30/66 (45%)

Lumbar puncture 13/59 (22%)

Increased ICP (of patients who underwent LP)b 2/11 (18%)

Radiological findings

Hemorrhagic lesionc 34/72 (47%)

Cerebral edema 27/72 (38%)

Any parenchymal brain lesiond 59/71 (83%)

Bilateral parenchymal lesions 2/54 (4%)

Subarachnoid hemorrhage 13/63 (21%)

Treatment and outcome

Anticoagulation 75/95 (79%)

Anti-epileptic drugs 32/63 (51%)

Endovascular thrombolysis 0/95 (0%)

Decompressive craniectomy 4/96 (4%)

Mortality at discharge 7/103 (7%)

aCategorical variables are given as n/N, where n is the number of patients in which the variable was 
present and N the total number of patients for which that particular variable was reported. The 
percentage is given between brackets. bIn 2 patients who underwent lumbar puncture, the ICP was not 
measured. cHemorrhagic infarct or intracerebral hemorrhage. dDefined as localized edema, hemorrhagic 
infarct, or intracerebral hemorrhage. ICP = intracranial pressure.

Most patients (79%) were treated with anticoagulation (table 2). Four percent 

underwent decompressive craniectomy because of impending cerebral 

herniation. Endovascular thrombolysis was not performed in any patient. The 

mortality at discharge was 7%. 
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Discussion

This is the first systematic review of the literature on isolated cortical vein 

thrombosis. Comparison of our data to the International Study on Cerebral 

Vein and Dural Sinus Thrombosis (ISCVT) shows that the demographics and 

clinical manifestations of ICVT largely coincide with those of CVT.6 However, 

papilledema, a sign of increased intracranial pressure, was not reported in any 

patient with ICVT, compared to 28% of patients with CVT (p<0.001). Headache 

was also less common in ICVT (71 vs. 89%, p<0.001), although still present in most 

cases. The almost invariable presence of headache in CVT is partly explained by 

intracranial hypertension in this condition. Since in ICVT the venous outflow 

through the large sinuses is not affected, intracranial hypertension is not likely 

to occur. The absence of papilledema in these cases and the lower frequency 

of headache supports this hypothesis. Furthermore, in older studies among 

patients with CVT – when lumbar puncture was still routinely performed – 

increased CSF pressure was a very common finding.7 Among patients with ICVT, 

however, only 2/11 patients had increased CSF pressure. Both these patients 

had a large venous infarct which might explain the increased CSF pressure.

A parenchymal brain lesion (localized edema, hemorrhagic infarct, or 

intracerebral hemorrhage) was present in the majority of patients with ICVT 

(83%), more often than in patients with CVT (63%, p<0.001).6 This is in agreement 

with the idea that the causative mechanism for venous (hemorrhagic) infarcts 

is thrombosis of cortical veins, since not all patients with CVT have thrombosis 

of a cortical vein.8 On the other hand, the high frequency of venous infarcts 

in ICVT could also be the result of selection bias, since case reports tend to 

describe more severe cases. Also, without such infarcts the diagnosis ICVT is 

even more difficult. Patients without visible brain lesions and thus with less 

severe neurological symptoms, may be misdiagnosed more often and even be 

missed altogether.

The risk factors identified in patients with ICVT are similar to those of CVT 

cases.6 Unexpectedly, however, we found a high number of patients (13) who 

developed ICVT after lumbar puncture. In the majority of these cases, this was 

the result of accidental dural puncture following epidural anesthesia. Neurologic 

complications, such as CVT or ICVT, are the most feared complication of epidural 
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anesthesia and thus they are probably overrepresented as case reports in the 

literature. A genuine higher risk of ICVT, as compared to CVT, after lumbar 

puncture is unlikely.

Diagnosing ICVT is difficult, as can be deducted from the long interval from 

admission to diagnosis and the wide range of ancillary investigations performed. 

Notably, CT-venography, which is an accepted method for diagnosing CVT, was 

rarely used. MRI was the most frequently used imaging method, especially in 

more recent studies. When MRI is performed, a T2* gradient echo sequence 

should be included, since this is the most sensitive technique to demonstrate 

the presence of a thrombus in a cortical vein.3 In difficult cases, however, even 

MRI can be non-diagnostic, and conventional angiography may still be required.

In the absence of data on the treatment of patients with ICVT, it seems prudent 

to extrapolate the guidelines on the treatment of CVT.9 Anticoagulation with 

therapeutic doses of heparin therefore appears to be the primary treatment, 

which was indeed used in most patients in our review. In rare cases where 

impending herniation occurs, decompressive craniectomy should be performed, 

similar to CVT 10. Endovascular thrombolysis does not seem an option since the 

cortical veins cannot be reached with a microcatheter without a high risk of 

perforation. The early mortality of 7% in the published cases is similar to the 

mortality in CVT (4.3% in the ISCVT study). 

In conclusion, our systematic review shows that signs of increased intracranial 

pressure are less common in isolated cortical vein thrombosis compared to CVT, 

while localized cerebral edema or hemorrhagic lesions are more frequent in ICVT. 

MRI and conventional angiography are the most frequently used diagnostic 

modalities and, similar to CVT, anticoagulation is the most widely used therapy.
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Supplemental table: study characteristics

First author Year of 
publication

Nr. of 
patients* 

Mode of 
diagnosis

Selection of specific patients

Ishiwata 1 1985 1 DSA None

Milandre 2 1989 1 DSA None

Yokota 3 1990 1 DSA None

DiNubile 4 1990 9 DSA, autopsy 
or surgery

Sepsis related

Chang 5 1995 1 DSA None

Vuillier 6 1996 1 DSA Genetic thrombophilia

Jacobs 7 1996 4 DSA None

Derdeyn 8 1998 1 DSA Ulcerative colitis

Rudolf 9 1999 1 Surgery None

Park 10 1999 1 DSA None

Minadeo 11 1999 1 MRI None

Stocks 12 2000 1 MRI Pregnancy and epidural anesthesia

Ahn 13 2003 1 MRI None

Chang 14 2004 3 MRI Subarachnoid hemorrhage present

Duncan 15 2005 1 DSA None

Rubí 16 2005 1 MRI None

Urban 17 2005 4 MRI or DSA None

Sagduyu 18 2006 32 MRI None

Lai 19 2007 1 MRI Spontaneous intracranial hypotension

Katzin 20 2007 1 CT-venography Pregnancy and epidural anesthesia

Richard 21 2007 1 MRI Spontaneous intracranial hypotension

Wang 22 2007 1 DSA Spontaneous intracranial hypotension

Chakraborty 23 2008 1 MRI None

Sharma 24 2009 1 MRI None

Boukobza 25 2009 8 MRI None

Albayram 26 2009 1 MRI Epidural anesthesia

Thamburaj 27 2009 1 MRI Leukemia

Sasidharan 28 2009 1 MRI None

Bittencourt 29 2009 1 MRI Subarachnoid hemorrhage present

Sinha 30 2010 1 MRI After lumbar puncture

Yildiz 31 2010 3 MRI Epidural anesthesia

Morris 32 2010 1 DSA Subarachnoid hemorrhage present

Oda 33 2011 3 MRI or DSA Subarachnoid hemorrhage present

Rathakrishnan 34 2011 5 MRI or DSA None

Fiala 35 2012 1 MRI Pregnancy and epidural anesthesia

Xue 36 2013 3 MRI None

Laverse 37 2013 1 MRI Pregnancy and epidural anesthesia

Khosravi 38 2013 1 MRI None 

Hamamoto 39 2013 1 DSA Sickle cell disease

Adatia 40 2013 1 MRI After lumbar puncture

*Only the number of patients with ICVT is provided. The original publication may describe additional 
patients. DSA = digital substraction angiography
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Abstract

Objective: Cerebral venous thrombosis (CVT) is nowadays considered a disease 

with a good outcome in most cases, but in the past these patients were believed 

to have a grave prognosis. We systematically studied the apparent decline in 

mortality of patients with CVT over time. 

Methods: Systematic review of the literature (Medline and Embase). Studies with 

40 patients with CVT or more that reported mortality at discharge or follow-up 

were eligible. Duplicate publications based on the same patient cohort were 

excluded. Studies were ranked according to the year halfway the period of 

patient inclusion. Two of the authors independently screened all eligible studies. 

Results: We screened 4.585 potentially eligible studies, of which 74 fulfilled 

the selection criteria. The number of patients per study varied from 40 to 706 

(median 76). Data from 8.829 patients with CVT, included from 1942 to 2012, 

were analyzed. The average age was 32.9 years and 64.7% were women. There 

was a significant inverse correlation between mortality and year of patient 

recruitment (Pearson’s correlation coefficient -0.72, p<0.001). In a sensitivity 

analysis the correlation remained significant after exclusion of studies published 

before 1990, retrospective studies, or single-center studies. Both the frequency 

of focal neurological deficits and coma also decreased significantly over time 

(correlation coefficient -0.50 and -0.52, respectively). 

Conclusions: There is a clear trend in declining mortality among patients with 

CVT over time. Possible explanations are improvements in treatment, a shift 

in risk factors, and, most importantly, the identification of less severe cases by 

improved diagnostic methods. 
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Introduction

Cerebral venous thrombosis (CVT) is a rare type of stroke that mainly affects young 

adults and children.1-3 In the past, CVT was believed to carry a poor prognosis 

and the majority of patients did not survive.4 In recent studies, however, the 

prognosis appears to be much more favorable. In the ‘International study on 

cerebral vein and dural sinus thrombosis’ (ISCVT), mortality at discharge was 

only 4.3%.5 A multi-center study from Pakistan found a similar mortality of 5%.6 

We performed a systematic review of the literature to examine the apparent 

decline in mortality of CVT over time and to identify possible causes.

Methods

Search strategy

We searched Medline and EMBASE databases for publications on CVT up until 

April 1st 2013 using the following search term: (sinus*[TI] AND thrombosis[TI]) 

OR (thrombosis[TI] AND cerebral[TI] AND (venous[TI] OR vein*[TI] OR 

sinus*[TI])) OR (“Sinus Thrombosis, Intracranial”[MESH]) OR (intracranial[TI] 

AND thrombosis[TI]). In order to identify older case series, we also screened 

books and monographs on CVT. Furthermore, we cross-checked the reference 

lists of eligible studies to find additional studies. The entire screening process 

was performed independently by two of the authors (JMC and SMZ). If there 

was no consensus, the third author (JS) made the final decision to include or 

exclude a study.

Study selection

Studies were eligible if they reported 40 patients with CVT or more and provided 

mortality data at discharge or follow-up for at least 80% of patients. Only studies 

with original data were included. Both adult and pediatric (including neonatal) 

series were eligible. We took care to exclude duplicate publications based on the 

same patient cohort (more than 50% overlap). Patient cohorts with a selection 

bias towards mortality (autopsy series) or survival (e.g. studies on long-term 

complications) were excluded. We also excluded studies based on national 

hospital population databases, because of lack of verification of the source data. 

Publications written in the following languages were eligible: English, French, 
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German, Spanish, Portuguese, and Dutch. Publications in other languages were 

eligible if they had an English abstract that contained sufficient data. We initially 

screened the title and abstract of all papers identified by the primary search. 

Publications that were potentially eligible were analyzed in full detail.

Statistical analysis

We extracted data on study design, demographics, baseline clinical 

manifestations, risk factors, ancillary investigations, treatment, and outcome 

from all eligible publications. Studies were ranked according to the year halfway 

the period of patient inclusion. If no time span was reported, we assumed a 

period of inclusion of 10 years prior to the year of publication. Based on the 

country of origin of the corresponding author, we classified studies as coming 

from high (high or upper middle) or low (lower middle or low) income countries, 

using the definition of the World Bank (http://data.worldbank.org). We used 

Pearson’s correlation to analyze trends in mortality over time. We used the 

mortality at discharge, or, if this was not reported, the mortality at follow-up. 

Sensitivity analyses on change in mortality over time were performed including 

only prospective studies, multi-center studies, studies published after 1990, 

studies from high-income countries, and studies with only adult patients. To 

identify potential explanatory factors for the decline in mortality, we analyzed 

the change in frequency over time of the following variables: age, coma, focal 

neurological deficits, seizures, intracerebral hemorrhage, infection related CVT, 

malignancy related CVT, traumatic CVT and oral contraceptive us. All data were 

analyzed with SPSS, version 20. 

Results

Study characteristics

Our search identified 4585 articles, of which 178 were potentially eligible 

(figure 1). Of these, 104 studies were excluded, mostly because of redundant 

data (n=31) or because data on mortality were lacking (n=45). Thus, 74 studies 

were included in the analysis, with data of 8.829 patients with CVT recruited 

between 1942 and 2012 (supplemental table). The number of patients per study 

varied between 40 and 706 (median 76, interquartile range [IQR] 56-138) and 

the duration of inclusion varied between 1 and 48 years (median 10, IQR 5-13). 
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Sixteen (22%) studies were prospective and 29 (39%) were multi-center. Studies 

originated mostly from India (15), United States (8) or Germany (6). Seventeen 

studies were performed in low or lower middle income countries. Nineteen 

studies reported on a selected category of patients, namely pregnant women (9 

studies), children (7 studies, of which 3 included neonates only), patients treated 

with thrombolysis (2 studies) and patients with Behcet’s disease (2 studies).

Figure 1: Flowchart of study selection

Iden%fied	  by	  primary	  search	  
(n	  =	  4585)	  

Not	  relevant	  
(n	  =	  4407)	  

Review	  full	  length	  ar%cle	  
(n	  =	  178)	  

Excluded	  (n	  =	  104)	  
-‐ 	  Less	  than	  40	  pa%ents	  (n=8)	  
-‐ 	  Mortality	  not	  reported	  (n=45)	  
-‐ 	  Duplicate	  publica%on	  (n=31)	  
-‐ 	  Other	  reason	  (n=20)	  

Included	  in	  analysis	  
(n	  =	  74)	  
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Baseline characteristics and treatment

The average age of patients was 32.9 years and 64.7% were women (table 1). 

There were 645 pediatric cases (12.1%). The most common symptoms at baseline 

were headache (77.2%), seizures (42.7%) and focal neurological deficits (39.9%). 

15.6% of patients were comatose at admission and an intracranial hemorrhage 

was present in 34.6%. Oral contraceptive use (34.2% of women) and pregnancy/

puerperium (32.8% of women) were the most common risk factors. The 

majority of patients (71.8%) were treated with anticoagulation. Endovascular 

thrombolysis was performed in 9.2% and decompressive craniotomy in 3.6% 

of patients.

Table 1: baseline characteristics, risk factors and treatment

Characteristic n/N (%)a

Demographics

Ageb 32.9 years

Female sex 5.328 / 8.239 (64.7%)

Children (including neonates) 645 / 5.312 (12.1%)

Clinical and radiological characteristics

Headache 4.833 / 6.262 (77.2%)

Focal neurological deficit 1.986 / 4.983 (39.9%)

Seizures 2.849 / 6.670 (42.7%)

Comatose 515 / 3.292 (15.6%)

Papilledema 1.735 / 5.073 (34.2%)

Intracranial hemorrhage 1.569 / 4.537 (34.6%)

Risk factors

Pregnancy or puerperiumc 1.503 / 4.587 (32.8%)

Oral contraceptive usec 1.238 / 3.625 (34.2%)

Infection 713 / 5.773 (12.4%)

Malignancy 287 / 5.670 (5.1%)

Trauma 125 / 4.774 (2.6%)

Therapy

Anticoagulation 5.348 / 7.438 (71.9%)

Endovascular thrombolysis 337 / 3.669 (9.2%)

Decompressive craniotomy 72 / 2.022 (3.6%)

aCategorical variables are given as n/N, where n is the number of patients in which the variable was 
present and N the total number of patients for which that particular variable was reported. The 
percentage is given between brackets. bRecalculated from data of 50 studies, including 6.462 patients. 
The average age was used or, if not reported, the median age. cFemale patients only.

Mortality

Seventy-one studies provided data on mortality at discharge, 23 at follow-up 
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and 20 studies reported both. The median duration of follow-up (reported in 18 

studies) was 14 months (IQR 3-31). There was a significant inverse correlation 

between mortality and year of patient recruitment (Pearson’s correlation 

coefficient -0.72, p<0.001, figure 2 and table 2). In the sensitivity analyses, 

exclusion of single-center studies, retrospective studies, studies from low-

income countries, and pediatric studies, essentially yielded similar results. 

After exclusion of studies published before 1990, there was still a significant 

correlation (Pearson’s correlation coefficient -0.51, p<0.001).

Figure 2: Relation between mortality and year of the study
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On the x-axis the year halfway of patient recruitment; on the y-axis the mortality (in percentage). Each 
red dot indicates a single study. 

Table 2: Correlation between mortality and year of study

Nr. of 
studies

Nr. of 
patients

Correlation 
coefficient

P-value

Primary analysis 74 8.829 -0.72 <0.001

Sensitivity analyses

Multi-center studies 29 4.676 -0.69 <0.001

Studies published after 1990 65 8.060 -0.51 <0.001

Studies from high-income countries 56 6.150 -0.70 <0.001

Prospective studies 16 2.686 -0.54 0.03

Studies with adult patients only 61 7.329 -0.76 <0.001

For each analysis the Pearson’s correlation coefficient between mortality and time (of the study) is 
shown.
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Potential explanatory factors

To examine which factors could explain the decline in mortality, we assessed 

the change in frequency of several parameters over time (table 3). Both the 

frequency of focal neurological deficits and coma decreased significantly over 

time (correlation coefficient -0.50 and -0.52, respectively). Trauma and infection 

related CVT also decreased over time, although the latter was not significant.

Table 3: Potential explanatory factors for the decline in mortality

Nr. of 
studies

Nr. of 
patients

Correlation 
coefficient

P-value

Agea 50 6.462 0.05 0.73

Coma 31 3.292 -0.52 0.003

Focal neurological deficits 48 4.983 -0.50 <0.001

Seizures 59 6.670 -0.06 0.66

Intracerebral hemorrhage 39 4.537 -0.28 0.12

Infection related CVT 44 5.773 -0.27 0.08

Malignancy related CVT 43 5.670 0.17 0.28

Traumatic CVT 40 4.774 -0.42 0.007

Oral contraceptive use 56 6.647 0.30 0.02

The Pearson’s correlation coefficient between time (of the study) and the potential explanatory factor is 
given. aThe average age was used or, if not reported, the median age.

Discussion

Our systematic review of the literature shows that the mortality of patients 

with CVT has substantially declined over time. There are a number of possible 

explanations for this finding. Part of the decline is probably the result of 

general improvement of hospital care. Similar trends in declining mortality 

have been found in other diseases, such as ischemic stroke7 and pulmonary 

embolism.8 However, the decline in mortality in CVT is too large to be solely 

explained by this factor. The factor that has probably contributed most to the 

decline in mortality is the improvement in radiological investigations. Prior 

to the invention of cerebral angiography, CVT could only be diagnosed with 

certainty at autopsy or surgery, which resulted in a selection bias of patients 

in a severe condition.9 Even after introduction of angiography, many cases 

probably still went unnoticed because of the laborious and invasive nature of 

the procedure. Now that MRI (including MR venography) and CT-venography 

have almost completely replaced cerebral angiography for the diagnosis of 
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CVT, milder cases – e.g. patients with isolated headache – are more frequently 

identified. This hypothesis is supported by our finding that the severity of the 

clinical condition of patients with CVT has also decreased over time (less coma 

and focal neurological deficits) and the increased incidence of CVT over time.3;10 

On the other hand, the fact that our analysis showed that the mortality of CVT 

continued to decrease in studies published after 1990, suggests that improved 

diagnostics only partially explains the decrease in mortality.

A third factor which probably contributed to the decline in mortality is a shift in 

risk factors. We found that both traumatic and septic CVT have decreased over 

time. The number of patients using oral contraceptives (obviously) increased. 

The latter group is known to have a better prognosis11, while sepsis related 

CVT cases have a worse prognosis.12 The final variable that may explain part 

of the decrease in mortality is the improved therapy for CVT. The introduction 

of anticoagulation, and later decompressive hemicraniectomy probably had a 

positive effect on the survival of patients.13;14

One of the strengths of our study is the very large number of patients with 

CVT that were included and the robustness of data collection. We used a broad 

search strategy and the entire screening process was performed independently 

by two people. The demographics, clinical manifestations and risk factors also 

suggest that our study included a sample of patients that is representative for 

CVT.5 One of the weaknesses of the study is that we could include only a limited 

number of old studies, which was partly due to the fact that we excluded studies 

with less than 40 patients. Because this could bias the results, we confirmed our 

findings in studies published after 1990. Unfortunately, the majority of studies 

did not provide mortality at follow-up and therefore there were insufficient data 

to analyze long term mortality. 

In conclusion, we have found a clear trend in declining mortality among patients 

with CVT over time, which is most likely explained by improvements in therapy, 

a shift in risk factors, and, most importantly, the identification of less severe 

cases.
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Supplemental table: Study characteristics and references of included studies

First Author Year of 
publication

Period of inclusion Country lead author Study 
design

Nr. of 
patients

Pai1 2013 2001-2010 India P / M 612

Qu2 2013 2002-2007 China R / S 62

Jalili3 2013 1997-2009 Iran R / S 62

Dentali4 2012 2002-2012 Italy R / M 706

Coutinho5 2012 2008-2010 The Netherlands R / M 94

Wasay6 2012 2001-2008 Pakistan R / M 204

Uzar7 2012 2008-2010 Turkey R / S 47

Kalita8 2012 1995-2011 India R / S 90

Sartori9 2012 1998-2007 Italy P / S 44

Misra10 2012 2005-2010 India P / S 66

Narayan11 2012 2002-2010 India P / S 428

Hinnell12 2012 1999-2009 Canada R / S 108

Chiquete13 2012 2010-2010 Mexico R / M 194

Ruiz-Sandoval14 2011 2002-2004 Mexico P / M 59

Kumral15 2011 1998-2010 Turkey R / S 220

Algahtani16 2011 1990-2010 Saudi Arabia R / M 111

Ashjazadeh17 2011 2000-2008 Iran R / S 124

Moharir18 2011 1992-2009 Canada P / M 104

Vembu19 2011 2000-2010 Kuwait R / S 71

Santos20 2011 2004-2007 Portugal R / S 49

Halesha21 2011 2005-2006 India R / S 50

Grunt22 2010 2000-2008 Switzerland P / M 65

Sahraian23 2010 2003-2008 Iran P / M 41

Aaron24 2010 1999-2009 India P / S 41

Putaala25 2010 1990-2008 Finland R / S 91

Jordan26 2010 2003-2007 Canada P / M 84

Rizzo27 2010 1996-2006 Italy R / S 40

Vieira28 2010 2001-2007 Portugal R / M 53

English29 2009 1995-2004 US R / S 61

Saadatnia30 2009 2001-2006 Iran R / M 162

Yesilot31 2009 1984-2006 Turkey R / S 68

Saadoun32 2009 1974-2006 France R / S 64

Damak33 2009 1997-2006 France P / S 62

Li34 2009 1998-2008 China R / S 168

Khealani35 2008 1991-2007 Pakistan R / M 109

Nagaraja36 2008 2005-2006 India R / S 60

Wasay37 2008 1991-2001 US R / M 182

Wasay38 2008 1992-2001 US R / M 70

Libourel39 2007 1999-2006 The Netherlands R / S 63

Nagaraja40 2007 2003-2005 India R / S 96

Dindagur41 2006 1995-2005 India R / S 172

Gosk-Bierska42 2006 1978-2001 US R / S 154

Masuhr43 2006 1976-2004 Germany P / M 194
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First Author Year of 
publication

Period of inclusion Country lead author Study 
design

Nr. of 
patients

Anand44* 2006 1995-1999 India R / S 99

Anand44* 2006 2000-2003 India R / S 180

Fitzgerald45 2006 1986-2005 US R / S 42

Stolz46 2005 1985-2001 Germany R / S 79

Ferro47 2004 1998-2001 Portugal P / M 624

Bergui48 2003 1993-2002 Italy R / S 48

Mehraein49 2003 1992-2002 Germany R / S 79

Wasay50 2001 1981-1997 US R / M 40

DeVeber51 2001 1992-1997 Canada P / M 160

Ferro52 2001 1980-1998 Portugal R / M 142

Lanska53 2000 1993-1994 US R / M 170

Saw54 1999 1986-1997 Australia R / S 42

de Bruijn55 1999 1992-1996 The Netherlands P / M 59

Brucker56 1998 1991-1996 Germany R / M 42

Nagaraja57 1998 1987-1997 India R / S 56

Daif58 1995 1985-1994 Saudi Arabia R / M 40

Bienfait59 1995 1970-1990 The Netherlands R / M 62

Cantu60 1993 1982-1992 Mexico R / S 113

Diaz61 1992 1942-1990 US R / M 203

Einhaupl62 1991 1977-1991 Germany P / M 43

Bousser63 1991 1975-1988 France R / S 76

Karabudak64 1990 1979-1989 Turkey R / S 56

Samuel65 1987 1978-1984 South Africa R / S 45

Gates66 1986 1975-1985 Australia R / M 47

Rousseaux67 1985 1973-1983 France R / S 49

Srinivasan68 1983 1974-1982 India R / S 135

Nagpal69 1983 1967-1982 India S / R 80

Bansal70 1980 1969-1997 India S / R 138

Huhn71 1971 1951-1970 Germany R / S 120

Krayenbuhl72 1968 1957-1967 Switzerland R / S 92

Weber73 1966 1955-1965 Unknown R / S 63

P = prospective; R = retrospective; M = multi-center; S = single-center. 
*This study describes 2 different time spans of patient inclusion.
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Abstract

Cerebral venous and sinus thrombosis (CVT) is a rare form of thrombosis, with 

many different clinical manifestations. Better imaging techniques have greatly 

improved the diagnosis, but due to the paucity of controlled trials, choosing 

the optimal treatment for each patient often remains a challenge. Heparin is 

generally considered the mainstay of treatment, supported by data from a few 

small trials. More invasive treatment options are available, such as endovascular 

thrombolysis and – in some severe cases – decompressive hemicraniectomy. 

Furthermore, CVT is often accompanied by various neurological complications, 

such as seizures and intracranial hypertension, which require specific treatment. 

In this review we summarize the available treatment options for CVT and suggest 

which therapy should be reserved for which patients.
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Introduction

Thrombosis of the cerebral venous system, also known as cerebral venous and 

sinus thrombosis (CVT) or dural sinus thrombosis, is a rare condition, with an 

estimated annual incidence of 2-4 per million. In comparison, deep venous 

thrombosis of the lower extremity is approximately 250 times as common.

For many years, cerebral angiography was the only technique to defi nitively 

diagnose CVT in alive patients1, but nowadays this invasive procedure is 

rarely necessary. Although never reliably compared to angiography, magnetic 

resonance imaging (MRI) combined with MR-venography is now considered the 

golden standard (fi gure 1A). A good alternative to MRI is CT-venography, which 

is considerably faster, more readily available and often produces similar results. 

Studies that examined the accuracy of CT-venography compared to MRI found 

a sensitivity and specifi city between 75 and 100%, depending on the sinus or 

vein involved. 2,3

Figure 1

A: T1 weighted mid-sagittal MRI showing a thrombus located in the superior sagittal sinus and straight 
sinus (white arrows).

B: CT-scan of a typical venous infarct of the right cerebral hemisphere, with areas of hemorrhage (open 
white arrows) within a hypodense area of focal edema.
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In leg-vein thrombosis, the measurement of D-dimer concentration to exclude 

thrombosis is well established, but in CVT its accuracy is controversial. One 

study found a high negative predictive value, but this study excluded patients 

with certain risk factors, such as malignancy and pregnancy, which probably 

resulted in an overestimation of the specificity.4 In contrast, a study by Crassard 

et al. reported that 26% of CVT patients with headache as the sole symptom had 

a normal D-dimer concentration.5 Several other studies on this subject included 

only a limited number of patients.6,7 Until additional data in a larger group of 

patients become available, routine use of D-dimer measurement to exclude 

CVT cannot be recommended.

Risk factors for CVT are genetic or acquired prothrombotic conditions, systemic 

inflammatory disease, hematological conditions, and many others.8-10 A local 

trauma, such as head injury or surgery may precipitate the thrombosis. Regional 

infections, especially otitis, were a well known cause of CVT in the pre-antibiotic 

era, but are now less frequent. In about 20% of patients no cause or risk factor 

is identified. In women there is a statistically significant association with oral 

contraceptive use11, and CVT is more frequent during pregnancy and in the 

puerperium. As a result of these sex specific risk factors CVT is approximately 3 

times more common in women than in men.12 In children and elderly the sexes 

are equally represented. 

