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a b s t r a c t

Anticoagulation of cerebral sinovenous thrombosis (CSVT) is recommended in adults and

has been also approved in the paediatric setting. Some controversies remain however

between the existing paediatric professional consensus, notably about its use in children

with intra-cranial haemorrhage and in neonates. The publication of further original studies

prompted the French Society for Paediatric Neurology (SFNP) in association with a panel of

EPNS experts, to update the level of evidence and the knowledge in this domain.

A bibliographic analysis revealed that anticoagulants are widely used in paediatrics.

Anticoagulation is well tolerated by children (Class I, level of evidence B) and also probably

by neonates (Class IIa, level of evidence B). During the acute phase, anticoagulation is

probably effective in reducing the risk of death and sequelae in children (Class IIa, level of

evidence B). It is not yet possible to draw any conclusions regarding neonates (Class IIb).

Anticoagulation is also effective in reducing the risk of recurrence (Class I, level of evidence

B). This risk is dependent on several individual factors such as the age of the child, the

cause of the thrombosis, the persistence or the recurrence of thrombogenic factors, and the

speed of sinus recanalisation. The duration of anticoagulation needs therefore to be indi-

vidually tailored (Class I, level of evidence B).

These observations have led to the following recommendations:

- In the absence of any contraindication, it is reasonable to initiate anticoagulation

during the acute phase of CSVT in children. Prolonged treatment over 3e6months is

justified according to individual factors.
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- In the absence of any contraindication, anticoagulation may be considered indi-

vidually during the acute phase of CSVT in neonates for a duration of 6e12 weeks.

ª 2012 European Paediatric Neurology Society. Published by Elsevier Ltd. All rights

reserved.
1. Introduction considered: Pubmed, Ovid Medline, Ovid Medilne in Progress,
Interventional studies related to cerebrovascular disorders in

children are rare, except in patients with sickle-cell disease.

Despite the lack of randomised trials, paediatric stroke guide-

lines have been developed in the past 10 years and regularly

updated based on observational studies, case series, analogy

with recommendation for adults, and expert opinion.1e3

This has been the case for anticoagulant treatment of

cerebral sinovenous thrombosis (CSVT). The treatment ratio-

nale is to limit the propagation of the thrombus, to encourage

its degradation and to accelerate vessel recanalisation. The

main unwanted side effects of anticoagulants are the occur-

rence of systemic haemorrhage and the extension of a pre-

treatment parenchymal haemorrhage, which is frequently

associated with venous infarcts. However, the main cause of

bleeding is the high downstream venous pressure induced by

the occlusion, and the most logical solution is therefore the

removal of the obstruction. In adults, the risk/benefit ratio is

clearly in favour of anticoagulation, including in cases with

pre-treatment parenchymal haemorrhage.4,5

Anticoagulation is also recommended for children and has

been the object of two distinct consensus guidelines published

in2008 in the journalsChestandStroke.2,3Newstatementswere

published in 2011.5,6 Nevertheless, paediatric cerebrovascular

disease was not themain topic of these two recent papers and

some conclusions are conflicting (see Table 1). In order to

provide clinicians with updated and easily applicable recom-

mendations, the neurovascular committee of the SFNP has

decided, with the contribution of European experts in the field,

to independently complete a comprehensive analysis of pub-

lished original data specifically dedicated to the following

issues:

1) Has the safety of anticoagulation been established in the

acute phase of CSVT in children?

2) If yes, has the efficacy of anticoagulation been established

in the acute phase of CSVT in children?

3) If yes, what is the regimen to choose and for how long?

Identical issues were addressed for neonates.
2. Materials and methods

The rationale of the working group (see ref. 28 for more

details) is based upon a bibliographic analysis of series of

CSVT in children and neonates published in English in which

the effects of anticoagulant therapy could be analysed.

Studies published between 1983 (date of the first publication

reporting the use of anticoagulants in adults with CSVT) and

December 31, 2011 in the following databases were
Cochrane Database of Systematic Reviews and the Cochrane

Central Register of Controlled Trials. The keywords were “cerebral

venous (or cerebral sinovenous) thrombosis” and “management”

or “treatment”. The inclusion criteria were strictly paediatric

studies (all children or aged 0-18 years), prospective or retro-

spective, controlled or non-controlled, uni- or multicentre, in

which anticoagulant treatment was reported. The exclusion

criteria were review articles, case reports, series of fewer than

five patients, and practice guidelines.