CVT usually starts in the large venous sinuses and may extend into the cortical 

veins. In a minority of cases the thrombosis is limited to the cortical or internal 

cerebral veins. The clinical symptoms depend on the localization and extension 

of the thrombus and are highly diverse. When the thrombus is confined to the 

major sinuses or jugular veins, the main problem is intracranial hypertension, 

due to diminished venous drainage and a decreased absorption of cerebrospinal 

fluid. Intracranial hypertension causes headache, often with papilledema, and 

sometimes with diplopia due to 6th cranial nerve palsy. Severe papilledema can 

rarely result in blindness. In patients with widespread thrombosis of multiple 

sinuses, or when the cortical veins become obstructed, additional symptoms 

often develop. Collateral venous drainage in the brain is limited, and venous 

obstruction causes increased capillary pressure, cerebral edema and eventually 

venous infarcts (figure 2).13 These focal cerebral lesions can result in seizures 

and neurological signs, such as hemiparesis, aphasia, hemianopia and cognitive 
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disorders. If left untreated, large venous infarcts can be life-threatening and 

death by cerebral herniation may occur within hours in these patients.14

Figure 2

Posterior view of the right cerebral hemisphere of a 36 year old patient with CVT during decompressive 
hemicraniectomy. Thrombosis is visible in multiple cortical veins (black arrows). There is general 
swelling of the brain due to cerebral edema. Small areas with subarachnoid hemorrhage are present 
around cortical veins (open white arrow). 

Venous infarcts develop in approximately half of all CVT patients. A characteristic 

of these infarcts is their tendency to become hemorrhagic, which occurs in 

approximately 30 to 40% (fi gure 1B). The latter feature has raised controversy 

regarding the treatment of CVT. Heparinisation, the obvious treatment for any 

thrombotic event, was considered dangerous because of the risk of bleeding 

associated with cerebral venous infarcts. This controversy has been all but 

resolved in recent years, as will be discussed below. 
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General measures

Patients with CVT should be admitted and closely monitored in the acute phase, 

preferably in a medium or intensive care unit. This is especially warranted if large 

venous infarcts or severe intracranial hypertension are present, since these 

patients can deteriorate rapidly. Also, the risk of seizures, if not already present 

at baseline, is high in patients with parenchymal brain lesions caused by CVT. 

Treatable underlying conditions, such as infections, should be identified and 

treated promptly. To reduce vasogenic cerebral edema, steroids are sometimes 

administered, but in a post-hoc analysis of a large prospective cohort study, 

steroids were not shown to be beneficial. Actually, in patients with parenchymal 

lesions, steroid use was associated with a worse outcome.15

Anticoagulation

The British gynecologist Stansfield was one of the first to advocate the use of 

heparin for the treatment of CVT. In 1941 he described a case of puerperal CVT 

that responded well to this therapy, and concluded that “the introduction of 

heparin gives us an effective weapon to treat what has invariably been a fatal 

complication of the puerperium, and the clinician’s reward for an early diagnosis 

will be the survival of the patient rather than the sterile pleasure of making an 

accurate diagnosis and confirming it in the post-mortem room”.16

While most experts now agree that patients with CVT should receive full 

anti-coagulation as soon as the diagnosis is made8,10,17, this policy has been 

controversial for many years. This may seem counterintuitive to those who treat 

patients with leg vein thrombosis or pulmonary embolism, conditions in which 

the use of anti-coagulants has been accepted without reservation. The reason 

for this controversy was concern about its safety in CVT, because of the high 

incidence of spontaneous intracerebral hemorrhages. On the other hand, the 

risk of withholding anticoagulants is an enlarging thrombus, with the hazard of 

occluding additional cortical veins and causing more venous infarcts. 

Clinical trials to resolve this dilemma are difficult due to the rarity of the disease, 

and only two small randomized trials that met minimal methodological standards 
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have been performed.18 The first was a single-centre trial that randomized 20 

patients to unfractionated heparin or placebo. Heparin dose was adjusted using 

the activated partial thromboplastin time (aPTT), intended to achieve at least 

twice the pre-treatment value.19 All 10 patients in the treatment group had a good 

outcome at 3 months, while in the placebo group 3 patients died. The second 

trial randomized 60 patients to subcutaneous low-molecular weight heparin 

(nadroparin, 90 IU/kg twice daily) or placebo.20 In the nadroparin group, 13% 

of patients had a poor outcome at 3 months, compared to 21% in the placebo 

group. In a meta-analysis of the 2 trials, heparin was associated with an absolute 

reduction of mortality of 13% (95% confidence interval -27% to 1%, p = 0.08).18 

Although statistically non-significant, for most experts these results confirmed 

clinical observations that patients put on heparin tend to have better outcomes. 

Additional evidence supporting heparin treatment came from the largest 

prospective cohort study on CVT, the International Study on Cerebral Vein and 

dural sinus Thrombosis (ISCVT), which included 624 patients, many of whom 

(39%) had intra-cerebral hemorrhages before treatment.21 Eighty-three percent 

of all patients were treated with heparin. The 30 day mortality was only 3.4%, 

and the final outcomes were better than in many of the older published series.

In spite of these encouraging data, the risk of new or increasing cerebral 

hemorrhage cannot be discarded as negligible. Although in the two clinical 

trials no new intracranial hemorrhages developed among the patients treated 

with heparin19,20, this finding cannot be generalized confidently due to the small 

number of patients. In the control groups of these trials, however, two patients 

(out of 40) had a new intracranial hemorrhage, and two others suffered fatal 

pulmonary embolism, which demonstrates the risk of withholding heparin in 

these patients.

In patients with deep venous thrombosis of the leg, it is now standard practice 

to start low-molecular weight heparin (LMWH) instead of unfractionated 

heparin, since clinical trials have shown that patients treated with LMWH 

have better outcomes.22 Due to a lack of research data, there are no guidelines 

on which type of heparin to use for CVT. In the ISCVT study, adjusted dose, 

unfractionated heparin was used in approximately three-quarters of patients 

who received heparin treatment. Advantages of unfractionated heparin are 

that it may provide a faster therapeutical level of anticoagulation and is easier to 
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antagonize in acute situations, such as the necessity of surgical intervention. We 

prefer subcutaneous LMWH – in therapeutic dose – because it provides a more 

stable anticoagulatant concentration and does not require dose adjustment 

based on aPTT measurements.

Endovascular treatment

Many case reports and case series have reported positive results of endovascular 

thrombolysis for CVT23,24, but randomized controlled trials have never been 

performed.25 An analysis of all case reports up to 2001 showed good clinical 

outcome (defined as independency in daily activities) in 86% of patients treated 

with endovascular thrombolysis, a similar outcome as CVT patients treated 

with heparin.26 The patients who underwent thrombolysis, however, were in 

a more severe clinical condition. This seems promising, but due the anecdotal 

and mostly retrospective evidence, it is impossible to conclude from these data 

that endovascular treatment is superior to heparin for CVT. An international 

randomized controlled trial to evaluate the efficacy of endovascular treatment 

is being prepared and is due to start in 2010. Until the results are available, 

thrombolysis should be reserved for the very severe cases and for patients who 

deteriorate despite adequate anticoagulation. 

There are several different approaches for endovascular thrombolysis of CVT. The 

cerebral venous system is accessed by a transjugular or transfemoral approach. 

A thrombolytic agent, usually urokinase or recombinant tissue plasminogen 

activator (rt-PA), is then infused into the thrombus (figure 3). The dosage of the 

thrombolytic agent and the duration of thrombolysis are highly variable. Some 

interventionalists use only bolus injections, while others apply local infusions for 

up to several days.27 In addition to pharmacological thrombolysis, mechanical 

techniques such as balloon angioplasty or rheolytic catheters are sometimes 

used to disrupt and remove clot material.28 These techniques may reduce the 

dosage of thrombolytic drugs, and could thus reduce the risk of intracranial 

hemorrhage. On the other hand, these procedures carry an increased risk of 

rupturing the vessel wall. A comprehensive review of the different endovascular 

techniques for CVT is beyond the scope of this paper. For details we refer to 

several existing reviews on this topic.29,30
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Figure 3

Endovascular thrombolysis in a 35 year old patient with thrombosis of the superior sagittal sinus. At 
the beginning of the procedure, the sinus does not fi ll with contrast (left). 600.000 IU of urokinase were 
infused into the superior sagittal sinus, which resulted in partial fi lling of the proximal part of the sinus 
after 2 hours (middle). An additional infusion of 600.000 IU in 4 hours resulted in recanalisation of the 
entire superior sagittal sinus (right, closed arrows), with the exception of the most anterior part (open 
arrow).

Decompressive hemicraniectomy

Rarely, large hemorrhagic venous infarcts cause displacement of central brain 

structures (diencephalon and brain stem), a process called cerebral herniation.14 

These patients may initially show signs of third cranial nerve compression 

(dilated pupil), followed by rapidly progressing coma. If untreated, death 

from brainstem compression is inevitable. In these situations, emergency 

decompressive hemicraniectomy can remove the threat of fatal transtentorial 

herniation. A similar approach can be eff ective in young patients with malignant 

middle cerebral artery  infarction.31 In CVT this intervention is applied rarely: 

in the ISCVT population, only 9 patients (1.4%) underwent decompressive 

hemi craniectomy.21 We32 and others33 have found that prompt hemicraniectomy 

can be life-saving and result in excellent neurological outcome in these severest 

cases of CVT. A CT-scan of the brain of a patient successfully treated with 

decompressive hemicraniectomy is shown in fi gure 4.
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Figure 4

A: CT-scan of the brain of a patient with CVT who became comatose due to transtentorial herniation 
by a large left-sided parieto-temporal hemorrhagic infarct. There is mass eff ect and shift of midline 
structures to the right (midline shift 11 mm). 
B: CT scan several hours after hemicraniectomy. The midline shift is reduced to 3 mm. After the procedure 
the patient recovered with mild neurologic sequelae.

Anti-epileptic drugs

Epileptic seizures frequently complicate CVT, occurring in 35-50% of all 

patients, far more than in arte rial strokes.21 Status epilepticus is less frequent, 

but potentially life-threatening. Predictors for the occurrence of seizures are 

supratentorial lesions, focal motor defi cits and thrombosis of the superior 

sagittal sinus or c ortical veins.34,35 Most patients suff er from seizures in the acute 

phase, until 2 weeks from diagnosis, but late seizures do occur. Seizures in the 

acute phase should be treated promptly with anti-epileptic drugs, preferably 

by intravenous administration. Because of the high incidence of seizures in 

patients with CVT, some authors advocate prophylactic anti-epileptic treatment 

for high-risk patients in t he acute phase.35 Late seizures usually occur within 

6-12 months and mostly in patients who had seizures in  the acute phase.36 We 

therefore suggest continuing anti-epileptic drugs for 1 year before tapering. 
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Intracranial hypertension

Increased intracranial pressure is common in CVT. In the acute phase, specific 

treatment is usually not necessary. Longstanding, severe intracranial hypertension, 

however, can lead to loss of vision due to papilledema. Frequent measurement of 

vision and evaluation of papilledema is therefore advisable. In case of threatened 

vision, a lumbar puncture with removal of cerebrospinal fluid can result in immediate 

improvement of symptoms, but contraindications, especially space-occupying 

mass lesions, should be considered carefully. If multiple lumbar punctures are 

necessary, a shunting procedure, such as an external lumbar drain, should be 

considered. A complicating factor with these procedures is that most CVT patients 

receive anticoagulation, which increases the risk of bleeding complications. In 

an acute situation with impending visual loss, however, withholding a lumbar 

puncture is more harmful to a patient than the small risk of bleeding. 

Oral acetazomalide or diuretics can effectively reduce intracranial hypertension, 

but are of limited value in the acute phase. High dose steroids (e.g. intravenous 

methylprednisolone 1 gram daily for 5 days) have shown to be effective in 

cases of idiopathic intracranial hypertension37, but data on its efficacy in CVT 

are lacking. 

Oral anticoagulation

Unless there are evident contraindications, oral anticoagulation with vitamin K 

antagonists is generally indicated in all CVT patients after the acute phase.38 If 

the thrombosis is associated with a transient risk factor, such as an infection or 

a trauma, a period of 3 months is usually sufficient. In other situations, notably 

in the case of a recurrent thrombosis, some forms of genetic thrombophilia, an 

unprovoked thrombosis, a positive lupus anticoagulant or an active malignancy, 

a longer period of treatment is warranted.38 Solid data on the optimal duration 

of treatment in these patients are lacking. Usually a period of 6 to 12 months is 

chosen, but occasionally lifelong treatment is indicated in patients with multiple 

persistent risk factors. It is important to carefully weigh the risks and benefits 

of treatment in each individual. Target ranges for the international normalized 

ratio are the same as in deep venous thrombosis of the leg (i.e. 2.0-3.0). 
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Prognosis and follow-up

The prognosis of CVT was previously considered grave. Mortality rates between 

40% and 80% were not uncommon in case series published in the 1950’s 

and 60’s.1,39 This was an overestimation, since CVT could only be diagnosed 

confidently post-mortem. Modern neuroimaging techniques have lead to the 

identification of many less severe cases, and nowadays the majority of patients 

with CVT have a favorable prognosis. In the ISCVT study, almost 80% of patients 

had fully recovered after 6 months of follow-up. Fourteen percent of patients 

had a poor outcome, half of whom had died. The remaining patients (6%) had 

a minor disability, but were able to live an independent life.21 

Several small studies investigated recanalization rates after CVT.40 In the majority 

of patients, partial or complete recanalization can be demonstrated with MRI. It 

appears that recanalization predominantly occurs within the first few months, 

since in 2 studies in which multiple follow-up MRI’s were performed no difference 

in recanalization rate at 3 months or 1 year was found.41,42 It is unknown if MRI 

visualized recanalization is associated with the probability of recurrence, and no 

correlation has been found between the degree of recanalization and clinical 

outcome.41,43 Therefore, we do not recommend routine use of MRI during follow-

up of CVT patients.

Headache is the most common long-lasting symptom after the acute phase, 

and in a subgroup of patients it can become chronic and excessive.44 These 

patients should be carefully evaluated for the presence of chronic intracranial 

hypertension. Late seizures occur in approximately 10% of patients, usually 

within the first year.36 This often has a significant impact on the lives of patients 

due to necessity of long-term use of anti-epileptic drugs, driving restrictions 

and fear of new seizures. Recurrence of CVT is rare and occurs in no more than 

3% of patients.40 Other thrombotic events, mostly deep venous thrombosis of 

the leg and pulmonary embolism, occur at similar rates. For unknown reasons, 

this is much lower than reported recurrence rates after deep vein thrombosis.45 

In the follow-up of female patients of childbearing age, counseling regarding the 

risk of a subsequent pregnancy is often an issue. From the scarce data available, 

it appears that the risk of a CVT recurrence during pregnancy is very low.46 Since 
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CVT recurrences predominantly occur within the first year, we advise women 

not to become pregnant within the first year. Thereafter, a former CVT is no 

reason to avoid pregnancy.

Unfortunately, there are no reliable data about antithrombotic prophylaxis 

during pregnancy in women who suffered CVT. Therefore, we follow general 

recommendations for venous thromboembolism.47 Patients who had CVT and 

a transient risk factor are advised to use LMWH prophylaxis during the post-

partum period only (4-6 weeks). In those with CVT and confirmed thrombophilia, 

or with an apparently spontaneous CVT, prophylaxis throughout pregnancy 

and puerperium is recommended. 

Conclusion

Due to improved imaging techniques, earlier diagnosis of CVT has become 

possible. This, combined with now widely accepted early treatment with 

heparin, has resulted in a much better prognosis for most patients. Still, in a 

significant minority, CVT remains a severe condition, that may cause lasting 

neurologic impairment or death. Aggressive treatment, including endovascular 

thrombolysis and hemicraniectomy, can however give excellent results, even in 

seemingly hopeless cases.
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Abstract

Background: Considerable treatment variations in cerebral venous thrombosis 

(CVT) may exist due to the limited evidence from randomized trials. The aim 

of the study was to assess treatment variations in CVT among physicians 

worldwide. 

Methods: Physicians with an interest in cerebral venous thrombosis were invited 

to fill out an online survey. 

Results: Ninety-one out of 165 invited physicians (55%) completed the survey. 

The majority were neurologists (85%) and European (62%). Ninety-two percent 

considered heparin the primary therapy and most (64%) used unfractionated, 

intravenous heparin. Forty-three percent used endovascular thrombolysis, 

with rt-PA as the most frequently used drug. Participants were divided on the 

duration of treatment with oral anticoagulation and whether or not to prescribe 

prophylactic anti-epileptic drugs. Neurologists were more likely to treat a 

patient with oral anticoagulation (odds ratio 4.4, P=0.02), but less often used 

prophylactic anti-epileptic drugs (odds ratio 0.08, p<0.001). 

Conclusions: This study shows considerable practice variations worldwide in 

CVT treatment. The results may help to identify areas of uncertainty that may 

warrant the design of new randomized trials.
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Introduction

A variety of therapies are available to treat cerebral venous thrombosis (CVT), 

but evidence supporting the efficacy of most therapies is scarce. Heparin is 

considered the primary therapy1, but there is no consensus whether to use 

unfractionated heparin (UFH) or low-molecular weight heparin (LMWH). The 

‘European Federation of Neurological Societies’ (EFNS) guideline recommends 

LMWH because of practical advantages and based upon data from randomized 

trials in leg-vein thrombosis.2 In the ‘International Study on Cerebral Vein and 

Dural Sinus Thrombosis’ (ISCVT), however, UFH was used in the majority of 

patients.3  Endovascular thrombolysis is generally reserved for severe cases, 

but no randomized trials have been performed.4 The use of prophylactic anti-

epileptic drugs (AED) in CVT is controversial.5-6 

We hypothesized that considerable variations in treatment for CVT may 

exist among physicians. The aim of the present study was to determine how 

physicians worldwide treat CVT, using and online survey that was distributed 

among physicians with an interest in CVT.

Methods

An online survey creator (http://www.enquetemaken.be) was used to develop a 

web-based survey. We searched the MEDLINE database to identify publications 

regarding CVT in the past 5 years, excluding case reports and animal studies. 

The corresponding author of each publication was invited to participate. In 

addition, we invited physicians who have indicated that they are considering 

participation in the 2nd ISCVT study to complete the survey. Invitations were 

sent by e-mail.

Results

One-hundred-and-sixty-five physicians were invited to participate, of whom 91 

(55%) completed the survey. The characteristics of participating physicians are 

shown in table 1. The majority were neurologists (85%) and European (61%). Most 
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were relatively experienced with CVT; 86% had treated more than 10 patients 

in last 5 years. Ninety-two percent considered heparin the standard therapy 

for CVT and 87% did not regard intracranial hemorrhage a contraindication 

for commencing heparin therapy (figure 1). Sixty-four percent reported using 

UFH and 36% LMWH. Eight percent of the respondents prescribed prophylactic 

AED in all patients and 21% only in patients with focal cerebral lesions. The 

remaining 71% never prescribed prophylactic AED. With regard to long-term 

antithrombotic therapy, 81% stated that they prescribe oral anticoagulants in all 

patients, unless there is an absolute contraindication. The duration of treatment 

varied; 13% usually treat for 3 months, 64% for 6 months and 20% for 1 year.

Table 1: Characteristics of participating physicians

Origin

 Europe 61%

 North-America 17%

 South-America 17%

 Asia 6%

Specialty

 Neurologist 85%

 Internist 5%

 Neurosurgeon 3%

 Pediatrician 3%

 Other 3%

Medical experience

 < 5 years 9%

 6-15 years 36%

 16-25 years 36%

 > 25 years 19%

Number of CVT patients treated in past 5 years

 0-2 patients 1%

 3-5 patients 1%

 6-10 patients 12%

 > 10 patients 86%

Regarding more invasive therapies, 43% had used endovascular thrombolysis, 

the majority in less than 5 patients (figure 2). Eighty-four percent used rt-PA and 

the remainder urokinase. When asked if they would consider decompressive 

craniectomy in a patient with impending cerebral herniation due to focal cerebral 

lesions, 93% responded positively, 43% had actually used this treatment.
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Figure 1: Medical therapies.

0 10 20 30 40 50 60 70 80 90 100

Percentage of respondents

Question Answers 

Yes 
No 

UFH 

Yes 

LMWH 

No 

Some patients 
Never 

All patients 

Heparin is 
primary therapy 

Heparin type 

Oral 
anticoagulation 

ICH 
contraindication 
heparin 

Always 

Never 
Prophylactic 
AED 

If focal lesion 

Duration of oral 
anticoagulation 6 months 

1 year 

3 months 

Chapter 8 figure 1 

The answers regarding medical treatment of CVT are shown as percentages. UFH = unfractionated heparin; 
LMWH = low-molecular weight heparin; ICH = intracranial hemorrhage; AED = anti-epileptic drugs.

Figure 2: Surgical and endovascular therapies.
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The answers regarding surgical and endovascular therapies are shown as percentages. DC = 
decompressive craniectomy; ET = endovascular thrombolysis.

Compared to other physicians, neurologists were more inclined to treat a patient 

with decompressive craniectomy (96 vs. 79%, odds ratio (OR) 6.7, p=0.03) and 

more frequently prescribed oral anticoagulation during the chronic phase (84 

vs. 57%, OR 4.4, p=0.02). On the other hand, neurologists were much less likely 

to prescribe prophylactic AED (21 vs. 77%, OR 0.08, p<0.001).
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Discussion

This survey confirms that physicians worldwide consider heparin the primary 

therapy for CVT patients. However, while evidence-based guidelines advocate 

the use of LMWH, the majority uses UFH. Interestingly, the ratio LMWH vs. UFH 

in our survey is the same as in the ISCVT study, which was performed 10 years 

ago.3 A stable ratio of heparin type over time in CVT patients has also been 

observed in a Portuguese study.7 One might have expected an increase in the 

use of LMWH, as has been observed in leg-vein thrombosis.8 

It seems that both endovascular thrombolysis and decompressive craniectomy 

are increasingly used. In the ISCVT study 2% and 1% of patients respectively 

received this therapy, while in our survey 43% of physicians had used these 

therapies during the last 5 years.3,9 Further, our study shows that rt-PA is 

currently the dominating drug used in endovascular thrombolysis. In contrast, 

in the case reports published until 2001, urokinase was used in 75% of patients. 

The two most likely explanations for this shift are the ban of urokinase from the 

US market and the use of rt-PA for thrombolysis in arterial ischemic stroke. Since 

it is unknown if there is a difference in efficacy or safety between urokinase and 

rt-PA, the shift to rt-PA may reduce the – already scanty – validity of the existing 

evidence supporting the use of endovascular thrombolysis in CVT.

We found large practice variations regarding the duration of oral anticoagulation 

and the use of prophylactic AED. This suggests that there is clinical equipoise on 

both issues and that randomized trials of both therapies are ethically justified.

The majority of physicians who completed the survey are relatively experienced 

with CVT. This may be one of the reasons of the wide experience with endovascular 

thrombolysis and decompressive craniectomy. Further, pediatricians, who treat 

a substantial percentage of CVT patients, were underrepresented in the survey, 

as were non-European physicians. Because of these potential confounding 

factors, care must be taken into extrapolating the results and they might not 

apply to the treatment of CVT patients in general. 
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In conclusion, our study shows considerable differences worldwide in the 

treatment of CVT and illustrates the variety of therapies used for the management 

of these patients. The results may help to identify areas of uncertainty that 

warrant new randomized trials.
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Abstract

Background

Treatment of cerebral venous sinus thrombosis with anticoagulants has been 

controversial. Anticoagulants may prevent new venous infarcts, neurologic 

deterioration and pulmonary embolism but may also promote hemorrhages.

Objectives

To assess the effectiveness and safety of anticoagulant therapy in patients with 

confirmed cerebral venous sinus thrombosis.

Search methods

We searched the Cochrane Stroke Group Trials Register (last searched August 

2010), MEDLINE (1950 to August 2010), EMBASE (1980 to August 2010) and the 

Cochrane Central Register of Controlled Trials (The Cochrane Library, 2011 Issue 

1). In an effort to identify further published, unpublished and ongoing trials 

we searched ongoing trials registers and reference lists of relevant articles, and 

contacted authors.

Selection criteria

Unconfounded randomized controlled trials in which anticoagulant therapy 

was compared with placebo or open control in patients with cerebral venous 

sinus thrombosis (confirmed by intra-arterial contrast, or venography with 

magnetic resonance, or venography with computed tomography imaging).

Data collection and analysis

Two review authors independently extracted outcomes for each of the two 

treatment groups (anticoagulant treatment and control). The outcome data 

for each patient were analyzed in the treatment group to which the patient 

was originally allocated (intention-to- treat analysis). We calculated a weighted 

estimate of the treatment effects across trials (relative risk, absolute risk 

reduction).

Main results

We included two small trials involving 79 patients. One trial (20 patients) examined 

the efficacy of intravenous, adjusted dose unfractionated heparin. The other trial 
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(59 patients) examined high dose, body weight adjusted, subcutaneous, low-

molecular weight heparin (nadroparin). Anticoagulant therapy was associated 

with a pooled relative risk of death of 0.33 (95% confidence interval (CI) 0.08 to 

1.21) and of death or dependency of 0.46 (95% CI 0.16 to 1.31). The absolute 

reduction in the risk of death or dependency was 13% (95% CI 30% to -3%). 

No new symptomatic intracerebral hemorrhages were observed. One major 

gastrointestinal hemorrhage occurred after anticoagulant treatment. Two 

control patients (placebo) had a diagnosis of probable pulmonary embolism 

(one fatal).

Authors’ conclusions

Based upon the limited evidence available, anticoagulant treatment for 

cerebral venous sinus thrombosis appeared to be safe and was associated with 

a potentially important reduction in the risk of death or dependency which did 

not reach statistical significance.
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Background

Cerebral venous sinus thrombosis (CVT) is a rare condition, with a highly variable 

clinical presentation and prognosis. The estimated incidence is about 2 to 4 

per million people per year. A study in children less than 18 years old found 

a higher incidence of 6.7 per million per year (deVeber 2001). Symptoms and 

signs include headache, focal or generalized seizures, and neurologic deficits or 

coma (Bousser 2007; Stam 2005). Intracranial pressure is often elevated due to a 

diminished absorption of cerebrospinal fluid. This may cause papilledema and, 

rarely, visual impairment. Obstruction of the venous drainage may cause local 

cerebral edema and venous infarcts, which occur in approximately half of all 

patients (Ferro 2004). Venous infarcts are often hemorrhagic and may transform 

into large and possibly lethal cerebral hemorrhages. On the other hand, many 

patients have a benign course, with mainly signs of increased intracranial 

pressure but without neurologic impairment.

Treatment of CVT with anticoagulants has been controversial. Anticoagulant 

drugs are expected to arrest the thrombotic process and may prevent thrombus 

propagation, new venous infarcts and neurologic deterioration in patients 

with CVT. In addition, anticoagulants may prevent pulmonary embolism that 

can occur in these patients (Diaz 1992). Anticoagulation may also promote 

intracerebral hemorrhages (ICH), by causing hemorrhagic transformation 

of venous infarcts, although well-documented cases of such events are rare 

(Bousser 1997). In addition, anticoagulants always carry a risk of extracerebral 

hemorrhage (van Dongen 2004).

 Several uncontrolled case series suggested that the neurological outcome after 

cerebral venous sinus thrombosis could be improved with heparin therapy, 

without an increase in hemorrhagic complications (Ameri 1992; Bousser 1985; 

Ferro 2001; Villringer 1994). One report described neurologic deterioration after 

anticoagulant treatment for sinus thrombosis in two patients (Gettelfinger 

1977), but these examples have been criticized: one patient received urokinase 

in addition to heparin, and the other developed CVT while on prophylactic 

subcutaneous heparin (Bousser 1997). In a large case series from Portugal, 

new intracranial hemorrhages developed in four of the 112 (3.6%) patients 

treated with anticoagulants, and in two of 30 (6.7%) patients who did not 
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receive anticoagulants (Ferro 2001). Einhaupl 1991 reported three new ICHs 

in an uncontrolled series of 56 patients (5.4%) treated with dose-adjusted 

intravenous heparin. Nevertheless, both studies reported that outcome was 

better for patients treated with anticoagulants.

In the early 1990s the first small randomized trials were set up to resolve the 

abovementioned therapeutic dilemma. This Cochrane Review aimed to combine 

the results of all randomized trials that compared anticoagulant treatment for 

CVT with control treatment without anticoagulants and that met pre-defined 

criteria.

Objectives

To review the best available evidence regarding the efficacy and safety of 

anticoagulant therapy in patients with CVT. We tested the following hypotheses 

among patients with confirmed CVT (thrombosis of at least one intracranial 

venous sinus or cerebral vein).

1. Treatment with therapeutic doses of unfractionated heparin, low-molecular-

weight heparin, or coumarin(s) is associated with a reduced risk of being 

dead or dependent a few months after the onset of CVT.

2. Treatment with therapeutic doses of unfractionated heparin, low-molecular-

weight heparin, or coumarin(s) is not associated with an increase in 

symptomatic intracranial or severe extracranial hemorrhages that may offset 

a treatment benefit.

Methods

Types of studies

We included all unconfounded randomized trials in which anticoagulant therapy 

was compared with placebo or open control in patients with confirmed CVT. In 

addition, we included studies that compared different anticoagulant regimens. 

We also sought open trials and non-blinded trials. If we found such trials, we 

planned to do sensitivity analyses, first including and then excluding them, to 
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determine the effect on the results. We excluded trials in which allocation to 

treatment or control group was not truly random or where allocation was not 

adequately concealed.

Types of participants

We selected trials that included patients with thrombosis of one or more 

intracranial venous sinuses documented by magnetic resonance imaging 

(MRI), computed tomography (CT) venography, or conventional angiography. 

We included trials that included patients with CVT and intracranial hemorrhage 

documented prior to anticoagulant treatment. We excluded trials that included 

patients diagnosed by CT scan alone, without CT-venography.

Types of interventions

We included all randomized controlled trials that compared the effects of 

anticoagulant therapy with placebo or open control on neurological outcome 

and death in patients with CVT. This included all anticoagulant regimens that 

aimed at a therapeutic level of anticoagulation, such as parenteral therapy 

with unfractionated heparin, low-molecular-weight heparin, heparinoids, 

or oral therapy with coumarin(s), or combinations, for at least three days. We 

also included studies which compared different types of heparin. We excluded 

trials which tested low-dose prophylactic anticoagulant regimens, antiplatelet 

agents, thrombolytic therapy, or defibrinogenating agents.

Types of outcome measures

We extracted the following outcomes of interest for each treatment group.

Primary outcome measures

1. Death from any cause at the end of the scheduled trial follow-up.

2. Death or dependency (needing help with activities of daily living) at the end 

of the scheduled trial follow-up.

Secondary outcome measures

1. Pulmonary embolism (diagnosed during life or at autopsy) within the 

scheduled treatment or follow-up period.
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2. Symptomatic fatal or non-fatal intracranial hemorrhage, defined as any new 

intracranial hemorrhage or hemorrhagic transformation of a cerebral infarct that 

developed after randomization, that was documented by CT or MRI scanning, or 

at autopsy, and that caused clinically manifest neurologic deterioration.

3. Major extracranial hemorrhage, defined as any bleeding that required 

transfusion or significant surgical intervention, or that caused permanent 

disabling deficit (e.g. intra-ocular bleeding causing blindness).

Search methods for identification of studies

See the ’Specialized register’ section in the Cochrane Stroke Group module. We 

searched the Cochrane Stroke Group Trials Register, which was last searched 

by the Managing Editor on 6 August 2010. In addition, we searched MEDLINE 

(1950 to August 2010) (Appendix 1), EMBASE (1980 to August 2010) (Appendix 

2) and the Cochrane Central Register of Controlled Trials (The Cochrane Library 

2011, Issue 1) (Appendix 3). We developed the search strategies in collaboration 

with the Cochrane Stroke Group Trials Search coordinator. In an effort to identify 

further published, unpublished and ongoing trials we:

1. searched the following clinical trials registers (August 2010):

i) ClinicalTrials.gov (www.clinicaltrials.gov);

ii) Stroke Trials Registry (www.strokecenter.org/trials/);

iii) WHO International Clinical Trials Registry Platform (ICTRP)

 (http://www.who.int/ictrp/search/en/);

2. searched the bibliographies of all references chosen for full manuscript 

review; 

3. Contacted authors who have published review articles, books, large case 

series or clinical trials in this topic.

We searched for trials in all languages and arranged translation of relevant 

articles published in languages other than English and Dutch.

Data collection and analysis

The review authors reviewed all titles obtained by the method outlined above. 

We discarded references obviously not relevant to the review question (primary 
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study population not CVT, case reports, and small descriptive case series). Two 

review authors (SFTM de B, JS) independently reviewed the abstracts of the 

remaining studies to establish whether they met the minimum selection criteria. 

We included abstracts classified by both review authors as ’accepted’, or ’unsure’ 

for further review. Abstracts rated by only one reviewer as either ’accepted’, or 

’unsure’ were reviewed a second time by both and discrepancies resolved by 

discussion. Both review authors independently evaluated the full articles of the 

remaining references. Each review author rated each study as ’accepted’, ’unsure’ 

or ’rejected’ based on the selection criteria. Where insufficient information was 

available, we tried to approach the authors for additional information.

For articles accepted into the review, two reviewers (SFTM de B, JS) independently 

extracted outcomes for each of the two treatment groups (anticoagulant 

treatment and control). We included the outcome data for each patient in the 

treatment group to which the patient was originally allocated (intention-to-treat 

analysis). We calculated a weighted estimate of the treatment effects across trials 

(relative risk, absolute risk reduction) using RevMan 5.0 (RevMan 2008).

Results

Description of studies

We identified a total of nine possibly relevant studies in the Cochrane Stroke 

Group Trials Register, 1717 references from the searches of MEDLINE and 

EMBASE and 103 references from the search of the Cochrane Central Register of 

Controlled Trials. From the results of these searches, we identified five potentially 

relevant studies (CVT Group 1999; Einhaupl 1991; Maiti 1997; Modi 2006; Nagaraja 

1995). Four studies compared efficacy of heparin with control treatment (CVT 

Group 1999; Einhaupl 1991; Maiti 1997; Nagaraja 1995) and one study compared 

unfractionated heparin with low-molecular-weight heparin (Modi 2006). We did 

not find any studies that included pediatric patients and we did not identify any 

ongoing studies in the clinical trial registries.

Trials fulfilling the inclusion criteria

Einhaupl 1991 performed the first clinical trial of heparin in adult CVT patients. 

Sixty patients were planned to be included in a single centre trial (Germany), 
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which was stopped after the inclusion of 20 patients (planned interim analysis). 

The diagnosis of CVT was made by intra-arterial contrast angiography. Patients 

with the usual contraindications for heparin were excluded. Treatment 

consisted of intravenous high-dose unfractionated heparin, 25,000 to 65,000 

IU/day, after a bolus of 3000 IU, or placebo (saline infusion). The heparin 

dose was adjusted to obtain a partial thromboplastin time (PTT) value of at 

least twice the pretreatment value, and maximally 120 seconds. The treating 

physician was not blinded but the patients and the physicians who assessed 

the outcomes were. The primary outcome was the clinical condition at three 

months after randomization, assessed with a composite CVT severity scale, with 

items for headache, focal signs, seizures, and level of consciousness. Intracranial 

hemorrhage (ICH), diagnosed by one of two routine CT scans, was the secondary 

endpoint. After 10 patients in each treatment group were included the study 

was stopped because a statistically significant effect in favor of heparin was 

found, based upon scores on the CVT severity scale. Patients in both treatment 

groups were balanced for baseline variables, except with regard to the duration 

from onset of symptoms to the start of treatment, which was 33 days in the 

heparin group and 25 days in the placebo group.

In the placebo group, three patients died, six survived with a minor deficit and 

one recovered completely. In the heparin group, two patients had minor deficits 

and eight recovered completely. According to the CVT severity scale patients 

with a minor deficit may have slight to severe headaches, transient to mild 

paresis, or seizures. For the meta-analysis we considered all surviving patients 

with a minor deficit at three months as good outcomes (independent). There 

were two patients with new ICHs in the control group, and none in the heparin 

group. It is not clear whether these ICHs were symptomatic or only detected on 

the follow-up CT scans.

CVT Group 1999 included 60 adult patients in a multicentre trial in the 

Netherlands and in the UK. The diagnosis of CVT was made by intra-arterial 

contrast angiography or by MRI and MR angiography. Patients with the 

usual contraindications, including recent lumbar puncture for heparin, were 

excluded. Treatment consisted of subcutaneous low-molecular- weight 

heparin (nadroparin) in a dose of 180 anti-factor Xa U/ kg/24 hour or placebo, 

administered by two subcutaneous injections daily for three weeks. Patients, 
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treating physicians, and assessors were blinded during the first three weeks. 

Patients allocated to nadroparin received follow-up treatment with warfarin 

(non-blinded) for 10 weeks (total duration of anticoagulant treatment 13 weeks). 

Primary outcomes were scores on the Barthel index (activities of daily living), and 

on a stroke handicap scale (The Oxford handicap scale), and death. Secondary 

endpoints were symptomatic ICH and severe extracranial hemorrhage.  

Assessments were done at three weeks (blind), and at 12 weeks (non-blinded). 

Sixty patients were randomized (30 in each treatment group). Patients in both 

treatment groups were balanced for baseline variables, except for isolated 

intracranial hypertension and CT/MRI infarcts (see below). One patient from the 

placebo group was withdrawn after randomization (wrong diagnosis: arterial 

cerebral infarction). He was independent after three and 12 weeks.

After 12 weeks four of the 30 participants (13%) in the nadroparin group had 

a poor outcome, defined as death or dependence (Oxford handicap score 3 to 

5). In the placebo group six of the 29 participants (21%) had a poor outcome. 

The open assessment showed essentially similar results to the blind assessment 

and is used in our meta-analysis. There were no symptomatic intracranial 

hemorrhagic complications. One patient in the nadroparin group had a major 

non-fatal gastrointestinal hemorrhage.

Excluded studies

A study from India randomized 57 women with puerperal CVT (Nagaraja 1995). 

We excluded this study because the diagnosis was not confirmed by our pre-

defined criteria (angiography, MRI/ MRA or CT-venography) but by CT only. 

Patients with signs of cerebral hemorrhage on CT were excluded. Patients were 

initially treated with intravenous unfractionated heparin, 5000 IU every six hours, 

and then dose-adjusted to reach a PTT of 1.5 times the initial value. Details of the 

randomization procedure, allocation concealment, and pre-defined outcome 

measures were not given in the published article. Assessment was non-blinded. 

Twenty- nine patients received heparin and 28 were controls. Two patients in 

the control group died, and one had a residual paresis at six months. In the 

heparin group all patients recovered.

A second study from India reported a randomized controlled trial of 40 patients 

(20 heparin, 20 placebo). This study has been published as an abstract only 
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(Maiti 1997). According to the abstract, mortality was 15% in the heparin 

group and 40% in the placebo group. Details of diagnostic confirmation, the 

randomization procedure, allocation concealment, and pre-defined outcome 

measures have not been published. In a personal communication, however, the 

lead author reported that CVT was not diagnosed by angiography, MRI/MRA 

or CT-venography in all patients. No placebo was given to the control group 

and the physicians were not blinded to the treatment allocation. Because of 

these methodological limitations and the fact that the full results have not been 

published in a peer-reviewed journal, we excluded the study from the analysis.

Studies awaiting classification

We also identified a single randomized controlled trial which compares 

unfractionated heparin with low-molecular-weight heparin in CVT (Modi 2006). 

The results of this study have been published as an abstract only. A total of 75 

patients were randomized and there was no difference in clinical outcome between 

the groups at 90 days. Details of diagnostic confirmation, the randomization 

procedure, allocation concealment, and outcome measures are not yet available. 

In a personal communication, one of the principal investigators has indicated that 

the complete results will be submitted to a peer-reviewed journal.

Risk of bias in included studies

CVT Group 1999 recruited patients from 15 hospitals in the Netherlands and 

the UK. Treatment allocation was concealed by using numbered packages 

containing prefilled syringes with nadroparin or identically appearing placebo. 

A computer program randomly allocated one of the numbered packages to 

each patient, according to a stratified block randomization schedule, with strata 

for ICH on the pretreatment CT scan, and for chronic intracranial hypertension. A 

minimization procedure was applied to allocate approximately equal amounts 

of control and placebo patients to the strata. An error in the randomization 

program caused temporary imbalance, which was corrected during the second 

half of the trial. Patients and doctors were blinded during the first three weeks 

of placebo-controlled treatment and at the first assessment at three weeks. The 

success of blinding was not examined. Follow-up treatment and assessment at 

12 weeks were non-blinded. One patient (on placebo) with a wrong diagnosis 

was withdrawn after randomization. No patients were lost to follow-up. Baseline 

data were balanced (age, sex, treatment delay, number with Glasgow Coma 
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Score < 8, seizures, focal deficits, number with ICH), except isolated intracranial 

hypertension (more in the placebo group) and infarcts on CT/MRI (more in the 

nadroparin group). Both factors were not significantly associated with outcome 

in univariate and multiple logistic regression analysis (de Bruijn 2001).

Einhaupl 1991 was a single centre study, performed in a large teaching hospital 

in Munich, Germany. Treatment allocation was concealed by using numbered 

sealed envelopes. Random assignment was done by a computer random 

number generator. The patients and the assessing physician were blinded.  

The treating physician who adjusted the heparin dosage was non-blinded. 

Placebo consisted of continuous saline infusion. The success of blinding was 

not examined. There were no withdrawals after randomization and no patients 

lost to follow-up. All patients were included in the analysis. Baseline data were 

balanced (age, sex, Glasgow Coma Score, CVT severity scale, number with ICH), 

except for treatment delay.

Effects of interventions

We presented results as relative risks with 95% CI and as absolute risk differences 

or absolute risk reductions (ARR). Odds ratios are also provided.

Primary outcome measures

Death from any cause at the end of the scheduled trial follow-up 

Anticoagulant treatment was associated with a relative risk of death of 0.33 

(95% CI 0.08 to 1.21, Figure 1). The absolute reduction in the risk of death was 

-13% (95% CI -27% to 1%)

Figure 1: Overall benefit or harm of (LMWH) heparin, outcome 1 death.

27933_Coutinho .indd   138 31-01-14   12:49



Anticoagulation for CVT: Cochrane review

139

9

Death or dependency at the end of the scheduled trial follow-up period

In both trials, anticoagulant treatment was associated with a non- significantly 

reduced number of patients who were dead or dependent three months after 

the diagnosis of CVT. Einhaupl 1991 did not formally assess dependency. Three 

(out of 10) patients died in the control group, and none died in the heparin 

group. All patients treated with heparin recovered fully, one with mild residual 

symptoms. One of the seven surviving patients in the control group had a CVT 

severity score of 3, indicating severe headache or mild paresis. The others had 

better outcomes.  We classified all surviving patients in the control group as 

independent. In CVT Group 1999 four of the 30 patients treated with nadroparin 

were dead (two patients) or dependent (two patients) after three months. In 

the control group there were four deaths and two patients were dependent. 

Meta-analysis showed a non-significant relative risk of 0.46 (95% CI 0.16 to 1.31) 

in death or dependency associated with anticoagulant therapy (Figure 2). The 

absolute reduction in the risk of death or dependency at follow-up was -13% 

(95% CI -30% to 3%).

Figure 2: Overall benefit or harm of (LMWH) heparin, outcome 2 death or dependency.

Intention-to-treat analysis

One patient in the placebo group of CVT Group 1999 had an incorrect diagnosis 

(arterial ischemic stroke). When the data from this patient were included in a 

full intention-to-treat analysis, the effect estimates for both primary outcomes 

did not materially change, nor did the overall conclusions.

Secondary outcome measures

Confirmed pulmonary embolism

There were no cases of confirmed pulmonary embolism. However, both trials 

each reported one patient in the placebo group with unconfirmed but probable 

pulmonary embolism. In Einhaupl 1991 one patient had severe pulmonary 
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infarction, but details of diagnostic confirmation were not available. In CVT 

Group 1999 one patient suddenly died after initial recovery, presumably due to 

massive pulmonary embolism. Autopsy was not performed.

Symptomatic intracranial hemorrhage (ICH)

In both trials, no new symptomatic ICHs were diagnosed after initiation of 

anticoagulant therapy, despite the fact that many patients who received heparin 

had some degree of ICH on their pre-treatment CT scans (three of 10 patients in 

Einhaupl 1991; 15 of 30 patients in CVT Group 1999). Einhaupl 1991 reported two 

patients in the control group with new ICHs but without clinical details. Since 

this study performed at least two routine CT scans in each patient, we classified 

these hemorrhages as asymptomatic.

Major extracranial hemorrhage

One patient on nadroparin treatment in CVT Group 1999 suffered a major non-

fatal gastrointestinal hemorrhage. This amounts to a pooled relative risk of 2.9 

(CI 0.12 to 68.5) and an absolute risk difference of 2% (95% CI -6 to 11, figure 3).

Figure 3: Severe haemorrhagic complications

Sensitivity analysis

Since the data from the included studies were so sparse we performed a post-

hoc sensitivity analysis including the data from the excluded trials (Maiti 1997; 

Nagaraja 1995). If we included these data, then the pooled relative risk for 

death would be 0.33 (95% CI 0.14 to 0.78). There were insufficient data to allow 

sensitivity analysis for death or dependency.
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Discussion

Efficacy of anticoagulant treatment

The two small trials which met our predefined inclusion criteria showed a non-

significant trend towards fewer deaths or dependency in patients treated with 

anticoagulants. However, the confidence intervals included no effect and the 

combined evidence failed to reach conventional statistical significance.

We excluded two other studies from the analysis (Maiti 1997; Nagaraja 1995). 

Maiti 1997 has only been published as an abstract and important details about 

the study design were not available. Nagaraja 1995 did not meet our predefined 

criterion: CVT was not diagnosed by angiography, MRI/MRA, or CT-venography. 

Nevertheless, it seems likely that most of these women had (puerperal) CVT. 

Interestingly, the small beneficial effect of heparin seen in the included trials was 

also observed in this study: two of the 28 controls died and no deaths occurred 

in the 29 patients treated with heparin. Therefore, these results provide some 

support to the efficacy of heparin in CVT.

The validity of meta-analysis of the two included studies might be questioned 

because different kinds of heparin were used (Benamer 2000). Einhaupl 1991 

used unfractionated, intravenous, dose-adjusted heparin; CVT Group 1999 

used subcutaneous, fixed dose, low-molecular-weight heparin (nadroparin). 

A Cochrane Review of 22 randomized trials among patients with leg-vein 

thrombosis showed a better efficacy and fewer hemorrhages of low-molecular-

weight heparin compared with unfractionated heparin (van Dongen 2004). A 

recent post-hoc analysis of a large prospective cohort study of CVT suggested 

that low-molecular-weight heparin also leads to better outcomes and fewer 

hemorrhagic complications than unfractionated heparin in these patients 

(Coutinho 2010). In addition, results of a small randomized study which directly 

compared low-molecular-weight heparin with unfractionated heparin for CVT 

have been published as an abstract (Modi 2006). This study of 75 patients did 

not show any major differences in efficacy but final results have not yet been 

published. In summary, the differences in efficacy between low-molecular- 

weight heparin and unfractionated heparin, although significant in leg-vein 

thrombosis, are probably not very large, and combining both CVT trials seems 

justified as far as treatment is concerned. A second problem is the difference in 
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the timing of treatment. The average time from initial symptoms to treatment 

was about four weeks in Einhaupl 1991: 32 days in the heparin group, 25 days 

in the controls. In CVT Group 1999 treatment started after an average of 10 days 

in the nadroparin group and 11 days in the control group. Some diagnostic 

delay in CVT is usual.  In two non-randomized cohort studies, average delays of 

four and seven days were reported (Ferro 2001; Ferro 2004). The diagnosis can 

be difficult due to the variable and often non-specific symptoms. In addition, 

the diagnosis was more difficult before the advent of MRI. The long therapeutic 

delay in Einhaupl 1991 may be caused by a diagnostic delay, although even with 

intra-arterial angiography a delay of four weeks from onset of symptoms to 

the start of treatment seems exceptionally long. This delay could also indicate 

that a subgroup of patients with more prolonged course was recruited, for 

instance patients who deteriorated after an initial favorable course without 

anticoagulant treatment.

Pulmonary embolism

One of our predefined outcomes was pulmonary embolism (PE). Two cases of 

clinically diagnosed PE occurred in the placebo groups, but data on diagnostic 

confirmation were not available. These cases point to a potential benefit of 

anticoagulants in CVT. Pulmonary embolism is not rare in CVT and might be 

caused by embolism from a thrombosed sinus or from simultaneous leg-vein 

thrombosis (Diaz 1992). The latter is not unlikely: many patients with CVT are 

in a prothrombotic state and often immobilized. As in leg-vein thrombosis an 

important benefit of anticoagulant treatment in CVT might be the prevention 

of pulmonary embolism.

Intracerebral hemorrhage

The main reason for many clinicians avoiding anticoagulants in CVT was the fear 

of hemorrhagic complications, notably intracerebral bleeding. Many patients 

with CVT have cerebral hemorrhages or hemorrhagic infarcts at the time of 

the diagnosis, before treatment (25% in Einhaupl 1991; 49% in CVT Group 1999). 

Yet, few cases of CVT with hemorrhagic deterioration after heparin have been 

published. In one study of seven patients two new intracerebral hemorrhages 

developed after anticoagulant treatment (Gettelfinger 1977). One patient 

received urokinase in addition to heparin and the other developed CVT while on 

prophylactic subcutaneous heparin (Bousser 1997). In two published case series 
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treated with heparin no new intracerebral hemorrhages occurred (Ameri 1992; 

Bruckner 1998), but in two other uncontrolled series intracerebral hemorrhage 

did occur in 3.6% (Ferro 2001) and 5.4% (Einhaupl 1991) of the anticoagulated 

patients. In the International Study on Cerebral Vein and dural sinus Thrombosis 

(ISCVT), the largest prospective cohort study on CVT, new intracerebral 

hemorrhages occurred in 33 of 520 patients (6%) who were treated with heparin 

in therapeutic dose (Ferro 2004; Girot 2007). However, this study was not designed 

to assess new intracerebral hemorrhages after heparin therapy, and follow-up 

brain imaging was not performed in all patients. In the two trials included in this 

review no symptomatic intracerebral hemorrhages occurred after anticoagulant 

therapy in 40 patients. This suggests that the risk of intracerebral hemorrhage 

in patients with sinus thrombosis who are treated with anticoagulants is low. 

However, 0% symptomatic intracerebral hemorrhages in 40 patients treated with 

(low-molecular-weight) heparin is associated with a 95% confidence interval of 

0% to 9%, thus an incidence of up to 9% new intracerebral hemorrhages cannot 

be excluded.

Extracerebral hemorrhage

One major extracerebral hemorrhage occurred in a patient treated with low-

molecular-weight heparin in CVT Group 1999. This rate (3.3%) is within the range 

to be expected in any group of patients treated with heparin. In a Cochrane 

Review of 22 trials assessing heparin for leg-vein thrombosis, unfractionated 

heparin was associated with 2.1% major hemorrhages and low-molecular- 

weight heparin with 1.0% (van Dongen 2004).

Sensitivity analysis

Our post-hoc sensitivity analysis, including the data from the two trials which 

did not meet our eligibility criteria (Maiti 1997; Nagaraja 1995), were of interest 

but must be interpreted with great caution since they are potentially subject 

to bias. However, the effects observed were consistent with those from the 

included studies and provide limited additional support for our carefully 

worded conclusions.

Anticoagulation in pediatric patients

We did not identify any randomized trial that included pediatric patients 

and data on the safety of heparin in children from other studies are limited 
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(deVeber 2001). As a result, it was not possible to provide an evidence-based 

recommendation from randomized trials on the use of anticoagulation in 

these patients. International guidelines tentatively recommend the use of 

anticoagulation in older children and in selected neonates (Monagle 2008: Roach 

2008; Saposnik 2011) and heparin is being increasingly used in pediatric patients 

(deVeber 2001; Vieira 2010). A recent post- hoc analysis of a prospective cohort 

study of 162 pediatric cases of CVT showed that protocol-based anticoagulant 

treatment (heparin, enoxaparin and warfarin) was associated with a significant 

reduction in thrombus propagation (Moharir 2010) and was associated with new 

or increased bleeding in 6%, all non-fatal bleeds. Propagation was significant 

in that it was associated with new venous infarcts in 10% of neonates and 

40% of children and with worse clinical outcome in children (P = 0.053). While 

these data provide some support for the use of anticoagulation in children, a 

randomized trial seems warranted, especially in neonates.

Authors’ conclusion

Implications for practice

Anticoagulant treatment in patients with cerebral venous sinus thrombosis 

appears to be safe and is associated with an apparent reduction in the risk of 

death or dependency which did not reach statistical significance. In the absence 

of more information from randomized trials clinicians will need to base their 

treatment decisions on the limited information available.

Implications for research

Although the estimated pooled risk reductions did not reach statistical 

significance, patients and doctors may be reluctant to embark upon a new 

trial in adult patients that includes a placebo group. International guidelines 

recommend the use of heparin as the primary treatment of patients with 

CVT, regardless of the presence of baseline intracerebral hemorrhagic lesions 

(Einhaupl 2010; Saposnik 2011), and most physicians follow this recommendation 

(Ferro 2004). In pediatric patients, especially neonates, a randomized trial seems 

warranted.
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Large consecutive cohort studies have helped to identify subgroups of patients 

with a poor prognosis (Ferro 2004). In such patients randomized trials testing 

more aggressive, and probably more hazardous, therapies such as local (direct) 

thrombolysis or thrombosuction, are justified and needed.
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Abstract

Background and purpose: There is no consensus whether to use unfractionated 

heparin or low-molecular weight heparin for the treatment of cerebral venous 

thrombosis (CVT). We examined the effect on clinical outcome of each type of 

heparin. 

Methods: Non-randomized comparison of a prospective cohort study (the 

ISCVT study) of 624 patients with CVT. Patients not treated with heparin 

(n=107) and those who sequentially received both types of heparin (n=99) were 

excluded from the primary analysis. The latter were included in a secondary 

analysis, allocated according to the type of heparin given first. Primary endpoint 

was functional independency at 6 months (Rankin score ≤ 2). Secondary 

endpoints were complete recovery (Rankin 0-1), mortality, and new intracranial 

hemorrhages.

Results: 119 patients received low-molecular weight heparin (28%) and 302 

unfractionated heparin (72%). Significantly more patients treated with low-

molecular weight heparin were functionally independent after 6 months, both 

in univariate analysis (OR 2.1, CI 1.0-4.2) and after adjustment for prognostic 

factors and imbalances (OR 2.4, CI 1.0-5.7). In the secondary analysis there 

was a similar, non-significant trend (OR 1.7, CI 0.80-3.6). Low-molecular weight 

heparin was associated with less new intracerebral hemorrhages (adjusted OR 

0.29 CI 0.07-1.3), especially in patients with intracerebral lesions at baseline 

(adjusted OR 0.19, CI 0.04-0.99). There was no difference in complete recovery 

and mortality. 

Conclusions: This non-randomized study in patients with CVT suggests a 

better efficacy and safety of low-molecular weight heparin over unfractionated 

heparin. Low-molecular weight heparin seems preferable above unfractionated 

heparin for the initial treatment of cerebral venous thrombosis.
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Introduction

Anticoagulation with heparin is widely considered the standard initial therapy 

for patients with acute cerebral venous thrombosis (CVT), but there is no 

consensus on which type of heparin to use, unfractionated or low-molecular 

weight heparin.1–4 Unfractionated heparin (UFH) is administered intravenously 

and requires dose-adjustments based on activated partial thromboplastin time 

(APTT) values. Advantages of UFH are that it may provide a faster therapeutical 

level of anticoagulation and that it can be antagonized with protamine sulfate 

in acute situations. Because of a non-linear dose-response effect, however, UFH 

has an unpredictable anticoagulant effect, which increases the risk of under- 

and overdosing.5 Low-molecular weight heparin (LMWH) has a longer plasma 

half-life and a more stable therapeutic effect, and therefore can be administered 

subcutaneously in a fixed, weight adjusted dose.6 In addition, heparin-induced 

thrombocytopenia occurs less often after treatment with LMWH.7,8

The efficacy and safety of UFH and LMWH have been compared in a number 

of randomized trials in patients with venous thromboembolism (venous 

thrombosis of the leg and pulmonary embolism).9–11 A meta-analysis of these 

trials showed that LMWH is associated with less hemorrhagic complications and 

a lower mortality than UFH.12 For patients with CVT, direct comparisons between 

UFH and LMWH have not been performed, and it is controversial whether UFH 

or LMWH is the best initial treatment for CVT. We therefore analyzed data from 

the International Study on Cerebral Vein and Dural Sinus Thrombosis (ISCVT) 

and compared the outcomes of patients treated with UFH and those treated 

with LMWH.

Methods

Study design

The organization of the ISCVT has been described previously.13 Briefly, the 

ISCVT is a prospective international observational cohort study that included 

624 consecutive adult patients with symptomatic CVT between 1998 and 2001. 

A complete list of participating centers is available in a previous publication.13 

CVT was diagnosed by magnetic resonance venography (MR-V), computed 
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tomography venography (CT-V), conventional angiography, surgery or 

autopsy. The decision whether or not to treat the patient with heparin, as 

well as the choice of heparin type, was left to the treating physician. The type 

of heparin and use of concomitant therapies were registered. Monitoring of 

anticoagulant therapy was performed according to the local hospital protocol. 