174 publications were found. 74 were not retained because

they mainly included adults and two others were written in

a foreign language. 27 studies did not directly examine the

effects of anticoagulation, 35 studieswereonly clinical casesor

series of fewer than five patients, 22were reviews, editorials or

opinions. Two papers (a congress abstract and an original

paper) refer to the same population. A total of 13 studies

matching the inclusion criteria were considered. Through

cross-references eight additional studies were included.

Consequently, the final total was 21 independent studies.7e27

All studies were observational, and most were retrospective.

The level of evidence and the terminology of the recom-

mendations were established from the algorithm proposed by

the American Heart Association.3,5 A panel composed of recog-

nised European experts in paediatric and neonatal neurology,

cerebrovascular pathology in adults, anticoagulants manage-

ment in children, and methodology of literature reviews and

meta-analyses (see ref. 28 for more details) was responsible

for validating/modifying the text initially written by the

working group. The present paper is an English and updated

version of the manuscript that was originally published in the

French journal Archives de Pédiatrie.28

It is beyond the scope of the present review to discuss the

epidemiology, clinical presentation, management of compli-

cations (epilepsy, intra-cranial hypertension) of children with

CSVT. In addition, rescue therapeutics such thrombolysis and

thrombectomy whose use in children are only exceptionally

reported, are not discussed.
3. CSVT in children

3.1. Safety of anticoagulation (see Table 2)

Since the 1990s, most children with CSVT have received

anticoagulation but the choice of treatment regimen was left

to the judgment of the clinician. The most frequently used

protocol was acute administration of unfractionated heparin

(UFH; target PTT: 60e85 s) or low molecular weight heparin

(LMWH; target Anti-Xa: 0.4e1.0 U/mL), usually followed for 6

months, either by vitaminK antagonists (VKA; target INR: 2e3)

or by the maintenance of LMWH therapy.8e11,13,22 These
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Table 1e comparison of guidelines for chronicmanagement of CSVT in children by subtype of populations (children versus
neonates; presence or not of a significant intracranial haemorrhage).

Children Neonates

Significant intracranial haemorrhage Significant intracranial haemorrhage

- + - +

Royal College of

Physicians (UK, 2004)

Should be considered, providing there is not

haemorrhage in brain imaging

Not otherwise specified

American College of

Chest Physicians (USA, 2008)

Recommended Monitoring at 5-7 days and

suggested if thrombus

propagation is noted

Suggested Monitoring at 5-7 days

and suggested if thrombus

propagation is noted

American Heart Association

Stroke Council (USA, 2008)

Reasonable Reasonable Not appropriate for most newborns but may be

considered individually

British Committee for Standards

in Haematology (UK, 2011)

Should be

anticoagulated

Reasonable to withhold

anticoagulation

Not otherwise specified

American Heart Association/

American Stroke

Association (USA, 2011)

Reasonable Reasonable May be considered Not specifically

addressed

French Society for Paediatric

Neurology/European

Paediatric Neurology

Society (Europe, 2012)

Reasonable Does not change the

recommendations, as

long as the factors

favouring bleeding as

well as cerebral imaging

are rigorously verified

May be considered

individually

Does not change the

recommendations, as

long as the factors

favouring bleeding as

well as cerebral imaging

are rigorously verified
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therapeutic interventions were largely based upon the norms

commonly used for adults. Yet, many questions remain about

their relevance to young children and these protocols will in

all probability be modified in the future.6,29,30

These studies did not mention any significant systemic or

haemorrhagic complications among patients treated with

anticoagulants. However, the presence of an intra-cranial

haemorrhage was a contraindication for anticoagulation in

older studies. As a result, consensus guidelines recommend

anticoagulants to treat CSVT in children, although opinions

differ whether or not there is a pre-treatment significant

parenchymal haemorrhage (see Table 1)1�3,5,6 These discrep-

ancies raise issues for discussion. First, the term “significant”

is not defined. In addition, the most common cause of the

haemorrhage is the venous occlusion itself.