Baseline characteristics, risk factors and complications during admission were 

systematically recorded. Repeated cerebral imaging was performed at the 

discretion of the local investigators and documentation of new parenchymal 

lesions was required. Follow-up visits were performed after six months, 12 

months and yearly thereafter. Disability was classified according to the modified 

Rankin scale (mRS, 0 = no symptoms at all, 6 = dead). 

Study population

Patients who were not anticoagulated with heparin, or who only received 

prophylactic doses, were excluded from the analysis. A subset of patients initially 

received UFH, followed by LMWH, or vice versa. We excluded these patients from 

the primary analysis. However, changing the type of heparin may be related to 

the clinical condition of the patient, and thus exclusion of these patients may 

introduce an unknown bias. Therefore, we performed a secondary analysis in 

which we included these patients and allocated them according to the type 

of heparin they received first. Predefined subgroups for analysis were patients 

with an intracerebral lesion at baseline (non-hemorrhagic or hemorrhage) and 

patients with a baseline intracranial hemorrhage.

Endpoints

We considered a modified Rankin score of 0, 1 or 2 (no symptoms; minor 

symptoms; minor handicap; i.e. functional independency) after six months 

the primary outcome. Secondary endpoints were complete recovery (defined 

as a mRS of 0 or 1) at six months, all cause mortality at six months, and the 

occurrence of new intracranial hemorrhages. For patients who missed the six-

month evaluation, we imputed the Rankin score at discharge (last observation 

carried forward).

Statistical analysis

Categorical data were analyzed with the X2 test and continuous data with a 

Mann-Whitney test. For each of the outcome measures the unadjusted odds ratio 
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(OR) with 95% confidence intervals (CI) is provided. In addition, we used logistic 

regression analysis to calculate adjusted OR’s. For the clinical endpoints (the scores 

on the modified Rankin scale), age, gender, thrombosis of the deep cerebral 

venous system, mental status disorder, coma, intracranial hemorrhage, infection 

of the central nervous system, malignancy and focal neurological deficits (motor 

or sensory deficit, neglect, aphasia or hemianopia) were forced into the model as 

independent variables. These variables were chosen because they were significantly 

associated with outcome in a previous analysis of the ISCVT data13, or because 

they are clinically relevant. In addition we adjusted for significant imbalances at 

baseline. For the multivariate analysis of new intracranial hemorrhages we used 

a similar approach, and additionally adjusted for non-hemorrhagic lesions. The 

Hosmer-Lemeshow test was used to determine goodness-of-fit of the regression 

model. In view of the explorative nature of this study we did not correct for multiple 

comparisons.14 All data were analyzed with SPSS 16.0.

Role of the funding source

The funding source had no involvement in the collection, analysis or 

interpretation of the data and neither in any part of writing the manuscript.

Results

One hundred and four of the 624 patients in the original ISCVT cohort (17%) 

did not receive any kind of heparin in therapeutic dose and were excluded 

from the analysis. Ninety-nine patients (16%) sequentially received both LMWH 

and UFH during admission and were excluded from the primary analysis. The 

primary study cohort therefore was composed of 421 patients. One hundred 

and nineteen patients were treated with LMWH (28%) and 302 with UFH (72%). 

The compilation of the study groups is summarized in figure 1. 

The baseline characteristics and risk factors are shown in table 1. Patients treated 

with LMWH were significantly older (41 vs. 36 years), less often had a thrombosis 

of the deep cerebral venous system (5 vs. 13%) and more often had an infection 

as a risk factor (18 vs. 10%), including infection of the central nervous system (4 

vs. 1%). There was no difference in the frequency of pre-treatment intracranial 

hemorrhagic or non-hemorrhagic lesions.
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Figure 1 Compilation of study groups.

Original ISCVT population 
624 patients 

119 patients treated 
with LMWH 

104 patients were not treated with 
therapeutical dose heparin 
-  23 received heparin in prophylactic dose 
-  28 received oral anticoagulants only 
-  50 were treated with antiplatelet drugs 
-  3 were treated with thrombolysis 
-  23 no anticoagulant treatment 

99 patients received both UFH and LMWH 
-  82 patients treated first with UFH 
-  14 patients treated first with LMWH 
-  3 patients not recorded which type of 
heparin was given first 

302 patients treated 
with UFH 

study cohort 
421 patients 

The original ISCVT study included 624 patients. 104 patients were not treated with heparin in therapeutic 
dose and were excluded. The alternative therapies given to these patients are shown. Because some 
patients received multiple therapies, the total does not add up to 104. 99 patients sequentially received 
both UFH and LMWH during admission and were also excluded. Therefore, the primary study group 
cohort is composed of 421 patients, 119 of whom were treated with LWMH and 302 with UFH.

Heparin was started on the day of diagnosis in the majority of patients 

(table 1). Thrombolysis was performed in two percent of patients in each 

group. Furthermore, the proportions of patients who received steroids or 

anticonvulsants during admission did not differ. There was a trend towards a 

longer duration of hospital admission in the UFH treated patients (median 16 

vs. 17 days, p=0.06). During follow-up, most patients were treated with oral 

anticoagulants (81 vs. 85%).
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Table 1 Baseline characteristics and risk factors

LMWH
n = 119

UFH
n = 302

p value

Demographics

Age (years) 41 (29-51) 36 (27-48) 0.02

Gender (% women) 74% 75% 0.85

Developing country 10% 14% 0.26

Clinical presentation

Headache 90% 90% 0.97

Papilledema 27% 28% 0.86

Aphasia 22% 17% 0.24

Motor deficit 30% 37% 0.17

Sensory deficit 7% 5% 0.57

Other focal deficit 5% 3% 0.40

Seizure 41% 39% 0.65

Mental status disorder 19% 23% 0.36

Median GCS (IQR) 15 (15-15) 15 (14-15) 0.08

Coma (GCS < 9) 4% 7% 0.28

Time onset-admission (days) 4 (1-15) 4 (1-9) 0.76

Time onset-diagnosis (days) 7 (3-18) 7 (3-13) 0.20

Radiologic investigations (CT/MRI)

Infarct 46% 51% 0.34

Intracranial hemorrhage 42% 38% 0.42

Any intracerebral lesion 64% 64% 0.97

Thrombosis deep venous system 5% 13% 0.02

Risk factors

Female specific risk factor* 64% 67% 0.54

Genetic thrombophilia 24% 24% 0.97

Acquired prothrombotic condition 20% 17% 0.38

Any infection 18% 10% 0.04

Central nervous system infection 4% 1% 0.03

Malignancy 8% 7% 0.73

No risk factor identified 9% 14% 0.20

Treatment

Time diagnosis – start heparin (days) 0 (0-1) 0 (0-0) 0.80

Duration of hospital admission (days) 16 (10-23) 17 (11-26) 0.06

Thrombolysis 2% 2% 0.99

Anticonvulsants 45% 43% 0.78

Steroids 27% 25% 0.66

Oral anticoagulants during follow-up 81% 85% 0.27

LMWH = low-molecular weight heparin; UFH = unfractionated heparin; GCS = Glasgow coma scale; 
Continuous variables are given as medians with interquartile range (IQR). Definitions: “developing 
country” are countries classified as “low“, or “lower middle” gross national income according to definitions 
of the world bank; “acquired prothrombotic condition” includes nephrotic syndrome, antiphospholipid 
antibodies, and hyperhomocysteinemia; “Female specific risk factor” includes pregnancy, puerperium, 
and use of oral contraceptives or hormone replacement therapy. *Percentage of women is given.
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Approximately a quarter of the patients in each group deteriorated during 

admission, predominantly within the first days after the diagnosis (median 

two days for each group, table 2). More patients treated with UFH developed 

a depressed consciousness (11 vs. 17%) or an altered mental state (4 vs. 8%), 

while new seizures were more common in LMWH treated patients (10 vs. 6%), 

but none of these differences were statistically significant. One patient in each 

group had a leg-vein thrombosis, and one patient treated with LMWH suffered 

from a gastrointestinal hemorrhage. Cerebral imaging was repeated during 

admission in 41% and 44% of LMWH and UFH treated patients respectively. New 

intracerebral lesions were identified in nine patients treated with LMWH, and in 

29 patients treated with UFH (that is, 18% and 22% of patients who underwent 

repeated imaging respectively). The frequency of new non-hemorrhagic lesions 

did not differ between the groups, but new intracranial hemorrhages were more 

common among UFH treated patients (five vs. 21 patients; 10 vs. 16%, p=0.35).

Table 2 Complications during hospital admission

LMWH
N = 119

UFH
n = 302

P value

Clinical worsening 23% 26% 0.55

Time diagnosis – clinical worsening (days) 2 (0-4) 2 (0-5) 0.72

Type of worsening*

Depressed consciousness 11% 17% 0.15

Altered mental state 4% 8% 0.14

New focal deficit 7% 7% 0.93

New seizure 10% 6% 0.10

Extracerebral thrombotic event 1% 0% 0.52

Extracerebral hemorrhagic event 1% 0% 0.28

Nr. patients who underwent repeated CT or MRI 48 (41%) 133 (44%) 0.51

New infarct† 10% 11% 0.85

New hemorrhage† 10% 16% 0.35

Any new intracerebral lesion† 18% 22% 0.63

LMWH = low-molecular weight heparin; UFH = unfractionated heparin; Continuous variables are given 
as median with interquartile range between brackets.
*The individual percentages do not add up to the corresponding total percentages, because some 
patients had more than one kind of clinical worsening.
†Percentage of patients that underwent repeat CT or MRI is given
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Figure 2 Scores on the modified Rankin scale at six months

UFH

LWWH

mRS=0    mRS=1    mRS=2    mRS=3    mRS=4    mRS=5    mRS=6

41% 
49/119 

37% 
44/119 

13% 
16/119 

1% 
1/119 

2% 
2/119 

6% 
7/119 

46% 
140/302 

32% 
95/302 

6% 
19/302 

4% 
13/302 

3% 
10/302 

0% 
1/302 

8% 
24/302 

The scores on the modified Rankin scale at six months are shown. For each score the number of patients 
and corresponding percentages are shown. Top: low molecular weight heparin (LMWH). Bottom: 
unfractionated heparin (UFH). 

Table 3 Primary and secondary endpoints

Univariate analysis Multivariate analysis†

LMWH
n = 119

UFH
n = 302

Unadjusted
OR (95% CI)

P value Adjusted
OR (95% CI)

P value

Primary endpoint

Independency (mRS 0-2) 92% 84% 2.1 (1.0-4.2) 0.04 2.4 (1.0-5.7) 0.04

Secondary endpoints

Complete recovery (mRS 0 or 1) 78% 78% 1.0 (0.61-1.7) 0.94 0.94 (0.55-1.9) 0.94

Mortality 6% 8% 0.72 (0.30-1.7) 0.47 0.81 (0.29-2.3) 0.70

New intracranial hemorrhage* 10% 16% 0.61 (0.22-1.7) 0.35 0.29 (0.07-1.3) 0.10

LMWH = low-molecular weight heparin; UFH = unfractionated heparin
*Percentage of patients that underwent repeat CT or MRI is given
†P-value for Hosmer-Lemeshow test was >0.20 and <0.85 for each of the multivariate analyses

Clinical outcome data at six months were available for 108 (91%) and 277 

(92%) patients treated with LMWH and UFH respectively. The missing data of 

36 patients were imputed with the score at discharge. The distribution of the 

Rankin score of each group is shown in figure 2. Significantly more patients 

treated with LMWH were functionally independent (mRS 0-2) at six months 

than with UFH (92 vs. 84%, OR 2.1, 95% CI 1.0-4.2, table 3). After adjustment 

for known prognostic factors, LMWH remained significantly associated with a 
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good outcome (adjusted OR 2.3, 95% CI 1.0-5.3). If only patients were analyzed 

who had a follow-up evaluation at six months, the results were essentially the 

same (independency 92 vs. 85%, OR 2.0, 95% CI 0.92-4.2). The rates of complete 

recovery and mortality at six months did not differ between the groups. In the 

multivariate analysis, there was trend towards less new intracranial hemorrhages 

among LMWH treated patients (adjusted OR 0.31, 95% CI 0.08-1.2, table 3).

Table 4 Subgroup analyses

Univariate analysis Multivariate analysis

Subgroup LMWH UFH Unadjusted
OR (95% CI)

P 
value

Adjusted
OR (95% CI)

P 
value

Baseline intracranial hemor-
rhage or infarct

n = 76 n = 194

Independency (mRS 0-2) 91% 78% 2.8 (1.2-6.6) 0.01 3.0 (1.1-8.3) † 0.04

Complete recovery (mRS 0 or 1) 71% 71% 1.0 (0.56-1.8) 0.99 0.77 (0.37-1.6)† 0.48

Mortality 8% 11% 0.71 (0.27-1.8) 0.47 1.1 (0.33-3.4)† 0.93

New intracranial hemorrhage* 11% 21% 0.48 (0.15-1.5) 0.20 0.19 (0.04-0.99)† 0.05

Baseline intracranial 
hemorrhage

n = 50 n = 115

Independency (mRS 0-2) 86% 72% 2.5 (1.0-6.1) 0.04 2.6 (0.90-7.6)† 0.08

Complete recovery (mRS 0 or 1) 64% 63% 1.1 (0.53-2.1) 0.87 0.82 (0.36-1.9) ‡ 0.63

Mortality 12% 13% 0.91 (0.33-2.5) 0.85 1.2 (0.36-3.9) † 0.78

New intracranial hemorrhage* 12% 28% 0.36 (0.094-1.4) 0.12 0.21 (0.04-1.2)‡ 0.09

Secondary analysis n = 133 n = 384

Independency (mRS 0-2) 91% 86% 1.7 (0.87-3.3) 0.12 1.7 (0.80-3.6)† 0.17

Complete recovery (mRS 0 or 1) 77% 79% 0.89 (0.56-1.4) 0.64 0.82 (0.47-1.4)† 0.49

Mortality 6% 7% 0.92 (0.40-2.1) 0.84 1.1 (0.42-2.9)† 0.84

New intracranial hemorrhage* 12% 15% 0.78 (0.32-1.9) 0.57 0.58 (0.19-1.8)‡ 0.34

Primary and secondary endpoints for the predefined subgroups are shown. In the secondary analysis 
patients who sequentially received both LMWH and UFH were included and allocated according to the 
type of heparin they received first.
LMWH = low-molecular weight heparin; UFH = unfractionated heparin
*Percentage of patients who underwent repeat CT or MRI is given; †P-value for Hosmer-Lemeshow test 
>0.20 and <0.85; ‡P-value for Hosmer-Lemeshow test <0.19 or >0.86

Table 4 shows data of the patients who had an intracranial hemorrhage or infarct 

before treatment with heparin. Similar to the primary study cohort, LMWH 

was associated with functional independency at six months (adjusted OR 2.9, 

95% CI 1.1-8.0). In addition, LMWH treated patients had significantly less new 

intracranial hemorrhages (adjusted OR 0.19, 95% CI 0.04-0.94), while there was 

no difference in the rate of repeated cerebral imaging in this subgroup (47 vs. 

52%). A separate analysis of the patients who had an intracranial hemorrhage 

at baseline yielded similar results (table 4).
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Of the 99 patients who received both UFH and LMWH, 14 were treated first 

with LMWH and 82 with UFH. In three patients it was not possible to determine 

which type of heparin was given first. Differences in baseline characteristics and 

risk factors were similar as the primary cohort (data not shown). Inclusion of 

these 96 patients according to the treatment they received first (the secondary 

analysis, table 4) indicated that an independent outcome at six months was 

still more common in LWMH treated patients (91 vs. 86%), but the difference 

was no longer statistically significant (adjusted OR 1.6, 95% CI 0.75-3.4). New 

intracranial hemorrhages were identified in seven patients first treated with 

LMWH and in 26 patients first treated with UFH (12 vs. 15% of patients who 

underwent repeated cerebral imaging).

Discussion

This is the first study in which the relationship between the type of heparin used 

to treat patients with CVT and clinical outcome is examined. Our data suggest 

that LMWH results in better outcomes and less hemorrhagic complications than 

UFH. Significantly more patients treated with LMWH were independent at six 

months, both in univariate analysis and after adjustment for known prognostic 

variables. New intracranial hemorrhages were less common among LMWH 

treated patients, but this was not statistically significant in the primary analysis. 

We did not find a difference in the rate of complete recovery (Rankin 0-1), either 

in the primary analysis or in any of the subgroups. This reflects the general 

good outcome for the majority of patients with CVT, regardless of the type of 

heparin used. Nevertheless, LMWH may make a clinically relevant difference for 

a significant minority of patients.

A minority of patients were sequentially treated with both UFH and LMWH, 

most of them first with UFH. The decision to change the type of heparin may 

have been motivated by several reasons. For instance, if a patient deteriorates, 

most notably in the case of a hemorrhagic complication, a physician may decide 

to switch to another type of heparin. Also, a switch to LMWH can be made if a 

patient has improved enough to be mobilized or discharged, since LMWH does 

not require intravenous access. Furthermore, some physicians may always start 

with UFH, based upon the idea that an adequate level of anticoagulation is 
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achieved more rapidly with UFH, and then change to LMWH after a few days. 

Finally, it is possible that the type of heparin changed if a patient is transferred 

to another department or to the care of another physician. Because the reason 

to change the treatment regimen was not recorded, we excluded these patients 

from the primary analysis. In a secondary analysis we allocated these patients 

according to the type of heparin they received first. In this analysis the contrast 

between LMWH and UFH was not significant anymore, but there was a similar 

trend towards better outcomes for LMWH treated patients and more intracranial 

hemorrhages after UFH treatment.

We were especially interested in the subgroup of patients with intracerebral 

lesions caused by CVT, before treatment. These lesions are caused by thrombosis 

and occlusion of cortical veins and the risk of new or increased intracerebral 

hemorrhage is higher in these patients. Nevertheless, experts and guidelines, 

supported by evidence from a few small trials, recommend heparin as standard 

treatment for CVT, even in the presence of intracerebral lesions, because the 

benefit outweighs this risk.1,15–17 Interestingly, in the subgroup of patients 

with pre-treatment intracerebral lesions, the number of new intracerebral 

hemorrhages was essentially the same for patients treated with LMWH as in the 

entire cohort (11 and 10% respectively). On the other hand, in patients treated 

with UFH, the number of new hemorrhages was higher in the subgroups:  

21% in the all lesion subgroup and 28% in the patients with pre-treatment 

hemorrhages, compared to 16% in the entire cohort. Accordingly, the contrast 

in rates of good outcomes between LMWH and UFH treated patients were 

larger in this subgroup, in favor of LMWH. A plausible explanation for this 

finding is that LMWH combines a better safety profile with equal or better anti-

coagulant efficacy, which becomes more conspicuous in patients with baseline 

intracerebral lesions.

Our results are in complete agreement with data from randomized trials in 

non-cerebral venous thromboembolism. A Cochrane meta-analysis of 22 

trials, including almost 9000 patients, convincingly showed that treatment 

with LMWH results in significantly less thromboembolic recurrences (OR 0.68), 

less major hemorrhagic complications (OR 0.57), a higher recanalization rate 

(OR 0.69) and a lower mortality (OR 0.76) than UFH.12 The superior safety and 

efficacy of LMWH in leg-vein thrombosis is probably due to its pharmacokinetic 
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properties. Contrary to LMWH, UFH requires frequent aPTT measurements and 

dose adjustments, which has proven to be difficult to implement in practice. 

A British audit of 45 consecutive patients who received UFH during admission 

showed that patients were adequately anticoagulated less than a quarter of 

the time.18 Most of the time patients were below the therapeutic range, but 

overdosing also frequently occurred. There is a robust correlation between 

subtherapeutic aPTT values and the risk of recurrent thrombosis,19 and the likely 

effect of overdosing UFH is an increased risk of hemorrhagic complications.20 

Other studies have demonstrated that it often takes more than 24 hours until 

patients are adequately anticoagulated with UFH, even if a treatment algorithm 

is used.21,22 Thus, the theoretical advantage of more rapid anticoagulation with 

intravenous UFH is probably rarely realized in practice.

Our study has several limitations. First, information on which types of LMWH 

drugs were used, and in which dosage, was not recorded in the ISCVT study. 

For the same reason, aPTT values in the UFH treated patients are not available. 

Another limitation is that the study is non-randomized. Even though the 

two groups were well balanced regarding most baseline characteristics, and 

we minimized the risk of bias by adjusting for prognostic factors, we cannot 

exclude the possibility that the results are in part caused by some unknown 

confounding variable. A direct comparison between LMWH and UFH in a 

randomized controlled trial would obviously be superior. However, considering 

the number of patients that would be required for such a trial, the rarity of CVT, 

and the good outcome of most patients, it seems unlikely that such a trial is 

feasible. In the absence of trial data, we believe that our results, derived from the 

largest prospective cohort study on CVT, provide the best available evidence 

at this moment. 

In conclusion, the results of this non-randomized study suggest that LMWH 

leads to better outcomes and less hemorrhagic complications than UFH in 

patients with cerebral venous thrombosis, especially in those with baseline 

intracerebral lesions. In combination with data from large randomized trials in 

extracerebral venous thromboembolism, a plausible pathophysiological basis 

and obvious advantages of LMWH in daily practice, LMWH seems preferable 

above UFH for the initial treatment of patients with cerebral venous thrombosis.
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Abstract

Rationale

Endovascular thrombolysis, with or without mechanical clot removal (ET), may 

be beneficial for a subgroup of patients with cerebral venous sinus thrombosis 

(CVT), who have a poor prognosis despite treatment with heparin. Published 

experience with ET is promising, but only based on case series and not on 

controlled trials.

Aim

The objective of the TO-ACT trial is to determine if ET improves the functional 

outcome of patients with a severe form of CVT.

Design

The TO-ACT trial is a multi-centre, prospective, randomized, open-label, blinded 

endpoint (PROBE) trial. Patients are eligible if they have a radiologically proven 

CVT, a high probability of poor outcome (defined by presence of one or more of 

the following risk factors: mental status disorder, coma, intracranial hemorrhagic 

lesion or thrombosis of the deep cerebral venous system) and if the responsible 

physician is uncertain if ET or standard anti-coagulant treatment is better. 164 

patients (82 in each treatment arm) will be included to detect a 50% relative 

reduction (from 40 to 20%) of poor outcomes (two-sided alpha 0.05, 80% power).

Study

Patients will be randomized to receive either ET or standard therapy (therapeutic 

doses of heparin). ET consists of local application of rt-PA or urokinase within 

the thrombosed sinuses. Mechanical clot removal, such as thrombosuction, 

is allowed, but not mandatory. Patients randomized to ET will be treated 

with heparin before and after the interventional procedure, according to 

international guidelines. Glasgow coma score, NIH stroke scale and relevant 

laboratory parameters are assessed at baseline. 

Outcomes

The primary endpoint is the modified Rankin score (mRS) at 12 months, with 

a score ≥2 defined as poor outcome. Secondary outcomes are 6 months mRS, 

mortality and recanalization rate. Major intra- and extracranial hemorrhagic 
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complications within one week after the intervention are the principal safety 

outcomes. Results will be analyzed according to the “intention-to-treat” principle. 

Blinded assessors (physicians or research nurses) not involved in the treatment 

of the patient will assess endpoints with standardized questionnaires.
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Introduction

Cerebral venous and sinus thrombosis (CVT) has an estimated incidence of 

3-4 per million/year. It occurs in similar clinical circumstances as the more 

common conditions of leg-vein thrombosis and pulmonary embolism, such 

as pregnancy and post partum, in patients with hematological diseases or 

cancer, but also in local conditions, such as head trauma, infections, and 

meningitis.1-3 The main consequences of CVT are localized cerebral edema due 

to impaired venous drainage, cerebral venous infarcts (often hemorrhagic), and 

intracerebral or localized subarachnoid hemorrhages. Venous obstruction and 

impaired drainage of the cerebrospinal fluid cause acute or chronic intracranial 

hypertension, often with papilledema and sometimes threatened vision. Venous 

cerebral infarcts and hemorrhages may cause epilepsy, severe neurological 

morbidity or death. On the other hand, thrombosed cerebral veins and sinuses 

may recanalize without leaving any permanent damage, and the majority of 

patients recover without sequelae.3 

Heparin is considered the standard therapy for patients with CVT.4,5 The efficacy 

of heparin therapy has been examined in three small randomized trials, two in 

Europe and one in India.6-8 These studies showed a beneficial, but statistically 

non-significant effect of heparin. Meta-analysis of the two studies that met pre-

defined methodological standards showed a pooled relative risk reduction of 

46% (95% CI 0.16 to 1.31) for death or dependency after anticoagulant therapy 

as compared to placebo.9 

Despite the effect of anti-coagulant treatment, approximately 20% of the 

patients has an incomplete recovery, defined as a Rankin score of 2 or worse. In 

the “International Study on Cerebral Vein and dural sinus Thrombosis” (ISCVT), 

the largest prospective cohort study of 624 patients, 21% had a poor outcome 

(death 8%, Rankin 2 or worse: 13%) after an average follow-up of 16 months.3 

Most patients (80%) had been treated with heparin. In a logistic regression 

analysis the following factors were associated with a poor outcome: age, male 

gender, mental status disorder, coma, thrombosis of the deep cerebral venous 

system, intracranial hemorrhage, infection of the central nervous system and 

malignancy. The three disease-related factors most strongly associated with 

incomplete recovery were mental status disorder, coma, and thrombosis 
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of the deep venous system, all with odds ratios of 2 or higher. In 30% of all 

patients (186/624) one or more of these three risk factors were present. Of these 

patients, 40% was handicapped or had died at 6 months. Thus, based on these 

variables, it is possible to identify about 1/3 of all patients with CVT with a high 

risk of incomplete recovery, despite treatment with heparin. For those patients, 

endovascular treatment may give better results than treatment with heparin.

While heparin mainly prevents extension of thrombosis, endovascular 

thrombolysis (ET) can dissolve the thrombus by application of a thrombolytic 

substance within the occluded sinuses, which may result in rapid recanalization. 

The theoretical advantage of ET over systemic thrombolysis is that the drug is 

only delivered where needed and downstream from areas of vascular congestion 

which are at risk to hemorrhage. ET can be combined with mechanical 

endovascular techniques, such as thrombus disruption with a guiding catheter, 

thrombosuction with a rheolytic catheter, and thrombus removal with a balloon 

catheter.10-12 To apply the thrombolytic drugs into the sinus, a catheter has to 

be advanced into the thrombus, usually via the femoral or jugular vein, and 

gradually moved to a more distal position while the thrombus is dissolved. 

Often, the catheter is left in situ, and the thrombolytic drug is infused locally 

for variable periods of time, often for 24 to 72 hours.12,13 

The published experience with ET for CVT consists of case reports and case 

series.13,14 Interpretation of the results is difficult because of the variability 

of patient selection and procedures. Some studies do not give data on the 

clinical condition of the patient before endovascular treatment or the clinical 

outcome after the procedure. A systematic review of all published cases up 

to July 2001 identified 72 publications describing a total of 169 patients, all 

single case reports or uncontrolled case series.13 Urokinase and rt-PA were 

the most frequently used thrombolytic drugs, respectively in 75% and 22% of 

the patients. Infusion of the thrombolytic drug was performed locally in the 

cerebral venous system in 88% of the patients and systemically in 10% (in 2% a 

combination was applied). There was much variability in dosage and duration of 

ET. Duration of thrombolytic treatment ranged from less than one hour to more 

than 10 days, but without an apparent association with outcome. One third 

of the patients had an intracranial hemorrhage on their pre-treatment (CT or 

MR) scan, and 32% were comatose. New symptomatic intracranial hemorrhages 
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were reported in 5% of the cases. Mortality at the end of follow-up was 9%, 

and 4% of the patients were dependent (Rankin 3-5). Since these studies are 

uncontrolled, they do not allow reliable conclusions about the efficacy of ET 

for CVT. However, the large number of patients in coma (32%, as opposed to 

5% in the ISCVT study) suggests that the clinical spectrum in these publications 

included many severe cases. Yet, the pooled outcome is similar to that in heparin 

treated patients in the ISCVT. This suggests that ET may be a more effective 

treatment for CVT than heparin. However, the apparently good results may also 

be explained by publication bias. In the ISCVT, only 13 (of 624) patients were 

treated with ET, 5 of whom (38%) were dead or dependent at 6 months follow-

up. Furthermore, in a single-centre prospective case series, 6 of 20 patients 

treated with ET died.11 A Cochrane review did not identify controlled clinical 

trials regarding endovascular treatment for CVT, and the authors concluded 

that a trial is urgently needed.14

From all available data we conclude that a randomized trial to compare heparin 

and ET for the treatment of patients with severe CVT is justified and needed.