The first European cohort reported six children with a pre-

treatment parenchymal haemorrhage among the 18whowere

treated with anticoagulants during the acute phase. All

survived the initial episode, and none had an expansion of the

haemorrhage (one child with congenital nephrotic syndrome

died after developing a new CSVT during anticoagulation).12

The authors did not report any long-term follow-up of the

five survivors, but they indicated that among the six children

with pre-treatment parenchymal haemorrhage who were not

treated with anticoagulants, one died and three developed

serious sequelae. Another large recent single-centre study

confirmed the frequent use of anticoagulants in the treatment

of CSVT in children (61/79) including cases with intra-cranial

haemorrhage (15/25).21 There were no cases of major

systemic haemorrhage complications or death that could be

linked to anticoagulation. Nevertheless, 3/61 children

(including twowith pre-treatment intra-cranial haemorrhage)

treated with anticoagulants developed major intra-cranial

haemorrhage versus 0/18 who were not treated with
anticoagulants. The risk factors identified for the occurrence

of a major intra-cranial haemorrhage in this study were:

pre-treatment intra-cranial haemorrhage, elevated systemic

blood pressure, thrombocytopenia, supratherapeutic antico-

agulant regimen, and cerebral atrophy. Finally, the most

recent publications (2009-2011) do not use the presence or

absence of parenchymal haemorrhage as a determinant for

the prescription of anticoagulants.18,19,22,25

The proper management of CSVT secondary to cranial

trauma or neurosurgical intervention, situations in which the

risk of haemorrhage is likely to be higher, are not compared in

the literature with thromboses due to medical causes. It must

therefore be evaluated individually.

3.2. Efficacy of anticoagulation (see Table 3)

Table 3 summarizes the effects of anticoagulation in children

in terms of mortality and risk of sequelae. A meta-analysis of

the data showed that mortality was significantly reduced in

children/neonates who received anticoagulation: 7/385 versus

30/301 (1.8% versus 10%; p < 0.0001). A similar trend was also

observed for the risk of sequelae, but the studies did not have

the same duration of follow-up, nor did they use the same

clinical rating scales. Anticoagulation seemed also to predict

thrombus reduction and/or total or partial sinus recanalisa-

tion, both associated with a reduced risk of a new infarct and

an improved clinical outcome.

It is important to note that these results are obtained using

statistical analyses of non-randomised studies, often retro-

spective, and strongly subject to bias. Many confounding

factors such as age, the initial severity of the vascular acci-

dent, the underlying cause and the existence of an intra-

cranial haemorrhage, might influence the use of anti-

coagulation, and these factors independently determine

http://dx.doi.org/10.1016/j.ejpn.2012.02.005
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Table 2 e Complications of anticoagulation in childhood and neonatal CSVT. All studies are observational. The studies from the same geographical areas: de Veber/
Moharir, Heller/Sébire/Kennet, Kersbergen/Berfelo may share common patients. The protocol most frequently used was administration of UFH or LMWH, followed by
treatment with VKA for 3 to 6 months, except for the Italian and the Nederland’s studies in which LMWH therapy was continued for 3 months.

Study Number of patients anticoagulated/total Patients with intra-cranial haemorrhage
anticoagulated/total

Complications of anticoagulation

Children Neonates Total Children Neonates

De Veber, 1998 Toronto 1992-96 ? ? 22/30 (73%) 0a One silent intracranial haemorrhage.

De Veber, 2001 Canada 1992-97 60/91 (66%) 25/69 (36%) 85/160 (53%) ?a “The results of our study suggest that

anticoagulant therapy is not associated with

serious hemorrhage in selected patients.”

Moharir, 2010 Toronto 1992-2005 61/79 (77%) 38/83 (46%) 99/162 (61%) 15/25 (60%) 21/59 (36%) No death or major systemic haemorrhagic

complication. 8% of neonates and 5% of

children had a major intracranial haemorrhage

under anticoagulation vs. 3% of neonates and

no child without treatment. Four minor

intracranial haemorrhages.