Methods

Design

The ‘Thrombolysis Or Anticoagulation for Cerebral venous Thrombosis (TO-ACT) 

study’ is an international, multicenter prospective, randomized, open-label, 

blinded endpoint (PROBE) trial. A blinded, placebo controlled trial is unethical 

due to the invasive nature of the endovascular procedure. To minimize the 

risk of bias associated with an open-label study the primary and secondary 

endpoints will be assessed by trained nurse or neurologists, blinded to the 

treatment allocation. 

Patient population

All adult patients with severe CVT who are admitted to one of the participating 

hospitals are eligible for randomization if they meet the inclusion and exclusion 

criteria described below.
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Inclusion Criteria

• CVT, confirmed by cerebral angiography (with intra-arterial contrast 

injection), magnetic resonance imaging (preferably with MR-venography) or 

computed tomographic venography.

• Severe form of CVT, as defined by the presence of one or more of the following 

risk factors

- Intracerebral hemorrhagic lesion due to CVT

- Mental status disorder

- Coma (Glasgow coma scale < 9)

- Thrombosis of the deep cerebral venous system

• Uncertainty by the treating physician if ET or standard heparin therapy is the 

optimal therapy for the patient.

Exclusion Criteria

• Age less than 18 years

• Duration from diagnosis to randomization of more than 10 days 

• Recurrent CVT

• Any thrombolytic therapy within last 7 days

• Pregnancy (women in the puerperium may be included)

• Isolated cavernous sinus thrombosis

• Isolated intracranial hypertension (without focal neurological signs, with the 

exception of papilledema and 6th cranial nerve palsy)

• Cerebellar venous thrombosis with 4th ventricle compression and 

hydrocephalus, which requires surgery

• Isolated thrombosis of the cerebral veins, without thrombosis of any of the 

sinuses, such as cortical venous thrombosis

• Contraindication for anti-coagulant or thrombolytic treatment

- documented generalized bleeding disorder

- thrombocytopenia (<100 x 10E9/L)

- documented severe hepatic or renal dysfunction, that interferes with 

normal coagulation

- uncontrolled severe hypertension (diastolic > 120 mm Hg)

- known recent (< 3 months) gastrointestinal tract hemorrhage (not 

including hemorrhage from rectal hemorrhoids)

• Any known associated condition (such as terminal cancer) with a poor short 

term (1 year) prognosis independent of CVT
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• Clinical and radiological signs of impending transtentorial herniation due 

to large space-occupying lesions (e.g. large cerebral venous infarcts or 

hemorrhages)

• Recent (< 2 weeks) major surgical procedure (does not include lumbar 

puncture) or severe cranial trauma

• Known allergy against contrast fluid used during endovascular procedures 

or the thrombolytic drug used in that particular centre

• Legally incompetent prior to CVT

Additional notes on the exclusion criteria: 

1. Intracerebral hemorrhage, hemorrhagic infarction, or subarachnoid 

hemorrhage as a result of CVT are not exclusion criteria.

2. Initial treatment with heparin is not an exclusion criterion. Patients who 

deteriorate while on heparin treatment may be included and randomized if 

they fulfill the criteria.

Randomization

After eligibility has been confirmed and written informed consent obtained, a 1:1 

randomized allocation will be made to endovascular thrombolytic treatment or 

(continuation of) any therapeutic heparin regimen. The randomization procedure 

is computer- and web-based, within permuted blocks and stratified by:

- Pre-treatment intracranial hemorrhage

- Coma

Randomization software is made available by the Clinical Research Unit of the 

Academic Medical Centre.

Treatment

The investigational or standard care treatment should begin as soon as possible 

after the diagnosis, and not later than 24 hours after randomization.

Investigational treatment: endovascular thrombolysis

Various methods exist for endovascular treatment of CVT.11;15-17 The TO-ACT 

trial does not prescribe a mandatory protocol for ET. The exact thrombolytic 

procedure is a decision of the local investigators, and should comply with local 

procedures and experience, but within boundaries, as described below.
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The minimum requirement is that a catheter is introduced into one or more 

thrombosed sinuses under angiographic control. Access to the cerebral venous 

system must be via the jugular or femoral vein. The use of a multi-side hole 

catheter (instead of an end-hole) is advisable. The interventionalist may use 

either alteplase (rt-PA) or urokinase. Combined use of rt-PA and urokinase in a 

single patient is not allowed. The thrombolytic drug must be infused directly 

into the thrombosed sinus. The use of bolus infusions, as well as the duration and 

dosage of the thrombolytic treatment is the decision of the local investigators, 

and may vary according to the degree of recanalization achieved. The aim of the 

procedure is to restore venous flow – to the extent possible - in the thrombosed 

veins and/or sinuses. Complete recanalization of the cerebral venous system is 

commendable, but not mandatory, and often not attainable. Maximum dosages 

for both urokinase and rt-PA are as follows. 

Dosage limits for rt-PA:

- Intrasinus injection during interventional procedure: maximum 30 mg

- Continuous local infusion: maximum 1.5 mg/hr

Dosage limits for urokinase:

- Intrasinus injection during interventional procedure: maximum 600.000 IU

- Continuous local infusion: maximum 100.000 IU/hr

Note: These are maximum dosages, not the advised dosages. Interventionalists 

should attempt to achieve recanalization with the lowest possible dose.

Continuous infusion into the cerebral sinus by leaving a catheter in situ is 

allowed and depends upon the initially achieved degree of recanalization. The 

decision whether or not to use continuous infusion is left to the interventionalist. 

Placement of the catheter should be as distally in the thrombosed sinus as 

possible. Radiological control of venous flow should be performed at least 

every 24 hours, but preferably every 12 hours, as long as the catheter is in situ. 

The duration of continuous infusion may not exceed 72 hours, and should 

be discontinued earlier if sufficient recanalization has occurred. If there is no 

apparent progression of recanalization after 24 hours of infusion, the continuous 

infusion should also be terminated.
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The use of mechanical clot disruption and removal, such as microcatheters, 

balloon angioplasty and rheolytic catheters, is allowed and at the discretion of 

the responsible physicians, in accordance with local policy and experience.10-12 

The use of mechanical clot removal will be documented in all cases.

Anticoagulation during thrombolytic procedures with heparin (low-molecular 

weight heparin or unfractionated heparin) is allowed, but not mandatory, and is 

up to the local investigator. Heparin therapy must be started (or continued) after 

thrombolytic procedure in all patients, as standard treatment for CVT, according 

to international guidelines.4,5 Heparin must be started at the latest 24 hours 

after termination of the thrombolysis. If continuous infusion with urokinase or 

alteplase is used after the primary endovascular procedure, termination of this 

infusion is considered the end of the thrombolytic procedure.

All investigators must submit a local ET protocol from their own department for 

central review and approval before they can join the study. The interventionalist 

performing the procedure must be experienced in neuro-endovascular techniques. 

In addition, experience with ET either for CVT or ischemic stroke is required.

Thrombolytic treatment will be stopped immediately if one of the following 

complications arises:

- Major extracranial hemorrhage

- Clinical deterioration due to new intracranial hemorrhage or due to 

hemorrhagic transformation of a cerebral infarct

- Need for (neuro-)surgical intervention

Standard care: Heparin

The patients randomized to standard care will receive (or continue) either 

intravenous adjusted dose unfractionated heparin (aPTT value within 1.5 to 2.5 

times the normal value), or any type of body-weight adjusted low-molecular 

weight heparin in therapeutic dose, according to local custom and international 

guidelines.4,5 Investigators are free to choose the type of heparin, although the 

steering committee advocates the use of low-molecular heparins because of 

a better safety profile in leg-vein thrombosis and possibly also in CVT (18). All 

investigators must submit a local heparinisation protocol for central approval 

before they can join the study. Any change in type of heparin will be documented.
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Long term anticoagulation

After the acute phase, patients in both treatment arms should receive oral 

anticoagulation (vitamin K antagonists), as standard treatment after CVT, for a 

minimum of 3 months if a transient risk factor was present and 6-12 months in 

other cases, in agreement with international guidelines.4,5 The exact duration of 

long term anticoagulation is left to the local investigator. Oral anticoagulation 

should not be started within 48 hours after the thrombolytic procedure.

Primary outcome 

Outcome on the modified Rankin Scale (mRS) at 12 months after randomization 

is the primary outcome to determine the efficacy of thrombolytic treatment. For 

the primary endpoint the mRS will be dichotomized between 1 and 2 (i.e. poor 

outcome is defined as a score of 2 or higher, including death).

Secondary outcomes

1. Incomplete recovery (mRS ≥ 2) at 6 months

2. Rate of death or dependency at 6 and 12 months (mRS 3-6)

3. mRS (non-dichotomized) at 6 and 12 months 

4. Recanalization at 6 months assessed with MR-venography or CT venography

5. All cause mortality at 6 and 12 months

6. Surgical intervention in relation to CVT (ventricular shunting procedures and 

craniotomy or craniectomy)

Safety outcomes

1. Safety of ET as defined by major extracranial hemorrhagic complications 

and symptomatic intracranial hemorrhagic complications within one week 

following the intervention

2. All other serious adverse events

Data Safety Monitoring Board

The Data Safety Monitoring Board (DSMB) is an independent committee of 

trial experts who will monitor safety and effectiveness data. The DSMB consists 

of three members: 2 clinicians and 1 epidemiologist. The DSMB performs 

ongoing safety surveillance, with emphasis upon serious adverse events, 

notably hemorrhagic, thrombo-embolic and other complications. The DSMB 

can recommend the Steering Committee of the study to terminate the study 

27933_Coutinho .indd   175 31-01-14   12:49



Chapter 11

176

when there is clear and substantial evidence of harm or benefit. The DSMB 

will additionally perform two interim analyses after 55 and 110 patients (1/3rd 

and 2/3rd of all patients) have been randomized and completed the 12-month 

follow-up evaluation.

Reporting of serious adverse events

The study utilizes a web-based Serious Adverse Event (SAE) Reporting system. 

The digital SAE form contains all information required by the regulatory 

authorities. In the case of a serious event or a suspected unexpected serious 

adverse reaction (SUSAR), the site investigator must report details of the SAE/

SUSAR to the AMC trial centre within 24 hours by filling in this web-based form. 

The AMC trial centre in turn will notify the appropriate national coordinator 

of the presence and nature of the SAE/SUSAR within 24 hours. The national 

coordinators are responsible for submitting unblinded reports of SAE/SUSARs 

to the appropriate regulatory authorities and ethics committees of their country 

in accordance with their local laws and within the required time windows. If for 

whatever reason, a site investigator cannot submit an SAE/SUSAR form through 

the web-based system, the AMC trials centre should be informed by any other 

means of communication (fax, phone or email) within 24 hours. 

Sample size

Calculation of the sample size is based on an expected incidence of incomplete 

recovery of 40%, defined as a score of 2 or worse on the modified Rankin 

Scale or death, among patients receiving standard treatment (heparin group). 

Reduction of this number to 20% or less would represent a clinically important 

improvement. Using a two group Chi-square test with a 0.05 two-sided 

significance level we will have 80% power to detect this difference when the 

sample size in each group is 82 patients (164 patients in total).

Statistical Analyses

Univariate and multivariate analyses

The results will be analyzed according to the “intention-to-treat” principle. The 

primary analysis will focus on the number of patients in poor clinical condition at 

12 months after randomization (mRS ≥ 2, including death). The effect size will be 

expressed in relative risk estimates and absolute risk reduction. With regard to 

the Rankin scale scores (mRS ≥ 2) at 6 months, and rate of death or dependency 
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at 6 and 12 months (mRS 3-6), we will follow the same approach. Additionally 

we shall analyze the 6 and 12-months Rankin scores with multivariate logistic 

regression, with adjustment (if necessary) for relevant baseline imbalances. The 

remaining secondary outcome parameters (survival, recanalization, full mRS 

score and surgical interventions) will be analyzed with Kaplan-Meier survival 

curves and the log-rank test, X2 test, Mann-Whitney test and ordinal logistic 

regression, when appropriate. In all analyses, statistical uncertainty will be 

expressed as 95% confidence intervals.

Interim analyses

The DSMB will perform two unblinded interim analyses on the safety endpoints 

and the primary outcome to assess the strength of the efficacy data when 

one-third (55) and two-thirds (110) of the patients have been randomized and 

followed-up. As a stopping rule we use the Haybittle-Peto method: 

- Interim analysis 1: p = 0.001

- Interim analysis 2: p = 0.001

- Final analysis: p = 0.05

The DSMB will also check the assumptions for the sample size calculation. The 

analysis will be performed by an independent statistician of the AMC Clinical 

Research Unit, who has no responsibility for the management of the trial. The 

DSMB can recommend the Steering Committee of the trial to:

- Terminate the study when there is clear and substantial evidence of benefit of 

either of the two treatment arms. The Steering Committee and the DSMB will 

agree on stopping rules and the statistical methods for analysis of efficacy 

beforehand.

- Terminate the study if accrual rate is too low or the calculated sample size 

turns out to be too small to detect a treatment benefit of ET.

Predefined subgroup-analyses

Because only a limited number of patients are included in this trial, the results of 

subgroup analyses can only be used for hypothesis generation, not to determine 

treatment efficacy within subgroups. Subgroup analyses will also be performed 

in case of a negative primary outcome. Predefined subgroups are:

- Patients with an intracranial hemorrhage before randomization

- Patients who were comatose before randomization
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- Patients with a thrombosis of the deep cerebral venous system

- Patients treated with rt-PA vs. urokinase

- Patients treated with mechanical thrombectomy in addition to thrombolysis
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Jan Stam, neurologist, Amsterdam, The Netherlands (chair)
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Emmanuel Houdart, radiologist, Paris, France

Rob de Haan, epidemiologist, Amsterdam, The Netherlands

Data safety and monitoring board

Jaap Kappelle, neurologist, University Medical Center Utrecht, The Netherlands 

(chair)

Ale Algra, epidemiologist, University Medical Center Utrecht, The Netherlands

Didier Leys, neurologist, Lille University Hospital, France
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Abstract

Background and purpose: Thirteen percent of patients with cerebral venous 

and sinus thrombosis (CVT) has a poor clinical outcome. In patients with a poor 

prognosis, endovascular thrombolysis can be considered, but this procedure 

does not appear to be beneficial in patients with impending transtentorial 

herniation due to large hemorrhagic venous infarcts. Therefore, halfway 2006, 

we changed our policy to decompressive hemicraniectomy in these patients.

Methods and results: Patients with CVT and impending herniation due to venous 

infarcts were eligible for surgical intervention. Since 2006 we consecutively 

treated 3 patients with decompressive hemicraniectomy. Two patients had an 

excellent outcome. The third patient, who had been comatose for at least twelve 

hours prior to surgery, died despite intervention. 

Conclusions: Our data suggest that decompressive hemicraniectomy can be 

life-saving and can result in an excellent outcome in patients with severe CVT. 
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Introduction

Approximately 13% of patients with cerebral venous and sinus thrombosis 

(CVT) has a poor clinical outcome.1 Transtentorial herniation due to mass lesions 

is the most common cause of death. The International Study on Cerebral Vein 

and Dural Sinus Thrombosis (ISCVT) identified risk factors that predict poor 

outcome, which include coma, intracerebral hemorrhage and thrombosis 

of the deep venous system.1 Endovascular thrombolysis may be considered 

in patients with these risk factors, but its efficacy has not been proven in a 

randomized trial. Furthermore, in our experience endovascular thrombolysis 

is not beneficial to patients with impending transtentorial herniation due to 

large infarcts or hemorrhages2: It comes too late and cannot prevent further 

brainstem compression. Therefore, halfway 2006, we decided to change our 

policy and treat these patients with decompressive hemicraniectomy.2 

In this case series we describe the first 3 consecutive patients, discuss previous 

case reports and suggest a course of action for future research.

Methods

Since July 2006, we treated patients with severe CVT and signs of transtentorial 

herniation with decompressive hemicraniectomy. Indications for surgery are 

unilateral third nerve dysfunction and/or deterioration on the Glasgow coma 

score caused by local brain edema or venous infarction with midline shift or 

obliteration of basal cisterns, and not attributable to seizures.

A large hemicraniectomy was performed, with special effort to extend the 

decompression towards the temporal skull base. The dura was opened widely 

to ensure maximal decompression. The cortical surface was covered with 

haemostatic material (Surgicel®), after which the skin, temporal muscle and 

fascia flap were closed in 3 layers. Patients received high dose, subcutaneous 

nadroparin immediately after the diagnosis CVT was made. Postoperatively, 

nadroparin was continued in prophylactic dosage for 24 hours. Thereafter, 

dosage was increased to therapeutic range. Patient C only received nadroparin 

after surgery, since she was operated immediately after admission.
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Follow-up visits were performed at 6 and 12 months after discharge and 

outcome was expressed on the modified Rankin Scale (mRS, 0=complete 

recovery; 6=death).

Results

Patient A, a 39 year old man, was admitted with severe headache, nausea and 

disorientation (E
4
M

6
V

5
). His history included a deep-vein thrombosis of the left 

leg and a protein C deficiency. The CT-scan showed a left temporal hemorrhagic 

infarct (Figure 1A) and MR-V showed thrombosis of the left transverse and 

sigmoid sinuses. Despite nadroparin treatment, he deteriorated and became 

comatose (E
1
M

3
V

1
), due to enlargement of the hemorrhagic infarct with a 12 

mm midline shift (Figure 1B). Hemicraniectomy was subsequently performed. 

Immediately post-operative the patient showed marked improvement 

(E
3
M

5
V

aphasia
) and the CT-scan showed reduction of midline shift (figure 1C). At 

6 months a right upper quadrant-anopia and a mild expressive aphasia were 

his only residual symptoms (mRS 2). At 12 months he had resumed all daily 

activities (mRS 1).

Patient B, a 36 year old woman, was admitted because of a generalized epileptic 

seizure (E
4
M

6
V

5
), after a week of headache and nausea. MR-V showed thrombosis 

of the superior sagittal sinus and a right-sided, parieto-occipital hemorrhagic 

infarct (volume 96 cm3). Despite nadroparin treatment, she deteriorated and 

on day 3 developed a depressed consciousness (E
3
M

6
V

4
) and an enlarging right 

pupil. CT-scan showed enlargement of the hemorrhagic infarct (133 cm3) and 

a midline shift of 9 millimeter. After emergent hemicraniectomy, the patient’s 

coma score optimized and the pupils became symmetrical. At 6 and 12 month 

follow-up a quadrant-anopia was her only residual symptom (mRS 1).

Patient C, a 55 year old woman, was found unconscious at home. It was 

estimated that she had been in coma for at least 12 hours. At examination she 

was comatose (E
1
M

5
V

1
), had a fixed and dilated left pupil and bilateral absent 

corneal reflexes. CT-scan showed a large left temporal hemorrhagic infarct 

(volume 134 cm3), with uncal herniation and a midline shift of 15 millimeter. 

The contrast enhanced CT-scan showed a thrombosis of the left transverse and 
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sigmoid sinuses. Despite immediate hemicraniectomy, her clinical condition 

deteriorated in the following days (E
1
M

2
V

1
). On day 3, treatment was withdrawn 

because there was no hope for recovery. She died 5 days later (mRS 6). The 

diagnosis of CVT was confirmed at autopsy.

Figure 1

A: Admission head CT-scan shows left temporal hemorrhagic infarct (34 cm3); B: CT-scan acquired after 
clinical deterioration, showing enlargement of hemorrhagic infarct (110 cm3) and increase of midline 
shift (12 mm); C: Direct post-operative CT scan. Reduction in midline shift (7 mm); D: Follow-up CT-scan 
3 months after ictus
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Discussion

We present 3 consecutive cases with severe CVT and transtentorial herniation, 

treated with decompressive hemicraniectomy. This procedure resulted in 

excellent recovery in 2 patients. Before we changed our policy, similar patients 

in our center all had a fatal outcome despite maximal conservative treatment 

and endovascular thrombolysis.2

The scanty evidence for the efficacy of hemicraniectomy in CVT comes from 

small case series3-7, summarized in table 1. Including our cases, 11 out of 13 

patients had a good outcome (mRS≤3). However, comparability between cases 

is hampered due to a wide variation in pre-operative clinical condition (GCS and 

pupillary reactions) among patients.

Table 1: Summary of case reports on decompressive hemicraniectomy in patients with severe CVT.

Author Year of 
publ.

No. cases Age GCS Pupils Favorable outcome 
(mRS ≤ 3)

Stefini3 1999 3 40-54 4-7 -/- 2/3
*Barbati4 2003 1 15 5 +/+ 1/1

Weber5 2004 1 62 NA NA 1/1

Keller6 2005 4 37-66 6-13 +/+ 4/4

Zeng7 2007 1 48 7 -/+ 1/1

Current study 2008 3 36-55 5-13 variable 2/3

GCS = Glasgow Coma Score; mRS = modified Rankin Scale; NA = not available

*Bilateral hemicraniectomy performed in a patient with CVT without evident impending transtentorial 
herniation or mass lesions

There are several reasons why the concept of hemicraniectomy in severe CVT 

with impending herniation is plausible. First, hemicraniectomy can remove the 

immediate threat of fatal herniation. Second, decompressive hemicraniectomy 

has shown to be effective in young patients with malignant middle cerebral 

artery infarction and impending herniation.8 The mechanism causing death is 

likely to be similar in both diseases. Finally, there is ample evidence that even 

large venous infarcts in general have a better potential for recovery than arterial 

infarcts. 

To obtain more reliable data, a prospective case registry of hemicraniectomy 

in CVT will be included in a new, large international study, the ISCVT-2.9 
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Participating centers will report clinical outcome on consecutive patients treated 

with decompressive hemicraniectomy for CVT. This will minimize selection bias 

of predominantly successful cases.

In conclusion, our data, supported by earlier case reports and pathophysiological 

plausibility, suggest that decompressive hemicraniectomy can be life-saving 

and result in an excellent outcome in the severest cases of CVT. Until more and 

better data are available, however, the decision to perform hemicraniectomy in 

CVT remains up to the individual judgment of the treating physician.
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Abstract

Small retrospective case series suggest that decompressive hemicraniectomy 

can be life saving in patients with cerebral venous thrombosis (CVT) and 

impending brain herniation. Prospective studies of consecutive cases are lacking. 

Thus, a single centre, prospective study was performed. In 2006 we adapted our 

protocol for CVT treatment to perform acute decompressive hemicraniectomy 

in patients with impending herniation, in whom the prognosis with conservative 

treatment was considered infaust. We included all consecutive patients with 

CVT between 2006 and 2010 who underwent hemicraniectomy. Outcome was 

assessed at 12 months with the modified Rankin Scale (mRS). Ten patients (8 

women) with a median age of 41 years (range 26-52) were included. Before 

surgery 5 patients had GCS<9, 9 had normal pupils, 1 patient had a unilaterally 

fixed and dilated pupil. All patients except one had space-occupying intracranial 

hemorrhagic infarcts. The median preoperative midline shift was 9 mm (range 

3-14). Unilateral hemicraniectomy was performed in 9 patients and bilateral 

hemicraniectomy in one. Two patients died from progressive cerebral edema 

and expansion of the hemorrhagic infarcts. Five patients recovered without 

disability at 12 months (mRS 0-1). Two patients had some residual handicap (one 

minor, mRS 2; one moderate, mRS 3). One patient was severely handicapped 

(mRS 5). Our prospective data show that decompressive hemicraniectomy in 

the most severe cases of cerebral venous thrombosis was probably life-saving in 

8/10 patients, with a good clinical outcome in 6. In 2 patients death was caused 

by enlarging hemorrhagic infarcts. 
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Introduction

The standard treatment for cerebral venous thrombosis (CVT) is heparin and 

most patients recover well with this therapy. Approximately 20% of patients, 

however, remain handicapped or die.4 The main cause of death is transtentorial 

herniation due to large hemorrhagic infarcts.1 

Retrospective case series suggest that decompressive hemicraniectomy can be 

life saving and result in good clinical outcome in such patients2,9, sometimes 

even in seemingly hopeless cases.7 A retrospective multinational registry of 

acute CVT cases undergoing decompressive surgery included 38 patients.3 

Twelve patients (32%) recovered completely [modified Rankin Scale (mRS) 0-1] 

and only 3 patients (8%) were severely dependent (mRS 4-5). Six patients (18%) 

died. Retrospective studies, however, may overestimate the efficacy because 

of recall and selection bias. Confirmation in prospective studies is therefore 

required, but at present, these studies are not available. We prospectively 

examined all CVT patients who underwent decompressive hemicraniectomy 

in our hospital since 2006. Here we report the results of the first 5 years.

Methods

Study population

We included consecutive patients with CVT that presented to the Academic 

Medical Centre in Amsterdam, a tertiary care university hospital, between July 

2006 and March 2011. Patients had decompressive craniectomy if they fulfilled 

the following criteria: (1) CVT confirmed by brain magnetic resonance imaging 

(MRI) with MRI-venography or computed tomographic-venography (CT-V). (2) 

Clinical signs of impending herniation, as defined by the presence of unilateral 

third nerve dysfunction and/or deterioration on the Glasgow Coma Scale (GCS). 

(3) The deterioration had to be the result of cerebral mass lesions (venous 

infarction or brain edema) and not attributable to seizures. The majority of the 

patients were transferred from other hospitals to our centre because of clinical 

deterioration. In one patient (case 10), CVT was diagnosed 1 day after evacuation 

of a 6 x 3 x 3 cm intracerebral hemorrhage from the left-sided temporal lobe. 

Because we considered decompressive craniectomy after July 2006 a standard 
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treatment option for CVT patients with impending herniation, approval from 

the ethical committee was not required. As with any therapy, patients and 

family were counseled on the possible risks and benefits before treatment. The 

first cases have been published as a case report previously.2

Medical management

Patients were admitted to the department of neurology, neurosurgery or 

intensive care. Patients received heparin (unfractionated or low-molecular 

weight heparin) in therapeutic doses immediately after they were diagnosed 

with CVT. During decompressive surgery, therapeutic heparin treatment was 

discontinued and continued only in prophylactic dose for at least 24 hours post-

operatively. Thereafter therapeutic dose heparin was restarted. In some patients 

prophylactic doses were given for a longer time because full dose heparin was 

considered too hazardous.

Decompressive hemicraniectomy

Decompressive hemicraniectomy consisted of the excision of a large bone flap 

and duraplasty. In summary, a large skin incision in the shape of a question 

mark based at the ear was made. A bone flap with a diameter of at least 12 cm 

including frontal, temporal and parietal bones was created. Since hemorrhagic 

infarcts in CVT are often large and frequently extend into the temporal lobe, 

we made special effort to extend the decompression toward the temporal skull 

base (Fig. 1). The dura was opened widely to ensure maximal decompression. 

We did not resect any hemorrhagic infarcts, hematoma or brain parenchyma, 

except in case 10 where the diagnosis of CVT was made after evacuation of a 

hematoma. The cortical surface was covered with the unapproximated dural 

flaps and absorbable hemostatic cellulose (Surgicel®), after which only the 

skin was closed. In cases of severe intra-operative brain swelling, an ipsilateral 

intraparenchymatous intracranial pressure (ICP) transducer was implanted. 

Patients underwent post-operative brain CT within 24 hours. Re-implantation 

of the bone flap was performed within 12 months.

Outcome analysis and long-term follow up

Follow- up visits were performed at 6 and 12 months after the diagnosis. We 

assessed the outcome with the modified Rankin Scale (mRS; 0=complete 

recovery, 6=dead). We considered a mRS of 0, 1 or 2 (no disability or minor 
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handicap) at 12 months the primary outcome. In case of missing values we 

imputed the last known score.

Figure 1

a Admission CT scan (of patient 4) shows left temporo-parieto-occipital hemorrhagic infarct
b Direct post-operative CT scan, large decompression extending toward the temporal skull base

Statistical analysis

Continuous variables are reported as medians. We used univariate logistic 

regression analysis to examine the association between clinical and radiological 

variables and outcome. The following variables were examined: age; gender; 

comatose before surgery; fixed and dilated pupil(s) before surgery; comatose 

after surgery, fixed and dilated pupil(s) after surgery; new or increased 

hemorrhagic lesion after surgery.

Results

Baseline characteristics

Out of 56 CVT patients admitted in specified period, 10 patients (8 women and 2 

men) were included. Compared to patients who did not receive decompressive 

surgery, those who underwent decompressive surgery had significantly more 

often intracranial hemorrhagic lesions, midline shift and were more frequently 

comatose (Table 1). Table 2 shows the individual baseline characteristics of the 
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10 included patients. The median age was 41 years (range 26-52 years). Median 

time from onset to diagnosis was 5 days (range 2-14 days) and from diagnosis to 

surgery was 2 days (range 0-4 days). Five patients were comatose before surgery 

and one had a unilateral fixed and dilated pupil.  Six patients had one or more 

seizures before surgery.