Heller, 2003 Germany 1995-2002 ?/109 ?/40 131/149 (88%) ?a No major haemorrhagic complication.

Kenet, 2004 Israel 1996-2003 33/38 (87%) 4/8 (50%) 37/46 (80%) ?a A major intracranial haemorrhage in a neonate.

Sébire, 2005 Europe 1990-2002 18/42 (all >3 weeks; 43%) 6/18 (33%)a None of the six children with a pre-treatment

parenchymal haemorrhage had an expansion

of the haemorrhage.

Kenet, 2007 Europe+Israel

1996-2005

?/321 ?/75 250/396 (63%) 10/33 (30%)a Two major intracranial haemorrhages

(one neonate and one child). One case of

heparin-induced thrombocytopenia.

Barnes, 2004 Melbourne 1995-2001 10/16 (63%) 0 10/16 ? - No haemorrhagic complication reported.

Bonduel, 2006 Argentina 1992-2004 26/38 (68%) 0 26/38 0 - No major haemorrhagic complication reported.

Wasay, 2008 USA 1992-2001 ?/45 ?/25 15/70 (21%) ?a ?

Gentilomo, 2008 Padova 2000-04 4/6 (67%) 2/5 (40%) 6/11 (55%) ?a No haemorrhagic complication reported.

Mallick, 2009 Bristol 1997-2005 21/21 (100%) 0 21/21 1/21 (5%) - No haemorrhagic complication reported.

Vieira, 2010 Portugal 2001-07 36/47 (77%) 0/6 36/53 (68%) ?a ?

Grunt, 2010 Switzerland 2000-10 38/44 (86%) 7/21 (33%) 45/65 (69%) Yes, but details not provided A significant gastrointestinal bleeding in a child

with chronic inflammatory bowel disease.

Tuckuviene, 2011 Denmark 1994-2006 ?/4 ?/36 33/40 (83%) Yes, but details not provided No major haemorrhagic complication reported.

Fitzgerald, 2006 USA 1986-2005 0 3/42 (7%) 3/42 - ? ?

Kersbergen, 2009 Utrecht 2003-08 0 7/10 (70%) 7/10 - 7/10 (70%) Expansion of the intracranial haemorrhage in a

non-anticoagulated neonate. No other

haemorrhagic complication reported.

Berfelo, 2010 Nederland 1999-2009 0 22/52 (42%) 22/52 Yes, but details not provided No haemorrhagic complication reported.

Jordan, 2010 IPSS 2003-07 0 43/81 (53%) 43/81 - 17/38 (45%) No acute complication reported (but the authors

state that they are not certain that they retrieved

all clinical data concerning the patients).

Pergami, 2011 Pittsburgh + West

Virginia 2000-08

0 5/22 (23%) 5/22 - ? Expansion of the intracranial haemorrhage in

two non-anticoagulated neonates vs. none of

the anticoagulated neonates.

Moharir 2011 Toronto 1992-2009 0 53/104 (51%) 53/104 - 29/71 (41%) Major intracranial haemorrhage in 6% of

anticoagulated neonates vs. 3% in

untreated neonates (p¼0.536)

IPSS: International Pediatric Stroke Study.

a Differential analysis between children and neonates not available.
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Table 3 e Benefits of anticoagulation in childhood and neonatal CSVT. All studies are observational. The studies from the same geographical areas: de Veber/Moharir,
Heller/Sébire/Kennet, Kersbergen/Berfelomay share common patients (only the principal series of these groups is thus considered formeta-analysis; see Text). Studies in
which age group is not specified include children and neonates. Recanalisation [ partial or total sinus recanalisation.

Median follow-up (range) Death Sequelae Comments

Anticoagulated Non-anticoagulated p Anticoagulated Non-anticoagulated p

De Veber, 1998 1 year (0.1-3.2 years) 0/22 3/8 (38%) 0.02d Sequelae in 7/21a

De Veber, 2001 1 year (0.1-5.2 years) 12/143 deathsa Sequelae in 54/131a

Moharir, 2010 NA 4/131 deathsa Sequelae in 58/127a Non-anticoagulation predicts

thrombus propagation (p[0.001;

RR[5,2; 95%CI[1.9-14.2).