Table 1 Comparison of baseline characteristics

no DC DC

Number of patients 46 10

Median age 42 41

Gender (% female) 67 80

Comatose (GCS<9) at admission (%) 7 30 *

Epileptic seizure(s) (%) 22 40

Hemorrhagic lesion(s) (%) 35 100 *

Midline shift (%) 13 100*

Endovascular treatment (%) 9 10

GCS Glasgow Coma Scale, DC decompressive craniectomy ,* p < 0.05

Table 2 Baseline characteristics of patients who underwent decompressive craniectomy

Prior to surgery

Patient 
number

Sex (M/F) Age 
(years)

Onset to 
diagnosis (days)

Diagnosis to 
surgery (days)

GCS Pupils Seizures

1 M 39 4 2 E1M4Vt +/+ -

2 F 36 3 2 E3M6V4 +/+ +

3 F 42 7 2 E1M5V1 +/+ +

4 F 52 8 0 E3M5V2 +/+ -

5 F 36 5 1 E3M5V2 +/+ +

6 M 52 2 0 E1M4Vt +/+ +

7 F 37 6 0 E1M1Vt +/+ +

8 F 29 2 0 E3M6V4 -/+ -

9 F 26 14 4 E2M5V2 +/+ +

10 F 52 4 4 E1M4Va +/+ -

GCS Glasgow Coma Scale, t tube, a aphasia

Radiological examinations, surgery and post-operative condition

Results of the radiological examinations are shown in Table 3. The pre- and 

postoperative CT scans of all patients are shown in Fig. 2. Six patients had left 

sided hemorrhagic infarcts, 2 patients had right sided hemorrhagic infarcts and 

2 patients had bilateral lesions. All patients had space-occupying intracranial 

hemorrhagic infarcts except 1 patient. This patient (case 9) had extensive 

subarachnoid bleeding and obliterated basal cisterns, and a bilateral craniectomy 
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was performed. The median preoperative midline shift was 9 mm (range 3-14, 

Table 3). The median diameter of the bone flap was 15 cm (range 12-17 cm). 

Because of considerable brain swelling, an ICP transducer was implanted at the 

end of the procedure in 3 patients (cases 4, 6 and 9). The median postoperative 

midline shift was 4 mm (range 0-9). Three patients were comatose after surgery. 

Postoperatively, 8 patients had normal pupils; 2 had bilaterally fixed and dilated 

pupils. New hemorrhagic lesions occurred in 4 patients. In 1 patient (case 4), 

this new lesion occurred in the region of the ICP transducer, after its removal.

Figure 2

Pre- and post-operative CT scans of all 10 cases. All patients had space-occupying intracranial 
hemorrhagic infarcts except case 9. Case 9 had extensive subarachnoid bleeding, small bilateral 
hemorrhages, generalized cerebral edema and obliterated basal cisterns. Case 3 had besides the 
hemorrhagic infarct obliterated basal cisterns due to increased bilateral cerebral edema
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Additional interventions

Patient 7 underwent endovascular thrombosuction 2 days after the 

hemicraniectomy because of lack of clinical improvement after decompressive 

hemicraniectomy, despite an uncomplicated procedure. She recovered with 

a minor handicap (mRS 2). Four patients needed additional operations. Two 

patients (cases 6 and 9) required re-operation because of progressive edema, 

expansion of the hemorrhagic infarcts and pathologically elevated ICP. Both 

underwent enlargement of the decompressive craniectomy, but both died. 

Patient 10 developed a cerebral abscess and subdural empyema at the site 

of the hemicraniectomy which was surgically removed. She also developed 

bacterial meningitis and hydrocephalus, and needed an external ventricular 

drain, which was later converted to a ventricular peritoneal shunt. Patient 4 

developed an epidural hematoma after re-implantation of the bone flap and 

subsequently had two re-operations.

Table 3 Radiological findings in patients who underwent decompressive craniectomy

Patient 
number

Thrombosed 
sinuses

Hemorrhagic 
infarcts

Volume 
lesion 
(cm3)

Midline shift  
pre operative 

(mm)

Bilateral 
lesions

Location 
Hemorrhagic 

infarcts

1 STL, SSL, CV + 110 12 - Left temporal

2 SSS, CV + 133 9 - Right parieto- 
occipital

3 SSS, SR, CV + 39 4 - Left frontal

4 STL, SSL, SR, 
DCS, CL, CV

+ 78 14 - Left temporo- 
parieto- occipital, 

cerebellar

5 STL, SSL, SR, 
DCS, CL, CV

+ 165 12 - Left temporo- 
occipital, cerebellar

6 SSS, SR, JL, CV + 102 7 + Left fronto-parietal, 
right parietal

7 SSS, STR, SSR, CV + 58 5 - Left frontal

8 STR, SSR, CV + 161 9 - Right temporo- 
occipital

9 SSS, STL, STR, 
SSL, SSR, SR, JL, 

JR, CV

+ 1* 3 + Left parietal, right 
parietal extensive 

subarachnoid 
bleeding

10 STL, SSL, JL, CV + 152 10 - Left temporo- 
parieto- occipital

SSS indicates superior sagittal sinus, ST transverse sinus (R right, L left), SR sinus rectus (straight sinus), 
SS sigmoid sinus (R right, L left), CV cortical vein, DCS deep cerebral venous system, C cerebellar vein  
(R right, L left), J jugular vein (R right, L left) * Extensive subarachnoid bleeding and obliterated basal 
cisterns
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Clinical outcome

Two patients died during the primary hospital admission (Table 4). Six patients 

had a good clinical outcome (mRS0-2) at 12 months. Two patients had a moderate 

or severe residual handicap: patient 4 had a severe expressive aphasia and a 

right-sided homonymous hemianopia (mRS 3). Patient 10 is still bedridden 

and incontinent after 6 months (mRS 5). All surviving patients received oral 

anticoagulation for a period of 6-12 months. Six patients had seizures during 

follow up, 5 of them still at 12 months. Despite the small sample size we 

attempted to identify prognostic variables using univariate logistic regression 

analysis. There was a trend that new hemorrhagic lesions after surgery was 

associated with a poor outcome at 12 months (odds ratio 0.07, 95% CI 0.003-

1.51, p=0.09). No other prognostic factors were identified.

Table 4 Surgical characteristics and outcome

Patient 
number

Inter-
vention

Midline 
shift 
(mm)

GCS Pupils New 
hemorrhage

Additional 
interventions

mRS  
6 months

mRS  
12 months

1 U 7 E4M6Va +/+ - - 2 1

2 U 4 E4M6V5 +/+ - - 1 1

3 U 0 E1M5Vt +/+ - - 1 1

4 U 3 E3M5Vt +/+ + - 3 3

5 U 2 E3M6V2 +/+ - - 1 1

6 U 9 E1M1Vt -/- + Enlarging 
hemicraniec-

tomy

6 6

7 U 4 E3M5Vt +/+ + Thrombosuc-
tion

2 2

8 U 0 E4M6V5 +/+ - - 2 0

9 B 4 E1M1Vt -/- + Enlarging 
hemicraniec-

tomy

6 6

10 U 0 E4M6Va +/+ - Evacuation 
subdural 

empyema

5 *

U unilateral hemicraniectomy, B bilateral hemicraniectomy, GCS Glasgow Coma Scale, t tube, a aphasia, 
mRS modified Rankin Scale, * 12 months outcome not yet available

Discussion

This is the first prospective cohort study of ten CVT patients with impending 

transtentorial herniation undergoing decompressive craniectomy. Six 

patients had good functional recovery after 1 year. Two patients died despite 
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intervention. The largest study so far on this subject is a combination of a 

retrospective multinational registry and systematic review of published cases3, 

with outcome data of 69 patients. Forty-five patients had decompressive 

craniectomy, 7 hematoma evacuation, and 17 patients underwent both types of 

surgery. Compared to our study, both mortality (16 vs. 20%) and the percentage 

of patients who were functionally independent at follow-up (57 vs. 60%) were 

similar (Table 5). However, patients from this retrospective study were generally 

in a worse clinical condition prior to surgery. 72 % were comatose, compared 

to 50% in our study, and 57% had single or bilateral fixed and dilated pupils, 

compared to 10% in our cohort.

Table 5 Comparison of outcomes with retrospective data

Ferro et al3 Current study

Design Retrospective Prospective

Number of patients 69 10

Median age 42 41

Comatose before surgery (%) 72 50

Fixed and dilated pupil(s) before surgery (%) 57 10

Hemorrhagic lesions (%) 90 100

Independence at follow-up (mRS 0-2) (%) 57 60

Mortality (%) 16 20

mRS, modified Rankin Scale.

Transtentorial herniation is the most common cause of death during the 

acute stage of CVT.1 Prior to 2006, before we adopted our policy to perform 

decompressive craniectomy, most of our CVT patients with impending 

transtentorial herniation died despite maximal conservative treatment and 

endovascular thrombolysis.6 A recent French study also showed a large difference 

in mortality between patients who did or did not undergo decompressive 

craniectomy, in favor of surgical intervention.9 The most plausible explanation 

is that craniectomy removes the immediate threat of fatal herniation, analogous 

to the effect of craniectomy in ischemic stroke.10

We tried to make the craniectomy wide and to extend decompression toward 

the temporal skull base. If the craniectomy is too small, the decompressive 

effect may not be sufficient to prevent or reverse transtentorial herniation. 

Re-operation to enlarge the decompression was performed in 2 patients who 

did not clinically improve after craniectomy and in whom post-operative ICP 
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remained pathologically elevated. Nevertheless, both patients died from 

intractable expanding cerebral hemorrhagic infarcts.

The large number of patients who underwent decompressive craniectomy in 

our study (10 out of 56; 18%) cannot be extrapolated to CVT patients in general. 

Our hospital serves as a tertiary care centre for CVT patients in the Netherlands. 

While milder cases are usually treated at local hospitals, neurologists tend to 

refer severe cases to our centre. Therefore, the percentage of all CVT patients 

undergoing decompressive surgery is certainly much lower than the 18% in 

our study. 

A reason why clinicians may be reluctant to perform decompressive craniectomy 

could be the fear that it may reduce mortality at the expense of an increase of 

severely disabled survivors. A randomized trial on decompressive craniectomy 

for ischemic stroke indeed showed a five-fold increase in severely disabled 

patients (mRS 4 or 5).10 This concern does not seem warranted in CVT patients. 

While the decision to perform decompressive craniectomy must still be carefully 

weighed in each case, the large percentage of patients with a good functional 

outcome justifies a positive stance regarding this intervention. Moreover, 

withholding craniectomy in these patients will result in death by herniation 

in nearly all cases. The relatively low number of severely disabled survivors is 

probably due to the fact that venous infarcts in general have more potential for 

recovery than arterial infarcts.5 For the same reason, we prefer not to evacuate 

the venous infarct or hematoma during the decompressive surgery, except 

when this is considered the last resort to reverse the herniation process.

New hemorrhagic lesions were identified on postoperative imaging in 4 out 

of 10 patients and tended to be associated with poor outcome. Both patients 

who died had expanding hemorrhagic infarcts with new hemorrhagic areas 

after surgery. The etiology of new lesions is unclear. One possibility is that the 

elevated pre-operative ICP prevents the development, or enlargement, of 

hemorrhagic lesions, and that new hemorrhagic lesions develop when the ICP 

decreases following craniectomy. We did not systematically measure ICP during 

surgery, so we cannot examine whether there was an association between ICP 

and new hemorrhagic lesions. Another possibility is that developing collateral 

venous systems draining to the skull or scalp may be damaged during surgery.8 
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Thirdly, we cannot exclude that new hemorrhagic lesions resulted from direct 

manipulation of the cortex during surgery or during post-operative removal of 

ICP transducers. Finally, the need to interrupt or reduce the heparin might cause 

extension of the thrombus and occlusion of (new) cortical veins.

The currently available evidence suggests that decompressive craniectomy 

often results in good functional outcome in CVT patients with impending 

transtentorial herniation. Obviously, additional prospective data on its efficacy 

are needed. However, we believe that a randomized controlled trial faces 

insurmountable ethical objections since most of these patients will die if left 

untreated.1, 6, 9 Instead, an international prospective registry of consecutive cases 

would be preferable. Currently, efforts are being undertaken to initiate such a 

project. Until that time, however, we believe that decompressive craniectomy 

should be strongly considered in CVT patients who have both clinical and 

radiological sign of impending herniation. 
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Abstract

Background: Herniation due to unilateral mass effect is the major cause of death 

in cerebral venous thrombosis (CVT). Decompressive surgery may be life-saving 

in these patients.

Methods: Retrospective registry of cases of acute CVT, treated with decompressive 

surgery (craniectomy or hematoma evacuation) in 22 centers and systematic 

review of all published cases of CVT treated with decompressive surgery. The 

primary outcome was the score on the modified Rankin Scale (mRS) at last follow 

up, dichotomized between favorable (mRS 0-4) and unfavorable outcome (5 or 

death). Secondary outcomes were complete recovery (mRS 0-1), independence 

(mRS 0-2), severe dependence (mRS 4-5) and death at last available follow up. 

Results: 69 patients were included, 38 from the registry. Decompressive 

craniectomy was performed in 45 patients, hematoma evacuation in 7 and 

both interventions were performed in 17 patients. At last follow up (median 

12 months) only 12 (17.4%) had an unfavorable outcome. Twenty six (37.7%) 

had mRS 0-1, 39 (56.5%) mRS 0-2, 4 (5.8%) were alive with mRS 4-5 and eleven 

(15.9%) patients died. Three of the 9 patients with bilateral fixed pupils recovered 

completely. Comatose patients were less likely to be independent (mRS 0-2) 

than non-comatose patients (45% vs. 84%; p=0.003). Patients with bilateral 

lesions were more likely to have unfavorable outcome (50% vs. 11%; p=0.004) 

and to die (42% vs. 11%; p=0.025). 

Conclusion: In CVT patients with large parenchymal lesions causing herniation, 

decompressive surgery was live-saving and often resulted in good functional 

outcome, even in patients with very severe clinical condition. 
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Introduction

Although nowadays about 75% of patients with cerebral venous thrombosis 

(CVT)1 have a favorable outcome, a minority (4%)2 may die in the acute phase. 

Herniation due to unilateral mass effect produced by large edematous venous 

infarctions or parenchymal hemorrhages is the major cause of acute death in CVT.2 

In arterial ischemic stroke, decompressive surgery, namely hemicraniectomy, in 

patients with large cerebellar infarcts and in malignant middle cerebral infarcts 

causing herniation, reduces mortality and increases the number of patients 

with a favorable functional outcome, as demonstrated in recent randomized 

controlled trials.3 Decompressive surgery may be life-saving also in CVT 

patients with lesions causing mass effect and clinical deterioration. However, 

the information on decompressive surgery in CVT is limited to case reports and 

results from small series from referral centres.4,5 Also the characteristics of CVT 

patients who benefit from decompressive surgery are not known. The aim of 

this study was to collect the best available information on the outcome and on 

predictors of outcome of CVT patients who underwent decompressive surgery 

in the acute phase, both by performing a multicentre registry and a systematic 

review of all cases available in the literature.

Methods

We invited 63 investigators with an interest in CVT/neurointensive care, including 

the investigators of the International Study on Cerebral Vein and Dural Sinus 

Thrombosis (ISCVT)1 to report all cases of acute CVT, treated by decompressive 

surgery (craniectomy or hematoma evacuation) in their institutions, since 1998 

(year when ISCVT was initiated). Investigators completed a case report form, 

describing patient demographics, clinical (Glasgow Coma Scale, pupils and 

aphasia) and neuroimaging findings, timing and type of surgery and outcome, 

as evaluated by the modified Rankin Scale (mRS) at discharge, 6, 12, 24 months 

or last available follow up. To reduce selection bias and to avoid overlapping 

cases with the systematic review we only included in the registry non-published 

cases.
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Additionally, we performed a systematic review of individual patient data of 

all published cases of CVT treated by decompressive surgery (craniectomy 

or hematoma evacuation).  We searched MEDLINE and Cochrane electronic 

databases up to October 2010 without language restrictions. Key words and 

search strategy are described in the appendix. We completed the search 

by hand searching reference lists of all retrieved articles. All retrieved titles 

and abstracts were reviewed independently by two of the investigators (JF 

and PC). Full publications were obtained based upon the titles or abstracts 

selected by at least one of the reviewers. Full publications were reviewed to 

select the studies to be included in the review. Inclusion criteria were reports 

describing: 1. Patients with cerebral venous thrombosis; 2. With parenchymal 

lesion(s) (ischemic or hemorrhagic); 3. Documented by CT or MR; 4. Treated 

by decompressive craniectomy (unilateral, bilateral or posterior fossa) and/or 

hematoma evacuation; 5. With follow up information on survival and disability, 

at least at hospital discharge. CVT patients diagnosed by angiography only were 

not included, because we needed information on the presence and type of 

parenchymal lesions. To avoid confounding by indication, patients who had 

CVT diagnosed at exploratory neurosurgery, CVT associated with severe head 

trauma or other intracranial disease (ruptured arterio-venous malformation or 

development venous anomaly) for whom decompressive surgery could have 

been indicated were excluded. We only included publications which allowed 

extraction of individual patient data. Studies with only grouped data about 

outcomes were excluded, but the available information was analyzed in a 

sensitivity analysis. We also checked for repeated publications and excluded 

duplicated cases. From each case report, data were extracted and entered in the 

same standard form used for the retrospective registry. Authors were contacted 

to provide additional information on missing or unclear data. Outcome was 

registered using the modified Rankin Scale (mRS) at discharge, 6, 12 and 24 

months or last follow up. When other scales were used or only descriptive 

information on outcome was available, transformation into mRS grades was 

performed independently by two observers (JF, IC or JC) and a consensus was 

reached if grading did not coincide. 

Statistical analysis. 

The primary outcome was the score on the modified Rankin Scale (mRS) at 

last follow up, dichotomized between favorable (mRS 0-4) and unfavorable 
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outcome (5 or death). Secondary outcomes were complete recovery (mRS 

0-1), independence (mRS 0-2), severe dependence (mRS 4-5) and death at 

last available follow up. Prognostic variables were age, GCS, fixed pupils, side, 

localization and type of lesion, interval from onset to surgery and type of surgery.

We calculated descriptive statistics for baseline variables and outcomes of 

individual patient data, using frequencies and medians and ranges of individual 

data from all included cases, respectively for categorical and continuous 

variables. Associations between prognostic variables and outcomes were 

calculated using chi-square statistics, with continuity correction when needed. 

Recall and publication bias and heterogeneity between studies were evaluated 

by comparing outcomes of cases retrieved from cohorts or prospective registries. 

all the others, published vs. non published cases (registry), between centers 

reporting ≤ 2 versus > 2 cases and between cases operated before 2006 and in 

2006 or after (median of the years when surgery was performed).

SPSS version 17 software was used. A p<0.05 was considered significant. We did 

not correct for multiple comparisons.6

Results

Baseline (Table 1) 

Registry

Thirty-eight cases from 22 centers were registered (29 females, median age 

43 years). Seven other investigators declared that decompressive surgery 

was never performed in their centre in patients with acute CVT. The majority 

of the registered patients were in a very severe condition, with early signs of 

transtentorial herniation: 25 (65.8%) patients were comatose before surgery 

and 18 (53.0%) had dilated fixed pupils, which were bilateral in four. The vast 

majority of the lesions were hemorrhagic (84.2%). Decompressive craniectomy 

was performed in 23 (60.5%) patients and hematoma evacuation in 7 (18.4%). 

Eight patients (21.1%) underwent both types of surgery. 
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Table 1: Baseline characteristic and outcome

Registry Review All cases p - value

Nº cases
Baseline characteristics
Females 
Median age
Age range
GCS before surgery
< 9
9-14
Fixed dilated pupils
 None
 Unilateral
 Bilateral
Aphasia
Parenchymal lesions
 Unilateral
 Bilateral
 Hemorrhagic
Surgery
Median interval (days)
 Symptom onset to surgery
 Diagnosis to surgery
 Worsening to surgery
Type of surgery
Decompressive craniectomy
 Right hemisphere
 Left hemisphere
 Bilateral
 Posterior fossa
Hematoma evacuation
 Right hemisphere
 Left hemisphere
 Bilateral
 Posterior fossa
Both types of surgery
 Right hemisphere
 Left hemisphere
 Bilateral
 Posterior fossa
Outcome
Median follow up (months)
Complete recovery (mRS 0-1)
Independence (mRS 0-2)
Independence (mRS 0-2)+
Severe dependence (mRS 4-5)
Death (mRS 6)
Death (mRS 6)+
Unfavorable outcome (mRS 5-6)

38

29 (76.3)
43

20-66

25 (65.8)
13 (34.2)

16 (47.1)**
14 (41.2)
4 (11.8)

17 (44.7)

32 (84.2)
6 (15.8)

32 (84.2)

3.5
2
1

23 (60.5)
11 (28.9)
9 (23.7)

----
3 (7.9)

7 (18.4)
4 (10.5)
3 (7.9)

-----

8 (21.1)
4 (10.5)
4 (10.5)

----
----

14.5
12 (31.6)
21 (55.3)

3 (7.9)
7 (18.4)

8 (21.1)

31

23 (74.2)
40

15-68

24 (80.0)*
6 (20.0)

10 (37.0)**
12 (44.4)
5 (18.5)

11 (39.3) ***

25 (80.6)
6 (19.4)

30 (96.8)

5
1
0

22 (71.0)
10 (32.3)
11 (35.5)

2 (6.5)
----

0 (0)
----
----
----

9 (29.0)
3 (9.7)

5 (16.1)
1 (3.2)

----

12
14 (45.2)
18 (58.1)
26 (61.9)

1 (3.2)
4 (12.9)
7 (16.6)
4 (12.9)

69

52 (75.4)
42

15-68

49 (72.1)
19 (27.5)

26 (42.6)
26 (42.6)
9 (14.8)

28 (42.4)

57 (82.6)
12 (17.4)
62 (89.9)

4
2
1

45 (65.2)
21 (30.4)
20 (28.9)

2 (3.2)
3 (4.3)

7 (10.1)
4 (5.8)
3 (4.3)

----

17 (24.6)
7 (10.1)
9 (13.0)
1 (1.4)

----

12
26 (37.7)
39 (56.5)
47 (58.8)

4 (5.8)
11 (15.9)
14 (17.5)
12 (17.4)

0.84
0.77

0.20

0.65

0.66

0.70

0.41

0.41
0.93
0.11
0.04

0.52
0.25
0.82

0.76
0.53

0.37

Missing data in 1*, 4** and 3*** cases; mRS – Modified Rankin Scale; p – Comparison between registry 
and review; + Sensitivity analysis including the excluded series by Lath et al (11 patients)7

Systematic review 

From the literature search (Figure 1) we included 15 publications fulfilling the 

inclusion and exclusion criteria, reporting on 31 patients (23 females, median 
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age 40).4,5,8-20 Twenty-four (80.0%) patients were comatose before surgery, 17 

(62.9%) had dilated fixed pupils (bilateral in 5). Almost all lesions (96.8%) were 

hemorrhagic. Decompressive craniectomy was performed in all patients, in 

9 (29.0%) in combination with hematoma evacuation. One excluded study7 

presented grouped data only: 11 acute CVT patients with GCS<9 and large 

hemispheric lesions were treated by decompressive surgery, 6 within 24h of 

admission.

Figure 1: Flow chart of the literature review










 
 
 
 
 
 
 
 
 
 
 

Although larger proportion of cases included in the review had coma, 

asymmetric pupils and hemorrhagic lesions, these differences did not reach 

the significance or statistical trend level. Hematoma evacuation alone was 
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never reported in the cases included in the review and hematoma evacuation, 

alone or in combination with decompressive craniectomy, was performed 

significantly (p<0.04) less often in the review cases.

Outcome (Table 1, figure 2). 

Patients from the registry were followed for a median of 14.5 months, 27 (71.1%) 

by direct interview. Seven (18.4%) operated patients died. At last follow up 12 

(31.6%) had recovered completely (mRS 0-1), while 8 (21.1%) had an unfavorable 

outcome (mRS 5-6), including 7 (18.4%) deaths. Only 3 (7.9%) were alive with 

mRS 4-5. 

In the systematic review, 14 (45.2 %) patients recovered to mRS 0-1 at last follow 

up (median 12 months). Four (12.9%) had an unfavorable outcome (4 deaths). 

Only 1 (3.2%) patient was alive with severe dependency (mRS 4). In the excluded 

publication with only grouped data, 3 (27%) patients died, but 8 (73%) had mRS 

0-2 at the end of a mean follow up of 7.4 months.

Table 1 shows the distribution of the patients from the registry, from the 

systematic review and of all patients by the different outcomes. There were no 

significant differences in any of the outcomes between patients included in the 

registry and in the review (figure 2 and table 1).

Figure 2: Modified Rankin Scale grades distribution (percentages) at last follow up
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There was considerable functional improvement from hospital discharge to last 

follow up. Of 22 patients who were discharged with severe dependency (mRS 
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4-5), 4 (18.2%) recovered completely to mRS 0-1 and only 3 (13.6%) remained 

severely dependent.

Table 2 shows the distribution of the outcomes according to potential predictors 

and confounders. A large proportion of patients in a very severe condition 

before surgery had a complete recovery or was independent at last follow up. 

Around one third of comatose patients recovered completely. Three out of 9 

patients with bilateral fixed pupils recovered completely. The two patients who 

had bilateral surgery were alive and independent. All three patients who had 

decompressive posterior fossa surgery recovered to mRS 0 or 1.

Table 2: Outcome at last follow up by prognostic factors 

Outcome (mRS)

n 0-1 0-2 4-5 5-6 6

Age 
 ≤ 60
 > 60
GCSa

 < 9
 ≥ 9
Fixed dilated pupilsb

 None
 Unilateral
 Bilateral
Aphasiac

Parenchymal lesions
 Unilateral 
 Bilateral
 Hemorrhagic
Interval diagnosis-surgeryd

 0-1 days
 ≥ 2 days
Decompressive craniectomy
 Unilateral
 Bilateral
 Posterior fossa
Hematoma evacuation

Both surgeries
 Unilateral
 Bilateral
Year of surgerya

 < 2006
 ≥ 2006
Nº of cases
 0-2
 > 2

64
5

49
19

26
26
9

28

57
12
62

43
22

45
41
1
3

7
17
16
1

34
34

33
36

24 (37.5)
2 (40.0)

17 (34.7)
9 (47.4)

9 (34.6)
11 (42.3)
3 (33.3)

12 (42.9)

22 (38.6)
4 (33.3)

22 (35.5)

15 (34.9)
10 (45.5)

17 (37.8)
14 (34.1)

0 (0)
3 (100.0)

2 (28.6)
7 (41.2)
6 (37.5)

1 (100.0)
13 (38.2)
13 (38.2)

10 (30.3)
16 (44.4)

36 (56.2)
3 (60.0)

22 (44.9)*
16 (84.2)

18 (69.2)
12 (46.2)
4 (44.4)

18 (64.3)

35 (61.4)
4 (33.3)

34 (54.8)

23 (53.5)
13 (59.1)

25 (55.6)
21 (51.2)
1 (100.0)
3 (100.0)

5 (71.4)
9 (52.9)
8 (50.0)

1 (100.0)
20 (58.8)
19 (55.9)

18 (54.5)
21 (58.3)

4 (6.2)
0 (0)

4 (8.2)
0 (0)

0 (0)
2 (7.7)

2 (22.2)
2 (7.1)

3 (5.3)
1 (8.3)
2 (3.2)

2 (4.7)
2 (9.1)

2 (4.4)
2 (4.9)
0 (0)
0 (0)

0 (0)
2 (11.8)
2 (12.5)

0 (0)
3 (8.8)
1 (2.9)

1 (3.0)
3 (8.3)

12 (18.8)
0 (0)

9 (18.4)
3 (15.8)

4 (15.4)
5 (19.2)
2 (22.2)
4 (14.3)

6 (10.5)
6 (50.0) **

11 (17.7)

10 (23.3)
2 (9.1)

11 (24.4)
11 (26.8)

0 (0)
0 (0)

0 (0)
1 (5.9)
1 (6.2)
0 (0)

6 (17.6)
5 (14.7)

6 (18.2)
6 (16.7)

11 (17.2)
0 (0)

8 (16.3)
3 (15.8)

4 (15.4)
5 (19.2)
1 (11.1)
3 (10.7)

6 (10.5)
5 (41.7)***

11 (17.7)

10 (23.3)
1 (4.5)

10 (22.2)
10 (24.4)

0 (0)
0 (0)

0 (0)
1 (5.9)
1 (6.2)
0 (0)

6 (17.6)
4 (11.8)

6 (18.2)
5 (13.9)

mRS – Modified Rankin Scale; n – nº with condition of variable; (%) – nº with outcome /nº with condition 
of variable; Missing data in 1a, 8b and 3c and 4d cases; *p= 0.003; **p=0.004; ***p=0.025; all the other 
comparisons had p>0.05.
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Fewer patients with GCS < 9 had mRS 0-2 at final follow up compared with 

patients with GCS ≥ 9 (44.9% vs. 84.2%; p=0.003). Patients with bilateral lesions 

were more likely to have unfavorable outcome at the end of follow up (50.0% 

vs. 10.5%; p=0.004) and to die (41.7% vs. 10.5%; p=0.025). None of the other 

variables were predictive of any of the outcomes. 

Sensitivity analysis

Cases retrieved from cohorts or prospective registries were more likely to 

recover completely (12/20 (60%) vs. 14/49 (28.6%), p=0.02). There were no 

significant differences for any of the outcomes between published vs. non 

published cases (registry) (table 1), between centers reporting ≤ 2 versus > 2 

cases and between cases operated before 2006 and in 2006 or after (median of 

the years when surgery was performed) (table 2). The inclusion of the excluded 

study7 with grouped data only did not significantly modify the rates of death or 

independent survival (Table 2).

Discussion

This multinational registry of decompressive surgery (decompressive 

craniectomy, hematoma evacuation or both) in patients with acute CVT and 

parenchymal lesion(s) with impending herniation shows that decompressive 

surgery was live-saving and often resulted in good functional outcome, even 

in older patients or in those in coma or with aphasia, bilateral lesions or fixed 

pupils. Eighteen percent of the CVT patients in the registry who were operated 

died but only 8% were severely dependent at last follow up. The results of the 

registry were confirmed by a systematic review of the literature of published 

reports of acute CVT patients who had decompressive surgery, where similar 

outcome results were found. The outcomes were similar after decompressive 

craniectomy, hematoma evacuation or both interventions. Although the 

numbers are small, the outcome was very good for posterior fossa craniectomy 

and independent survival was achieved in both patients who had bilateral 

cranial vault surgery. Practice did not seem to change the results of surgery 

significantly, as the outcomes were not influenced by the year when surgery 

was performed or by the number of operated patients reported. One third of 

the patients with bilateral fixed pupils before surgery recovered completely. 
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Comatose patients and those with bilateral lesions were more likely to have 

an unfavorable outcome, but nevertheless complete recovery was observed in 

approximately one third of such patients. Aphasia did not influence outcome. 

The registry was retrospective which raises the possibility of selection and recall 

bias. However, the fact that acute CVT patients who are treated surgically are rare 

patients with dramatic presentations probably diminishes the risk of recall bias. To 

reduce selection bias and to avoid overlapping cases with the systematic review 

we only included in the registry non-published cases. The inclusion of patients 

from several hospitals and different countries also decreases selection bias. To 

encourage participation and limit the amount of work of the local investigators, 

we did not to collect information on the complications of surgery. The reliability 

of collecting this information retrospectively would also be limited. We also did 

not study outcomes other than recovery, dependency or death, such as patients’ 

preference, cognitive and psychiatric outcomes or employment status. 

The systematic review of published cases yielded results analogous to those of the 

registry. In addition, baseline characteristics and distribution of prognostic factors 

were similar in the review and in the registry. Published cases predominantly 

report decompressive craniectomy, while in the registry several cases of 

hematoma evacuation were retrieved.  This indicates an obvious publication bias 

towards decompressive craniectomy, perhaps because hematoma evacuation 

is considered a routine life-saving procedure for intracerebral hematoma with 

eminent herniation. Outcomes were comparable in single or dual published cases 

reports or in larger case series, a result which argues against publication bias. The 

inclusion of a study with grouped data only did not modify the outcome results.

A pooled analysis of 93 patients from three randomized controlled trials 

of decompressive hemicraniectomy in malignant middle cerebral artery 

infarctions showed that the surgery reduces case fatality and poor outcome 

in patients aged 60 years old or less, who are treated within 48 hours of stroke 

onset.3 The outcomes after decompressive surgery in CVT in our present study 

are much better than that observed in the pooled analysis of hemicraniectomy 

for ischemic arterial stroke, both in terms of mortality (16% vs. 22%), severe 

dependence (mRS 4-5) (6% vs. 35%) and especially complete recovery (mRS 0-1) 

(38% vs. 0%). Although in arterial ischemic stroke patients with bilateral dilated 
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fixed pupils were excluded from hemicraniectomy trials, we found complete 

recovery in one third of similar CVT patients who were operated. In arterial 

stroke decompressive surgery fails to improve functional outcome if performed 

later than 48hours21 and the prognosis is significantly worse for patients older 

than 60 years of age.22 In CVT, although there are fewer operated patients, no 

influence of time to surgery or age could be detected in our data.

The encouraging results we observed reflect the overall good survival and 

functional outcome of patients with CVT, once acute death due to cerebral 

herniation is prevented.1,2,23 Many of the parenchymal lesions in CVT are not 

true infarcts, but areas of mixed vasogenic and cytotoxic edema with or without 

hemorrhagic transformation.24,25 Many of these lesions are fully reversible, a fact 

that further contributes to a favorable prognosis.25

These results encourage the use of decompressive surgery as a life-saving 

procedure in selected CVT patients. A severe neurological condition, such as 

coma, bilateral fixed pupils or bilateral lesions should not discourage surgery, 

as at least 1/3 of such patients can have a good recovery. 

As discussed above, weak points of our study are the retrospective design of the 

registry and the possibility of publication bias in the systematic review. Therefore 

the results of this retrospective study and systematic review may overestimate 

the efficacy and safety of decompressive surgery and need confirmation in a 

prospective registry. Such a registry should also evaluate the complications of 

surgery, neuropsychiatric and psychosocial outcomes.

Search strategy

(((“intracranial embolism AND thrombosis”) OR (intracranial thrombosis) 

OR (sinus thrombosis, intracranial) OR (intracranial embolism) OR ((cerebral 

veins OR cavernous sinus OR cranial sinuses OR dura mater) AND (venous 

thrombosis OR thrombosis OR thromboembolism)) OR (CVDST OR CVT)) AND 

((decompression, surgical) OR (craniotomy) OR (neurosurgical procedures) OR 

(evacuation) OR (trephining) OR (decompress$ OR craniectomy OR craniotomy OR 

hemicraniectomy) OR (hippocampectomy OR lobectomy))) AND (Humans[Mesh])
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Appendix

List of International Study on Cerebral Vein and Dural Sinus Thrombosis 2 

investigators who participated in this study, with number of patients included. 

Portugal: M. Viana Baptista, Almada and Lisboa, (2); J. Ferro, P. Canhão, Lisboa, 

(2); A.N. Pinto, Amadora (1); Spain: J. Masjuan, Madrid, (3); France: L. Derex, Lyon 

(1); B. Guillon, Nantes (1); I. Crassard, M.G. Bousser, Paris (2); J.C. Lacour, Nancy 

(3); Germany: C. Lichy, S. Polly, Heidelberg, (3); E. Stolz, Giessen (2); S. Kirsch, 

Munich (1); F. Weilbach, Wurzburg (1); S. Schwab, Erlanger (1); the Netherlands: J. 

Coutinho, J. Stam, Amsterdam (1); UK: R. Al-Shahi Salman, Edinburgh (1); Iran: M. 

Saadatnia, Isfahan (4); United States: B. Cucchiara, Philadelphia, PA (1); Mexico: 

J.L. Ruiz-Sandoval, Guadalajara (1); Chile: J. Matamala, Vina del Mar (2); Brazil: G. 

de Freitas, Rio de Janeiro (1); G. Dutra, A. Massaro, S. Paulo (2); R.C. Nogueira, Sao 

Paulo (1); R.A. Valiente, Sao Paulo (1).
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Cerebral venous thrombosis (CVT) is a distinct type of stroke that was described 

for the first time almost 200 years ago. In contrast to arterial stroke, most adult 

patients with CVT are in their thirties or forties and less than 10% are over the 

age of 65. Because of gender specific risk factors (pregnancy, puerperium and 

oral contraceptives), the condition affects women three times more often than 

men. Headache is the most common symptom, present in 90% of patients. Other 

frequent signs and symptoms are papilledema, seizures and focal neurological 

deficits. A venous infarct, often hemorrhagic, is found in approximately half of 

all patients. Anticoagulation with therapeutic dose of heparin is the primary 

treatment. This thesis describes the results of studies we performed on the 

epidemiology, diagnosis and treatment of CVT.

Part I: Epidemiology and diagnosis of cerebral venous 
thrombosis

In chapter 2 we present new evidence about the incidence of CVT among 

adults. Until now, estimates of the incidence ranged from 0.2 to 0.5 per 

100.000. These figures were based on an extrapolation of old mortality data 

and therefore inaccurate. We performed a retrospective cross-sectional study 

among all 19 hospitals located in 2 Dutch provinces, serving 3.1 million people. 

By hand searching the medical records of potential patients, we identified adult 

CVT cases admitted during 3 years (between January 1st 2008 and December 

31st 2010). Patients who did not live in one of the provinces, or in whom the 

diagnostic confirmation did not meet our predefined standard were excluded. 

Among 9270 potential cases, we identified 94 new cases of CVT in three 

years. This gives an incidence of 1.32 per 100.000 person-years (95% CI 1.06 to 

1.61). Our study shows that the incidence of CVT among adults is higher than 

previously believed. 

In chapter 3, we used data of the international study on cerebral vein and dural 

sinus thrombosis (ISCVT), a multi-center prospective observational study, to 

study gender specific differences in clinical presentation, etiology and outcome 

of CVT. 465 out of a total of 624 patients were women (75%). A gender specific 

risk factor (GSRF: oral contraceptives, pregnancy, puerperium or hormonal 

replacement therapy) was present in 65% of women. Women were significantly 
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younger, more often had headache at presentation and had a better prognosis 

than men (complete recovery 81% vs. 71%, p=0.01). The latter was caused by a 

better outcome in female patients with a GSRF (complete recovery 85% vs. 72% 

for women with and without a GSRF, respectively). Logistic regression analysis 

confirmed that the absence of a GSRF is an independent predictor of poor outcome 

in women (odds ratio 3.7, CI 1.9-7.4). Possible explanations for this observation 

include a younger age and different risk factor profile of women with a GSRF.

Intracerebral hemorrhages occur in 40% of patients with CVT. In chapter 4, we 

examined whether small juxtacortical hemorrhages (JCH) are characteristic for 

CVT and studied their radiological and pathological properties. We identified 

all patients with CVT and an intracerebral hemorrhage at baseline admitted 

to our hospital between 2000 and 2010 (prospectively from July 2006). A JCH 

was defined as a small hemorrhage (diameter < 20 mm), located in the white 

matter just below the cortex. To determine the specificity of JCHs for CVT, we 

examined the frequency of JCHs in a control group of patients of similar age 

with an intracerebral hemorrhage not related to CVT. 53 of the 114 patients with 

CVT had an intracerebral hemorrhage. One or more JCHs were present in 14/53 

(26%) of them. The remaining 39 had other kinds of hemorrhages. Papilloedema 

was more common among patients with a JCH compared to patients with other 

types of hemorrhages (44% vs. 9%, p=0.01). All patients with a JCH except one 

(93%) had thrombosis of the superior sagittal sinus, compared to 49% of patients 

with CVT and other kinds of hemorrhages (p=0.004). Re-analysis of the cerebral 

imaging results showed that JCHs are confined to the juxtacortical white matter, 

near the U-fibers, and that they follow the curvature of the cortex. This feature 

results in a cashew-nut or round appearance, depending on the location of the 

JCH. We confirmed these findings by histopathologic analysis of the brain of 

a patient with CVT and JCHs. Among the 196 control patients (spontaneous 

intracerebral hemorrhage, not caused by CVT) only three patients had a JCH. 

One of these three controls appeared on re-examination of the imaging results 

to have had CVT, which had been missed before. The location and the shape 

of JCHs and their association with thrombosis of the superior sagittal sinus 

suggest that these hemorrhages probably originate in the arcuate segment 

of the subcortical vein of the superficial venous system. We concluded that 

small juxtacortical hemorrhages are a characteristic feature of cerebral venous 

thrombosis and are rarely encountered in other conditions.
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Chapter 5 is a review of isolated cortical vein thrombosis (ICVT), a subtype of CVT 

in which there is thrombosis of a cerebral vein without concurrent thrombosis 

of a major sinus. Due to the rarity of ICVT, little is known of its clinical and 

radiological manifestations. We performed a systematic review of published 

data on ICVT. Out of 140 potentially relevant studies, 40 were included in the 

analysis, with data of 104 patients. All studies were retrospective case reports 

and case series. Mean age was 40 and 68% were female. The most common 

symptoms were headache (71%), seizures (57%) and focal neurological deficits 

(58%). Papilledema was not reported in any patient and increased cerebrospinal 

fluid pressure was found in only 2 out of 11 patients in whom this was measured. 

Most cases (71%) were diagnosed with MRI, but conventional angiography was 

also performed in 45%. Imaging showed a parenchymal brain lesion in 83% 

and in 21% subarachnoid hemorrhage. 79% of all patients were treated with 

anticoagulation. The mortality at discharge was 7%. These data show that signs 

of increased intracranial pressure are less common in ICVT compared to CVT. 

MRI and in some cases conventional angiography are the most frequently used 

diagnostic modalities and, similar to CVT, anticoagulation is the most widely 

used therapy. The mortality is similar to published figures for patients with CVT.

In chapter 6 we examined the apparent decline in mortality of patients with CVT 

over time in a systematic review of the literature. Studies with 40 patients with 

CVT or more that reported mortality at discharge or follow-up were eligible. We 

ranked studies according to the year halfway the period of patient inclusion. Out 

of 4.585 potentially eligible studies, 74 fulfilled the selection criteria. The number 

of patients per study varied from 40 to 706 (median 76). Data from 8.829 patients 

with CVT, included between 1942 and 2012, were analyzed. The average age was 

32.9 years and 64.7% were women. There was an inverse correlation between 

mortality and year of patient recruitment (Pearson’s correlation coefficient 

-0.72, p<0.001). In a sensitivity analysis the correlation remained statistically 

significant after exclusion of studies published before 1990, retrospective studies, 

or single-center studies. The frequency of focal neurological deficits and coma 

also decreased significantly over time (correlation coefficient -0.50 and -0.52, 

respectively). These data confirm that there is a clear trend in declining mortality 

among patients with CVT over time. Possible explanations are improvements in 

treatment, a change in risk factors, and, most importantly, the identification of less 

severe cases by improved diagnostic methods.
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Part II: Treatment of cerebral venous thrombosis

Chapter 7 is a narrative review of the different treatment options for CVT. Due to 

the paucity of controlled trials, treatment decisions for these patients often have 

to be made in the absence of sound evidence. Heparin is considered the mainstay 

of treatment, supported by data from 2 small trials. Besides anticoagulation, no 

other aspects of the treatment of CVT have thus far examined in a randomized 

trial. More invasive treatment options are endovascular thrombolysis and – in 

some severe cases – decompressive hemicraniectomy. 35-50% of patients suffer 

from seizures during the acute phase and these should be treated promptly with 

anti-epileptic drugs. Late seizures usually occur within 6-12 months, mostly in 

patients who had seizures in the acute phase. Increased intracranial pressure 

is common in the acute phase, but unless the patient’s vision is threatened, 

treatment to reduce the pressure is rarely required. Oral anticoagulation with 

vitamin K antagonists is indicated after the acute phase, for a period of 3 to 12 

months. Rarely, in the case of a recurrent thrombosis or some forms of genetic 

thrombophilia, a longer – or even lifelong – period of treatment is justified.

In chapter 8 we report the results of an international survey of treatment 

variations in CVT. Ninety-one out of 165 invited physicians (55%) completed 

our online survey. Ninety-two percent considered heparin the primary therapy 

and most (64%) used unfractionated, intravenous heparin. Forty-three percent 

had used endovascular thrombolysis in selected cases, with rt-PA as the most 

frequently used drug. Our survey showed there is considerable practice variation 

between physicians in the duration of anticoagulation. Most prefer 6 months, but 

a significant minority favors a shorter or longer duration. This area of uncertainty 

is the rationale behind the design of the EXCOA-CVT study (EXtending oral 

antiCOAgulant treatment after acute Cerebral Vein Thrombosis). EXCOA-CVT is 

a cluster randomized trial that compares standard (3-6 months) to extended 

(12 months) duration of anticoagulation. The frequency of recurrent venous 

thrombotic events is the primary efficacy endpoint and major hemorrhagic 

complications the principal safety endpoint of the trial. The trial is expected to 

start in January 2014 (excoa-cvt.com).
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Anticoagulation

Chapter 9 is our recent update of the Cochrane meta-analysis about the 

effectiveness and safety of anticoagulant therapy in patients with CVT. 

Unconfounded randomized controlled trials in which anticoagulant therapy 

was compared with placebo or open control were eligible for inclusion in 

the meta-analysis. CVT had to have been confirmed by MRI-venography, CT-

venography or conventional angiography. We included two small trials involving 

79 patients. One trial (20 patients) examined the efficacy of intravenous, 

adjusted dose unfractionated heparin. The other trial (59 patients) examined 

high dose, body weight adjusted, subcutaneous, low-molecular weight heparin 

(nadroparin). Two trials were excluded from the meta-analysis: one because it 

has been published only as an abstract and the other because the diagnosis of 

CVT was not established by the predefined criteria. Anticoagulant therapy was 

associated with a pooled relative risk of death of 0.33 (95% confidence interval 

(CI) 0.08 to 1.21) and of death or dependency of 0.46 (95% CI 0.16 to 1.31). The 

absolute reduction in the risk of death or dependency by heparin treatment was 

13% (95% CI 30% to -3%). No new intracerebral hemorrhages were observed in 

patients treated with heparin. Instead, in the trial by Einhaupl, follow-up imaging 

showed new intracerebral hemorrhages in 3 of the 10 patients in the placebo 

arm, although the paper fails to report if these were symptomatic.1 Two patients 

in the placebo arms (one in each trial) had a diagnosis of probable pulmonary 

embolism (one fatal). Before the use of heparin, pulmonary embolism was a well 

known complication of CVT2, but nowadays it is rarely reported.3 

Based upon the limited evidence available in the meta-analysis, anticoagulant 

treatment for CVT appeared to be safe and was associated with a potentially 

important reduction in the risk of death or dependency. Although the 

estimated pooled risk reductions did not reach statistical significance, patients 

and doctors may be reluctant to embark upon a new trial in adult patients 

that includes a placebo group. International guidelines recommend the use of 

heparin in patients with CVT, regardless of the presence of baseline intracerebral 

hemorrhagic lesions.4, 5 Most physicians concur with these guidelines and 

consider heparin the primary treatment for CVT6. Some have questioned7, 8 or 

downright criticized this strategy, stating there is insufficient evidence for its 

efficacy and safety.9, 10 
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Which type of heparin to choose?

Neither the guideline of the European Federation of Neurological Societies5 nor 

that of the American Stroke Association4 gives an explicit recommendation 

on which type of heparin to use: low-molecular weight heparin (LMWH) or 

unfractionated heparin (UFH). Most neurologists appear to favor UFH (chapter 

8). Data from large randomized trials in deep vein thrombosis, however, have 

unequivocally shown that LMWH is more effective and – more importantly 

in the case of CVT – results in less hemorrhagic complications than UFH.11 In 

chapter 10 we examined the effect on clinical outcome of each type of heparin 

in patients with CVT who were included in the ISCVT study. Patients not treated 

with heparin (n=107) and those who sequentially received both types of heparin 

(n=99) were excluded from the analysis. The primary endpoint was functional 

independency at 6 months (Rankin score ≤ 2). Secondary endpoints were 

complete recovery (Rankin 0-1), mortality, and new intracranial hemorrhages. 

119 patients received LMWH (28%) and 302 UFH (72%). Significantly more 

patients treated with LMWH were functionally independent after 6 months, 

both in univariate analysis (OR 2.1, CI 1.0-4.2) and after adjustment for prognostic 

factors and imbalances (OR 2.4, CI 1.0-5.7). LMWH was associated with less new 

intracerebral hemorrhages (adjusted OR 0.29, CI 0.07-1.3), especially in patients 

with intracerebral lesions at baseline (adjusted OR 0.19, CI 0.04-0.99). There was 

no difference in complete recovery and mortality. 

These results suggest a better efficacy and safety of LMWH over UFH in patients 

with CVT, although the uncontrolled design of this study has obvious limitations. 

Recently a randomized trial which directly compared LWMH to UFH in patients 

with CVT was published.12 In this open-label study, 66 patients were randomized 

between fixed dose LMWH (n=34) or adjusted dose intravenous UFH (n=32). 

Mortality at discharge was significantly higher in UFH treated patients (18.8% 

vs. 0%, p=0.01). This study, however, did have methodological flaws and the 

trial was not enrolled in any trial registry prior to start of the study. Also, the 

difference in outcome is very large; much bigger than one would expect based 

on data from previous studies13, even studies from developing countries.14 This 

may partly be explained by the fact that patients in the UFH arm were in a worse 

clinical condition (lower Glasgow coma scale and more often thrombosis of the 

deep venous system). 
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In conclusion, based on the available data in patients with CVT, in combination 

with data from large randomized trials in extracerebral venous thromboembolism, 

a plausible pathophysiological basis and obvious advantages of LMWH in daily 

practice, we believe that LMWH is preferable above UFH for the initial treatment 

of patients with CVT. The only patients we still treat with UFH are those with 

contra-indications for LMWH (e.g. renal failure) and patients who are expected to 

require decompressive surgery within the next 48 hours, since UFH has a shorter 

half-life and can be antagonized with protamine sulfate in acute situations.

Endovascular thrombolysis

Over the past few years, various researchers concluded that the scanty evidence 

for the efficacy and safety of endovascular thrombolysis for CVT warrants a 

randomized trial.15-17 To this end we launched the TO-ACT trial (Thrombolysis 

Or Anticoagulation for Cerebral venous Thrombosis). The rationale and design 

of this study are addressed in chapter 11. TO-ACT is a prospective, randomized, 

open-label, blinded endpoint (PROBE) trial. Patients with CVT are eligible if they 

have a high probability of poor outcome and if the responsible physician is 

uncertain if endovascular thrombolysis or standard anticoagulant treatment 

is better. A high risk of poor outcome is defined by presence of one or more of 

the following factors: mental status disorder, coma, intracranial hemorrhagic 

lesion or thrombosis of the deep cerebral venous system. Inclusion of 164 

patients (82 in each treatment arm) provides a power of 80% to detect a 50% 

relative reduction of poor outcomes. Patients are randomized to receive either 

endovascular thrombolysis or standard therapy (therapeutic doses of heparin). 

Endovascular thrombolysis consists of local application of rt-PA or urokinase 

within the thrombosed sinuses and/or mechanical thrombectomy. The primary 

endpoint is the modified Rankin score (mRS) at 12 months, with a score ≥2 

defined as poor outcome. Secondary outcomes are 6 months mRS, mortality 

and recanalisation rate. Major intra- and extracranial hemorrhagic complications 

within one week after the intervention are the principal safety outcomes. 

Results will be analyzed according to the “intention-to-treat” principle. Blinded 

assessors (physicians or research nurses) not involved in the treatment of the 

patient will assess endpoints with standardized questionnaires.
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The first patient in the TO-ACT trial was randomized in September 2011 and 

currently 27 patients have been included. There are 11 active centers (5 in 

Portugal and 6 in the Netherlands) and 2 additional hospitals (Inselspital, 

Bern, Switzerland and Xuan Wu, Beijing, China) will join shortly. The steering 

committee is committed to recruit other centers, but due to limited funding 

and bureaucratic hurdles, this process has been difficult. If we extrapolate the 

current speed of recruitment, the first interim analysis (after recruitment of 55 

patients) is expected in the beginning of 2015. Additional information about 

the TO-ACT trial is available at www.to-act-trial.org. 

Decompressive surgery

Chapters 12, 13 and 14 focus on the efficacy of decompressive hemicraniectomy 

for patients with severe CVT and impending cerebral herniation. In chapter 12, we 

report the clinical outcomes of the first 3 CVT cases treated with decompressive 

surgery in our hospital. Two patients had an excellent outcome. The third patient, 

who had been comatose for at least twelve hours prior to surgery, died despite the 

intervention. Chapter 13 is an extension of this project and reports the outcomes 

of 10 patients, at the time the largest prospective study of this intervention for 

CVT. The median age of the patients was 41 years (range 26-52). Five patients 

were comatose before surgery. All patients except one had space-occupying 

intracranial hemorrhagic infarcts. The median preoperative midline shift was 

9 mm (range 3-14). Two patients died from progressive cerebral edema and 

expansion of the hemorrhagic infarcts. Of the remaining patients, 6 had a good 

clinical outcome (no disability in 5; minor disability in 1). Chapter 14 describes 

an international retrospective registry of patients treated with decompressive 

surgery in 22 centers and a systematic review of all published cases. In total, 69 

patients were included, 38 from the registry. Decompressive craniectomy was 

performed in 45 patients, hematoma evacuation in 7 and both interventions 

in 17 patients. Eleven patients (15.9%) had died. At last follow up (median 12 

months) 39 patients (56.5% of total, 67% of survivors) had a mRS of 0-2 (no or 

minor disability). Three of the 9 patients with bilateral fixed pupils recovered 

completely. Only 7% of surviving patients remained severely disabled (mRS 4 

or 5). This result is much better than in patients with arterial stroke who need 

hemicraniectomy. In the pooled analysis of randomized trials for decompressive 

surgery for ischemic stroke, 45% of the surviving patients in the surgery arm 

were severely disabled (mRS 4 or 5) at follow-up.18 In conclusion, decompressive 
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hemicraniectomy can be life-saving and can result in an excellent outcome in 

patients with severe CVT and impending cerebral herniation.

Of course a randomized controlled trial would offer the highest level of evidence 

for the benefit of hemicraniectomy for severe CVT. For various reasons, we 

believe such a trial is not feasible. Only 5 to 10% of patients with CVT would 

be eligible for randomization. This makes recruitment of a sufficient number of 

patients almost impossible. In addition there are ethical concerns. Transtentorial 

herniation is the most frequent cause of early death in patients with CVT19, 20 and 

most patients with clinical and radiological signs of herniation will die if they are 

not operared.21, 22 Compared to this gloomy outlook, the outcome of patients 

who undergo surgery appears to be so much better that we believe withholding 

patients this therapy is unethical. The data from chapter 14 provide no ground 

for the concern that surgery would decrease mortality at the cost of severe 

disability among the survivors. To acquire more data on decompressive surgery 

for CVT, an international prospective registry was launched (DECOMPRESS-2, 

principal investigator Prof J.M. Ferro). Participating centers record clinical 

and radiological information of consecutive patients with CVT treated by 

decompressive hemicraniectomy or hematoma evacuation. Clinical recovery 

and quality of life is measured at 6 and 12 months. The DECOMPRESS-2 registry 

aims to include 100 patients in the coming years. The first patient was included 

in January 2012 and as of November 2013 15 patients from 9 hospitals have 

been included.

Other ongoing research projects

Since 2006, more than 160 patients with CVT have been admitted to the 

Academic Medical Centre, most of whom were referred in the acute phase by 

other hospitals. Data on baseline characteristics, radiological findings and clinical 

recovery of these patients are recorded in a prospective database. Since 2012 we 

also ask consent from each patient to store citrate plasma and DNA. In addition 

we collect clinical information and blood from patients who are suspected to 

have CVT, but in whom this condition was ruled out by CT or MRI venography. 

Several ongoing research projects are based on these databases. The aim of one 

of these projects is to identify biomarkers which can help exclude CVT without 

the need to perform expensive and laborious radiological investigations. The 

first biomarkers that will be examined are D-dimer – which was already the 
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focus of several other studies23 – and factor XIII activation peptide. This project is 

a joint effort with colleagues from the Inselspital hospital in Berne, Switzerland 

(P.I. Prof. Dr. Marcel Arnold) and the department of experimental vascular 

medicine of the Academic Medical Centre (Prof. Dr. J.C. Meijers). The aim of 

another study is to identify candidate genes associated with CVT through exome 

sequencing of a large number of CVT cases and controls. This so-called “BEAST 

study” (Biorepository to Establish the Aetiology of Sinovenous Thrombosis), is a 

collaboration of a group of international researchers, chaired by Prof. Dr. Pankaj 

Sharma (Imperial college, London).24 Preliminary results of the first 500 patients 

are expected beginning of 2014.
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Inleiding

Cerebrale veneuze sinustrombose (CVT), ook wel sinustrombose genoemd, is een 

zeldzame aandoening waarbij zich een trombus vormt in de cerebrale sinussen 

en/of corticale venen. De ziekte werd voor het eerst in 1825 beschreven door de 

Franse arts Ribes. Door de trombose wordt de drainage van bloed en liquor beperkt, 

waardoor verschillende symptomen kunnen ontstaan. Het meest voorkomende 

symptoom is hoofdpijn, bij 90% van de patiënten. Ongeveer de helft van de 

patiënten met CVT krijgt veneuze – meestal hemorrhagische – herseninfarcten. 