Propagation was associated with

new venous infarct in 40%

children and 10% neonates and

trend for worse clinical outcome

in children (p¼0.053; OR¼4,3;

95%CI¼1.0-19.4).

Non-anticoagulation predictive of unfavourable (death+sequelae)

outcome in univariate analysis (p[0.015; OR[2.5; 95%CI[1.2-5.3)

but not in multivariate analysis.

Heller, 2003 NA 5/205 deathsa NA Recanalisation in 84% cases at

6 months. No association with

therapy used.

Kenet, 2004

Children

4.1 years

2/38 deathsa Sequelae in 8/36a

Neonates 1/4 (25%) 0/4 NC Sequelae in 2/7a

Sébire, 2005

Children

1 year (0.5-10 years) 1/18 (6%) 4/24 (17%) 0,3d Sequelae in 31/42a Statistical trend for anticoagulation

to predict good cognitive outcome

(p¼0.05; OR¼3.64; 95%CI¼0.98-13.5).

Kenet, 2007 3 years (0-7 years) 1/250 (0.4%) 11/146 (8%) 0.0002d NA Non-anticoagulation (p<0.0001;

HR[11.2; 95%CI[3.4-37) and

non-recanalisation (p[0.005;

HR[5.1; 95%CI[1.6-16.1) predict

recurrent venous thrombosis.

Recurrence occurred only in

children >2 years.

Barnes, 2004

Children

? (0-5 years) 0/10 0/6 NC Sequelae in 6/14a 5/7 children with recanalisation

had favourable outcome vs. 0/3

with persistent occlusion

(p¼0.16#). Cases with favourable

outcome and recanalisation

(n¼5) were all anticoagulated.

Bonduel, 2006

Children

3.8 years (0.3-12 years) 2/38 deathsa Sequelae in 10/30a

Gentilomo, 2007

Children

1.3 years (0.8-5 years)

1/6b (17%) 0/0 NC 1/5b 0/0 NC

4/8 children/neonates treated

with antithrombotic medicationb

had a favourable outcome vs. 0/3

who were not treated (p¼0.23d).

Neonates 2/5 neonates were anticoagulated. All neonates had an unfavourable outcome:

death (n¼2) or sequelae (n¼3)a.

Wasay, 2008 At discharge 1/15 (7%) 7/55 (13%) 0.8d Sequelae in 32/61a

Mallick, 2009

Children

? (0.5-6 years) 2/21 (10%) 0/0 NC 8/19 0/0 NC

(continued on next page)
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Table 3 e (continued )

Median follow-up (range) Death Sequelae Comments

Anticoagulated Non-anticoagulated p Anticoagulated Non-anticoagu ted p

Vieira, 2010

Children

3.5 years

0/36 0/11 NC Sequelae in 23/53a
Anticoagulation does not predict

major sequelae (OR¼0.2; 95

CI%¼0.05-1.5; p¼0.25) or

recanalisation (OR¼0.2; 95

CI% 0.04-1.3; p¼0.15).

Recanalisation was not associated

with absence of sequelae (OR¼1.5;

95%CI¼0.3-6.9; p¼1).

Neonates 0/0 0/6

Grunt, 2010

Children

>1.5 years

1/44 deatha

Non-anticoagulation predicts unfavo rable outcome (deaths+sequelae) in

univariate analysis (OR 12.6; 95%CI[ .16-136; p[0.03) with a trend in

multivariate analysis (OR¼7.5; 95%CI 0.58-97).Neonates 1/21 deatha

Tuckuviene, 2011

Children

1 year (�90 days) 1/40 deatha Sequelae in 12/23a

Neonates Sequelae in 1/4a

Fitzgerald, 2006

Neonates

2 years (0.2-15 years) 0/3 1/39 (3%) 0.1d 0/1 22/28 0,5d

Kersbergen, 2009

Neonates

1.3 years (0.5-5 years) 0/7 1/3 (33%) 0.3d NA

Berfelo, 2010

Neonates

26>9 months 13<9 months 2/22 (9%) 8/30 (27%) 0.2d Sequelae in 19/39a

Jordan, 2010

Neonates

At discharge 2/73 deatha Sequelae in 24/71a Anticoagulation does not predict

unfavourable outcome (OR 1.16;

95%CI¼0.5-2.7) or death (OR 0.67;

95%CI¼0.2-2.9).