Epileptische aanvallen komen in de acute fase bij 40% van de patiënten voor, veel 

vaker dan bij het arteriële herseninfarct. De meeste volwassen patiënten met CVT 

zijn 30-ers of 40-ers en slechts 10% van de patiënten is ouder dan 65. Een tweede 

piek in de incidentie doet zich voor bij neonaten en is dan vaak het gevolg van 

perinatale complicaties of dehydratie. Op de volwassen leeftijd komt CVT driemaal 

zo vaak voor bij vrouwen dan mannen. Dit is het gevolg van de geslachtsspecifieke 

risicofactoren zwangerschap, het kraambed en orale anticonceptie.

De eerstelijns behandeling voor patiënten met CVT is antistolling met heparine, 

gevolgd door orale antistolling, voor een periode van 3-12 maanden. Ernstige 

gevallen worden soms behandeld met endovasculaire trombolyse, maar de 

werkzaamheid en veiligheid van deze behandeling staat nog niet vast. Patiënten 

met grote veneuze herseninfarcten en tekenen van cerebrale herniatie kunnen 

het beste behandeld worden met decompressieve hemicraniectomie. 

De prognose van CVT is over het algemeen – en zeker vergeleken met het 

arteriële herseninfarct – gunstig. De mortaliteit is 5 tot 10%. In de acute fase is dit 

meestal een direct gevolg van de ziekte (cerebrale herniatie), terwijl patiënten 

in de chronische fase vaker overlijden door onderliggende aandoeningen, 

vooral kanker. Van de overlevenden blijft ongeveer 15% in meer of mindere 

geïnvalideerd (modified Rankin Scale 2-5). In tegenstelling tot de hoge 

frequentie van epileptische aanvallen in de acute fase, komt epilepsie na CVT 

slechts bij 5-10% van de patiënten voor. 
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In dit proefschrift worden 13 klinische onderzoeken naar verschillende aspecten 

van CVT beschreven. In het eerste deel komen de epidemiologie en diagnostiek 

aan bod en in deel 2 richten we ons op de behandeling van patiënten met CVT.

Deel 1: Epidemiologie en diagnostiek

In hoofdstuk 2 beschrijven we een dwarsdoorsnede onderzoek onderzoek 

naar de incidentie van CVT. Tot nu toe werd de incidentie geschat op 0.2 tot 0.5 

nieuwe gevallen per 100.000, maar omdat deze schattingen gebaseerd zijn op 

een extrapolatie van oude mortaliteitsdata zijn ze vermoedelijk onbetrouwbaar. 

Wij hebben alle nieuwe gevallen van CVT geïdentificeerd die tussen 1 januari 

2008 en 31 december 2010 in 19 ziekenhuizen in Noord-Holland en Flevoland 

gediagnosticeerd zijn. De medische gegevens van 9.270 patiënten werden 

gescreend en uiteindelijk vonden we 94 nieuwe gevallen van CVT. Hieruit 

konden we een incidentie van 1.32 nieuwe gevallen per 100.000 persoonsjaren 

berekenen. Dit onderzoek toont aan dat de incidentie van CVT hoger is dan 

voorheen gedacht.

Hoofdstuk 3 gaat over de verschillen tussen vrouwelijke en mannelijke patiënten 

met CVT. Hiervoor hebben we de data van de “International Study on Cerebral 

Vein and dural sinus Thrombosis” (ISCVT) gebruikt. De ISCVT is een groot 

prospectief, multicenter cohortonderzoek in 21 landen, dat werd uitgevoerd 

tussen 1998 en 2001. Van de 624 patiënten in dit onderzoek waren er 465 vrouw 

(75%). Bij 2/3 van de vrouwen bestond er een geslachtsspecifieke risicofactor 

(orale anticonceptie, zwangerschap, kraambed of hormonale therapie). De 

prognose van vrouwen met dergelijke risicofactoren was beter dan van vrouwen 

zonder een van deze risicofactoren (herstel zonder beperkingen: 85% vs. 72%). 

Multivariabele logistische regressie analyse bevestigde dat de afwezigheid 

van een geslachtsspecifieke risicofactor een onafhankelijke voorspeller is 

voor een slechtere uitkomst (odds ratio 3.7). Mogelijke verklaringen voor deze 

bevindingen zijn de jongere leeftijd en minder co-morbiditeit onder vrouwen 

met een geslachtsspecifieke risicofactor.

In hoofdstuk 4 bestuderen we de karakteristieken van juxtacorticale 

bloedingen en hebben we onderzocht of dit type bloeding specifiek is voor CVT. 
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Juxtacorticale bloedingen zijn kleine bloedingen die vlak onder de hersenschors 

gelokaliseerd zijn en anatomisch de kromming van de hersenschors volgen (zie 

voor een voorbeeld figuur 1 en 2 in hoofdstuk 4). We hebben de CT scans van 

de hersenen van alle volwassen patiënten met CVT die tussen 2000 en 2010 in 

het AMC behandeld zijn opnieuw beoordeeld. Van de 114 patiënten met CVT 

hadden er 53 een hersenbloeding, waarvan 14 (26% van 53) een juxtacorticale 

bloeding. Vergeleken met de andere soorten bloedingen bij de patiënten met 

CVT, hadden patiënten met een juxtacorticale bloeding vaker papiloedeem 

(44% vs. 9%) en vaker trombose van de sinus sagittalis superior (93% vs. 

49%). Vervolgens hebben we het voorkomen van juxtacorticale bloedingen 

onderzocht in een controle cohort van 196 leeftijd gematchte patiënten met 

een spontane hersenbloeding die niet veroorzaakt was door CVT. In deze groep 

vonden we slechts bij 3 patiënten een juxtacorticale bloeding. Één van deze 3 

bleek bij herevaluatie van de radiologische onderzoeken toch CVT te hebben, 

die aanvankelijk gemist was. Deze resultaten tonen aan dat juxtacorticale 

bloedingen karakteristiek zijn voor CVT en geassocieerd met trombose van de 

sinus sagittalis superior. 

Hoofdstuk 5 is een systematische analyse van alle gepubliceerde casus van 

geïsoleerde corticale vene trombose (ICVT). ICVT is een bepaald type CVT, 

waarbij er trombose optreedt in een corticale vene zonder trombose van een 

aangrenzende sinus. Omdat ICVT zelden voorkomt is er weinig bekend over 

de klinische en radiologische verschijnselen. We hebben in totaal 104 casus 

beschrijvingen in de literatuur gevonden. De gemiddelde leeftijd was 40 en 

68% van de patiënten was vrouw. Hoofdpijn (71%), epileptische aanvallen (57%) 

en focale neurologische uitval (58%) kwamen het meeste voor. Bij geen van 

de patiënten werd papiloedeem gerapporteerd en een verhoogde liquordruk 

werd slechts bij 2 van de 11 patiënten gevonden bij wie deze gemeten was. 79% 

van de patiënten was behandeld met antistolling en de mortaliteit bij ontslag 

was 7%. Dit onderzoek laat zien dat tekenen van verhoogde intracraniële druk 

minder vaak voorkomen bij ICVT dan CVT. De behandeling en mortaliteit van 

ICVT zijn vergelijkbaar met CVT.

In hoofdstuk 6 hebben we de ogenschijnlijke daling van de mortaliteit van 

CVT in de afgelopen decennia onderzocht. Hiervoor analyseerden we alle 

artikelen gepubliceerd in de medische literatuur waarin minimaal 40 patiënten 
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met CVT en met gegevens over de mortaliteit werden beschreven. In totaal 

voldeden 74 onderzoeken aan deze criteria, met daarin de gegevens van 8.829 

patiënten, geïncludeerd tussen 1942 en 2012. De gemiddelde leeftijd was 33 

jaar en 65% van de patiënten was vrouw. Er was een significante negatieve 

correlatie tussen mortaliteit en jaar van inclusie (Pearson’s correlatie coëfficiënt 

-0.72). Dit onderzoek bevestigt dat de mortaliteit van CVT sterk gedaald is over 

de jaren. Vermoedelijk is de belangrijkste oorzaak hiervan een verbetering van 

diagnostiek, waardoor lichtere gevallen geïdentificeerd worden.

Deel 2: Behandeling

De behandeling van patiënten met CVT vereist kennis van een groot aantal 

therapieën. In hoofdstuk 7 wordt een overzicht gegeven van de verschillende 

behandelopties. Zowel therapieën gericht op de trombose zelf, als 

behandelingen van eventuele complicaties van de ziekte (zoals epileptische 

aanvallen en verhoogde intracraniële druk) komen aan bod. 

In hoofdstuk 8 hebben we onderzocht of er praktijkvariatie bestaat in de 

behandeling van CVT. 165 artsen met een aangetoonde wetenschappelijke 

belangstelling voor CVT werden uitgenodigd een online enquête in te vullen, 

wat door 99 (55%) werd gedaan. Het overgrote deel (92%) gaf aan antistolling als 

eerstelijns behandeling te gebruiken en 87% vond een hersenbloeding als gevolg 

van CVT geen contra-indicatie voor antistolling. Ongefractioneerde heparine 

werd door 64% geprefereerd boven laag-moleculaire gewichtsheparine. Over 

de optimale duur van orale antistolling na de acute fase waren de meningen 

verdeeld.

Hoofdstuk 9 is de meest recente versie van de Cochrane meta-analyse van 

de werkzaamheid en veiligheid van antistolling voor de behandeling van 

CVT. Er werden 4 gerandomiseerde studies geïdentificeerd, waarvan er twee 

werden geëxcludeerd vanwege methodologische tekortkomingen. De twee 

overgebleven trials werden gebruikt in de meta-analyse: één met 20 en één 

met 59 patiënten. Behandeling met heparine was geassocieerd met een 

lagere mortaliteit: relatief risico 0.33 (95% betrouwbaarheidsinterval 0.08 tot 

1.21). Het relatieve risico van dood of ernstige invaliditeit was ook kleiner 
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(0.46; 95% betrouwbaarheidsinterval 0.16 tot 1.31). Er traden geen nieuwe 

hersenbloedingen op bij de patiënten die behandeld waren met heparine, 

maar wel bij drie patiënten die de placebo behandeling kregen. Op basis van 

deze beperkte hoeveelheid gegevens concluderen wij dat antistolling voor CVT 

veilig lijkt en geassocieerd is met een potentieel belangrijke afname van de kans 

op overlijden of ernstige invaliditeit, die echter niet statistisch significant was.

De internationale richtlijnen geven geen expliciet advies over welke vorm van 

heparine gebruikt moet worden voor de behandeling van CVT: ongefractioneerde 

heparine (UFH) of laag-moleculaire gewichtsheparine (LMWH). Ook blijkt er in 

het gebruik van deze verschillende soorten heparine een grote praktijkvariatie 

te bestaat (hoofdstuk 8). Hoofdstuk 10 is een post-hoc analyse van de ISCVT data 

naar de effectiviteit en veiligheid van beide soorten heparine. Patiënten die niet 

behandeld waren met heparine (n=107) of achtereenvolgens behandeld waren 

met beide soorten (n=99) werden geëxcludeerd. Van de overige 421 patiënten 

waren er 119 (28%) behandeld met LMWH en 302 (72%) met UFH. Patiënten 

behandeld met LMWH hadden significant vaker een goede klinische uitkomst 

dan patiënten behandeld met UFH (odds ratio 2.1 voor modified Rankin Scale 

0-2). Na correctie voor prognostische factoren bleef het verschil significant. 

Ook traden er minder nieuwe hersenbloedingen op bij patiënten behandeld 

met LMWH (odds ratio 0.29). Dit onderzoek suggereert dat LMWH de voorkeur 

verdient boven UFH voor de behandeling van patiënten met CVT, vermoedelijk 

vanwege een beter veiligheidsprofiel.

Endovasculaire behandeling is een nieuwe behandeling die soms wordt 

toegepast bij patiënten met CVT. Bij deze behandeling wordt via de vena 

femoralis of jugularis met behulp van een katheter toegang verkregen tot de 

veneuze sinussen en wordt getracht de trombus mechanisch te verwijderen 

of op te lossen door locale toediening van een trombolyticum. Een voordeel 

van deze behandeling is dat de stolsels sneller kunnen worden verwijderd. 

Omdat het niet zeker is of deze kostbare behandeling, waar ook risico’s aan zijn 

verbonden, beter is dan de standaardbehandeling zijn wij in 2011 begonnen 

met een gerandomiseerde trial. In hoofdstuk 11 beschrijven we de achtergrond 

en de opzet van deze TO-ACT studie (Thrombolysis Or Anticoagulation for 

Cerebral venous Thrombosis). Deelnemende patiënten loten tussen standaard 

behandeling (antistolling) of standaard behandeling plus endovasculaire 
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behandeling. De klinische uitkomst na 1 jaar is het primaire eindpunt van 

het onderzoek. De TO-ACT studie loopt op dit moment in 11 ziekenhuizen in 

Nederland en Portugal en 2 andere ziekenhuizen (in China en Zwitserland) zullen 

op korte termijn starten. De eerste patiënt is in september 2011 geïncludeerd 

en momenteel doen 27 patiënten mee aan het onderzoek. We hopen in de 

komende jaren in totaal 164 patiënten te includeren. De TO-ACT studie zal naar 

verwachting een antwoord geven op de belangrijke vraag of endovasculaire 

behandeling van toegevoegde waarde is voor patiënten met een ernstige vorm 

van CVT. Meer informatie over de studie is te vinden op www.to-act-trial.org.

Bij een klein deel van de patiënten met CVT en hersenbloedingen worden 

de bloedingen zo groot dat door verplaatsing van hersenweefsel het 

diencephalon en de hersenstam kunnen worden gecomprimeerd (herniatie). 

Dit leidt tot een gedaald bewustzijn, en vervolgens bijna altijd overlijden. Een 

mogelijke therapie voor deze patiënten is decompressieve hemicraniectomie. 

Dit is een operatie waarbij een deel van de schedel (tijdelijk) verwijderd 

wordt, waardoor de hersenen meer ruimte krijgen. In de hoofdstukken 12 

t/m 14 onderzoeken wij de werkzaamheid van deze behandeling voor CVT. 

Hoofdstuk 12 is een beschrijving van 3 patiënten die een decompressieve 

hemicraniectomie ondergingen. Twee van de drie patiënten hadden een goede 

klinische uitkomst, terwijl de laatste overleed in de acute fase. Hoofdstuk 13 

is een uitbreiding van dit onderzoek, waarin de resultaten van de eerste 10 

patiënten worden beschreven, toen het grootste prospectieve onderzoek naar 

decompressieve hemicraniectomie voor CVT. Hoofdstuk 14 is een retrospectief 

multi-centrum onderzoek en een systematische analyse van de literatuur, dat 

werd uitgevoerd in samenwerking met collega’s uit Lissabon en Parijs. In deze 

studie zijn de gegevens van 69 patiënten met CVT die een decompressieve 

hemicraniectomie ondergingen geanalyseerd. 57% van de patiënten herstelde 

volledig of met een lichte handicap en 16% is overleden. Slechts 7% van de 

overlevenden was ernstig gehandicapt (modified Rankin Scale 4 of 5). Deze drie 

onderzoeken tonen aan dat decompressieve hemicraniectomie in de meeste 

gevallen levensreddend is en vaak leidt tot een goede klinische uitkomst bij 

patiënten met CVT en dreigende inklemming.
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Dankwoord
Dit proefschrift was nooit tot stand gekomen zonder de hulp van een groot 

aantal mensen. Hieronder wil ik een aantal van hen in het bijzonder bedanken.

Allereerst natuurlijk mijn promotor en opleider, prof. dr. Stam. Beste Jan, de 

afgelopen jaren is er op het AMC niemand geweest van wie ik zoveel geleerd 

heb en aan wie ik zoveel te danken heb. Je bent voor mij het voorbeeld waar 

ik me zowel als arts als onderzoeker aan probeer te spiegelen. Een schier 

onuitputtelijke hoeveelheid kennis, zeer geïnteresseerd in je patiënten en 

altijd bereid om iets nieuws te leren (ook buiten de geneeskunde). Afspraken 

maakten we zelden (en zeker niet zonder eindtijd), meestal klopte ik spontaan 

op je kamerdeur en voor ik het wist hadden we in een paar minuten weer een 

nieuwe wending aan een onderzoek gegeven. Je schrijft ook als geen ander, 

wat laatst maar weer eens bleek in je vlammende antwoord op de brief in Stroke 

van collega Cundiff. Veel dingen heb ik snel van je opgepikt (bv. minder present 

participle), andere eigenschappen blijken wat hardnekkiger (data = meervoud). 

Dank voor alles!

Prof. dr. Ferro. We have collaborated in many different projects on CVT over the years 

and I hope that we will continue to work together in future studies. Thank you for 

everything you have taught me, for your hospitality when I visited Lisbon and for 

taking time out of your busy schedule to travel to Amsterdam to attend the defense 

of my thesis as a member of the doctorate committee.

De overige commissieleden: prof. dr. Daemen, prof. dr. Majoie, prof. dr. 

Middeldorp, prof. dr. Rinkel en prof. dr. Roos. Dank dat u bereid bent geweest om 

het proefschrift te beoordelen en zitting te nemen in de promotiecommissie. 

Prof. dr. Vermeulen. Beste Rien, ons eerste gesprek ging over voetbal (mijn 

bijbaantje als chauffeur van Ajax tijdens mijn sollicitatiegesprek) en daar bleef 

het de daarop volgende jaren niet bij. Ik hoop voor je dat Feyenoord zich ooit nog 

op de Coolsingel mag vertonen met de kampioensschaal. Ik heb buitengewoon 

veel van je geleerd over je hoe goed klinisch onderzoek moet doen tijdens de 

vele “vaatclub” besprekingen.
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Prof. dr. van Schaik. Beste Ivo, ook ons eerste contact – per e-mail – ging over 

voetbal, maar dat was niet omdat jij zo’n liefhebber van deze sport bent (en 

zeker niet van voetbalpools). Desondanks drink je je koffie nog altijd uit een 

Ajax beker. Als assistentenvertegenwoordiger heb ik vaak met je overlegd en 

samengewerkt en heb ik zeer veel van je geleerd. Ik heb veel respect voor de 

manier waarop jij de afdeling door deze zware financiële jaren heen loodst.

Dit proefschrift bestaat volledig uit klinische onderzoeken en deze zouden niet 

mogelijk zijn geweest zonder de medewerking van patiënten en hun familie. 

Ik dank hen voor hun bereidwilligheid en het vertrouwen dat zij in ons gesteld 

hebben. 

Alle collega neurologen die patiënten met een ingewikkelde sinustrombose 

naar het AMC hebben verwezen (en nog steeds verwijzen): dank voor het 

in ons gestelde vertrouwen. Ook wil ik de neurologen van de verschillende 

ziekenhuizen in Noord-Holland en Flevoland (hun namen worden genoemd 

in hoofdstuk 2) bedanken voor hun hulp bij het identificeren van de patiënten 

voor het incidentie onderzoek.

The steering committee, local investigators and members of the DSMB of the TO-

ACT trial. Thank you for your continuing efforts to make a success of the trial. I 

would also like to thank the collaborators of other ongoing research projects on 

CVT, especially prof. dr. Meijers (AMC), prof. dr. Arnold (Inselspital, Berne) and prof. 

dr. Sharma (Imperial college London).

Mijn collega sinustrombose onderzoekers: Yvonne Zuurbier en (sinds kort) 

Suzanne Silvis. Yvonne, al ruim 3 jaar doen we met veel plezier onderzoek 

samen. Het aantal weekenden dat we samen op H2 aan de slag waren is niet 

meer te tellen. Dank voor je ongekende inzet en toewijding bij het lopend 

houden van de verschillende studies (TO-ACT, CVT-1, CVT-2, DECOMPRESS-2, 

etc.). Suzanne, welkom bij de club! Dat we kunnen samenwerken weet ik al sinds 

Alkmaar, dus daar maak ik me geen zorgen over. Je eerste abstract was gelijk 

een uitputtingsslag, wegens een deadline die toch weer sneller kwam dan we 

dachten. Ik hoop dat ons onderzoek naar het post-sinustrombose syndroom 

een succes wordt (en uitmondt in een promotie natuurlijk).
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De overige stafleden van de vaatclub: Paul Nederkoorn, Edo Richard en Yvo 

Roos. Dank voor de prettige samenwerking en alles wat ik van jullie geleerd 

heb, zowel op wetenschappelijk als op klinisch gebied. De congresbezoeken 

waren iedere keer een succes (en altijd gezellig). Ik hoop dat we nog lang en 

vaak kunnen samenwerken.

Mijn (deels voormalige) kamergenoten van H2. Dank voor leuke tijd en alle goede 

herinneringen. Mervyn Vergouwen: speciale dank voor het initiëren van de 

contacten in Toronto. Ik houd je op de hoogte van de ontwikkelingen daar. Koen 

de Gans: de voetbalpools waren een doorslaand succes, misschien dit jaar weer? 

Nyika Kruyt: eindelijk toch naar hyperglycemie bij sinustrombose gekeken. Veel 

succes in het LUMC en misschien win ik ooit nog een potje schaken van je. Raoul 

Kloppenborg: we hebben bijna alles synchroon gedaan, opleiding, promotie en 

gezin. Dank voor de leuke tijd. Sanne Zinkstok: de sfeermaker van H2-218. Dank 

voor de goede samenwerking en de gezelligheid. Hanneke Thoonsen: als we ooit 

nog tijd hebben gaan we het proefschrift project afmaken. Fianne Spaander: 

dank voor het overbrengen van alle AMC roddels (en ook daarbuiten), die je altijd 

eerder wist dan wie dan ook (en zeker dan ik). Irem Baharoglu, Madieke Liem, en 

Lucie van de Berg: sinds jullie er zijn is de vervrouwelijking van de vaatkamer een 

feit. Roze bekers en weinig gesprekken over voetbal. Maar het is er niet minder 

gezellig door. Dank voor de leuke samenwerking.

De onderzoeksverpleegkundigen, in het bijzonder Marieke Mink, Annemiek de 

Jong en Imke Hooijenga. Marieke, dank voor al je hulp bij het opstarten van de 

TO-ACT studie. Annemiek en Imke, bedankt voor al die keren dat jullie naar de 

poli kwamen omdat er weer een Rankin van een TO-ACT patiënt geblindeerd 

afgenomen moest worden.

De collega’s van de neuroradiologie, in het bijzonder dr. van de Berg en prof. 

dr. Majoie. Dank voor de prettige samenwerking bij tal van wetenschappelijke 

onderzoeken.

Alle overige AIOS, stafleden, verpleegkundigen, KNF medewerkers, polikliniek 

medewerkers, onderzoekers en alle andere medewerkers van H2 (teveel om op 

te noemen), dank voor de zeer plezierige samenwerking de afgelopen jaren en 

al jullie hulp bij alle onderzoeken.

27933_Coutinho .indd   250 31-01-14   12:49



251

Dankwoord

Mijn stagebegeleiders van de afgelopen jaren: prof. dr. Aarden, prof. dr. Kastelein, 

prof. dr. Stroes, prof. dr. Hayden en dr. Singaraja. Van ieder van jullie heb ik 

stapsgewijs geleerd hoe je op een goede manier wetenschap moet bedrijven. 

Dank ook dat jullie mij altijd de ruimte hebben geboden om mijn eigen weg te 

vinden in het onderzoek.

De studenten geneeskunde die de afgelopen jaren hebben geholpen bij 

verschillende projecten: Rebecca Seelig, Eva Klaver, Remi Kool, Jorn Gerritsma, 

Alexandra van Dissel (je volhardendheid om de statussen van een paar duizend 

patiënten door te nemen), Aafke Gaartman (je organisatie van het CVT team), 

Stijn Hogeboom, Boris de Graaf, Eva Meulendijks, Arienne Dikstaal en Adrien 

Groot (ook jij hebt je door duizenden statussen heen geworsteld). Allemaal 

dank voor jullie inzet. Ik hoop dat jullie een leerzame tijd hebben gehad.

Mijn twee paranimfen, Jelle Vosters en Danny Cohn. Een paar jaar geleden stond 

ik jullie bij, nu zijn de rollen omgedraaid. Dank voor jullie steun deze dag. Jelle, 

jouw nuchtere kijk op de wereld zal ik goed kunnen gebruiken op de stressvolle 

promotiedag. Letterlijk vanaf dag 1 van onze studententijd zijn we vrienden en 

hebben we vrijwel dezelfde weg afgelegd. Met enorm veel plezier kijk ik terug 

op de verschillende vakanties (Vancouver, Washington, Lissabon en talloze 

keren skiën) en natuurlijke de zondagavond etentjes met Kim en jou. Danny 

(Cohneman), ik heb talloze goede herinneringen aan jou. Alle practical jokes: de 

parkeerboetes van het AMC, de belastingcontroleur die de stichting vasculaire 

geneeskunde kwam controleren (dank ook nog prof. Hoekstra en Levi voor hun 

medewerking hierbij) en natuurlijk de “eitjes vete”. De vakanties in Cannes met 

Petra en Maaike (zolang er tenminste geen verre familieleden langs kwamen), 

skiën, avonden klaverjassen en je (veelal) nutteloze wetenswaardigheden (waar 

na nader onderzoek maar de helft van blijkt te kloppen).

Mijn andere “geneeskunde vrienden”, Daniel en Remco. Remco, ook wij kennen 

elkaar al sinds Medische Biologie. Onze vriendschap is steeds hechter geworden. 

Ik hoop op nog vele eetclub avondjes en dat je Toronto aandoet op een van je 

toekomstige reizen. Daniel, al jaren hebben we een zeer hechte vriendschap. 

Alles kan ik met je bespreken en vrijwel altijd zitten we op dezelfde lijn. Ik denk 

nog vaak terug aan onze fantastische periode in Vancouver: wonen in Kits, de 

Volkswagen Fox, gekookte gehakt, combo B sushi, de West Coast Trail, etc. Een 

onvergetelijke tijd! Weet je zeker dat je niet ook naar Toronto wilt?
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Alle “niet medische” vrienden (die zijn er gelukkig ook nog), Jasper en Evelina, PJ 

en MG, Yaron en Daphne, Yaron en Darya en mijn oude huisgenoten (toch weer 

geneeskunde) Joost, Jeroen en Maarten. Bedankt voor alle welkome afleiding.

Annelies en Jan, bedank dat jullie altijd voor Maaike en mij klaar stonden, niet 

alleen als vaste oppas, maar ook voor die talloze onverwachte verzoeken.

Lieve Hannah (zussie) en Tjalling, door alle drukte zien we elkaar lang niet 

genoeg, maar gelukkig hebben we de jaarlijkse weekenden met onze gezinnen. 

Laten we daar nog heel lang mee door gaan.

Lieve Roel en Marjolein. Roel, de basis van mijn wetenschappelijk denken 

heb ik van jou geërfd en geleerd. Dank voor al je steun en adviezen tijdens 

mijn promotietraject. Fijn ook dat ik me bij jullie kon terugtrekken tijdens het 

schrijven van mijn proefschrift en voor de ontspannende vakanties in Póggio 

Catino samen met zwijnenneus en paardenneus.

Lieve Anneke, dank je wel dat je er altijd voor me bent geweest. Je hebt mij altijd 

gesteund en interesse getoond in alles dat ik deed. Fijn dat je van begin af aan vaste 

oppas oma voor Lily en Thomas bent, ze zijn dol op je! Hopelijk kunnen Maaike en 

ik je in deze moeilijke tijd dezelfde steun bieden die je ons altijd hebt gegeven. 

Lieve Jack, wat vreselijk jammer dat jij mijn verdediging niet meer gehaald hebt. 

Ik weet zeker dat je het heel leuk gevonden zou hebben. Helaas heeft het niet zo 

mogen zijn. Ik heb altijd genoten van de gesprekken en discussies met jou en ben 

ontzettend blij hoe gelukkig jij en Anneke elkaar maakten.

Lieve Maaike (“snurk”), je bent alles voor mij. Zonder jou had ik de promotie, 

opleiding en gezin al die jaren niet kunnen combineren. In al mijn ambitie heb 

je me altijd gesteund en de ruimte geboden en dat naast je eigen drukke baan. 

Ik sta ontelbaar veel uren “ruggetje kriebelen” bij je in het krijt. Ik ga proberen 

ze de komende jaren in te lossen! Mijn allerliefste Lily en Thomas, jullie zijn het 

mooiste dat mij is overkomen. Ik kijk er naar uit om de weekenden en avonden 

niet op het AMC te zitten (en jullie aan de lijn te hebben met de vraag wanneer 

ik naar huis kom) maar meer tijd te hebben om samen met jullie de wereld te 

ontdekken. Met zijn viertjes op naar het avontuur in Toronto!
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