Moharir, 2011

Neonates

2.5 years (0.5-15 years) 0/53 5/51 (10%) 0.06d Sequelae in 50/85a Anticoagulation does not predict

unfavourable outcome on univariable

testing.

Pergami, 2011

Neonates

30 days (imaging follow-up) 0/5 0/17 NC NA 9/18 neonatesc not treated with

anticoagulants worsened on imaging

control vs. 0/5 of those who were

treated (p¼0.13d).

OR: odds ratio; HR: hazard ratio; CI: confidence interval; NA: not available; NC: not calculable. Bold type refers to significant results.

a Analysis of outcome according to treatment not available.

b Antithrombotic medication ¼ anticoagulants or aspirin in this study.

c One patient belongs to both groups as he was not treated by anticoagulant medication initially, but after clot progression had occurred on imag g control. Other patients were treated on the day of

diagnosis.

d Statistical analysis (Chi-2 test or Fischer’s test as appropriate) performed retrospectively from the data of the paper.
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clinical outcomes.8,11e13,16,18 For example, anticoagulation is

less frequently used in neonates (see Table 2) and this group of

patients has a less favourable clinical outcome. In the Swiss

Neuropaediatric Stroke Registry, which to date includes 21

neonates among 65 children with CSVT, the two principal

determinants of unfavourable outcome (death and sequelae)

were neonatal age, and the absence of anticoagulation

(OR ¼ 43.2 and OR ¼ 12.6; univariate analysis). The tendency

persists (OR ¼ 17.8; 95%CI: 0.85e373.4 and OR ¼ 7.5; 95%CI:

0.58e97.1) in multivariate analysis, which suggests that these

two factors act independently.19

Despite these methodological drawbacks, numerous

reasons such as the pathophysiological rationale, the simi-

larity of the results obtained from the various studies, the

consistency of the findings with those for adult patients, and

the general safety of anticoagulant drugs, argue for the

benefits of anticoagulation during the acute phase of CSVT in

children.

3.3. Duration of anticoagulation

This issue is specifically addressed by the second European

multicentre study, which followed-up 396 patients for

a median duration of 36 months. The objective of the study

was to evaluate the risk of recurrence in children following an

initial CSVT.15 The main conclusions were:

- Recurrent thrombosis occurred in 22 children, amongwhom

13 had a new CSVT, and the nine others had a deep venous

thrombosis in the limbs or an intracardiac thrombosis and/

or a pulmonary embolus. In 16 children, the new thrombotic

episode occurred when they had not received or had

stopped anticoagulation. Two of these children died. The

absence or withdrawal of anticoagulation was thus a major

risk factor for recurrence in this study (HR ¼ 11.2; 95%CI:

3.4e37; p < 0.0001). Furthermore, among the six children

who had recurrence while under treatment, three had a low

anti-Xa activity and one child developed heparin-induced

thrombocytopenia.

- 45% of the recurrences occurred within 3 months of the

initial episode and 66% occurred within 6 months.

- All of the children who had recurrences were aged over 2

years at the time of the first episode.

- 17/22 children with recurrences had a chronic illness or

a relapse which predisposed them to thrombosis (leukemia/

lymphoma [n ¼ 7], nephrotic syndrome [n ¼ 2], or infectious

disease [n ¼ 3]). Two adolescents were taking oral contra-

ception. Thus, only three of the 22 patients had recurrence

without any identified risk factor. The absence of anti-

coagulation treatment in at-risk situations (dehydration,

relapse of leukemia or nephrotic syndrome, immobilisation)

was a major risk factor for the recurrence of venous

thrombosis in this study whether or not the first episode

was idiopathic ( p < 0.0001).

- Recurrence of thrombosis was more frequent among chil-

dren in whom there was no sinus recanalisation 3e6

months after the first episode of CSVT than among children

inwhom therewas partial or total recanalisation ( p¼ 0.005).

- In a multivariate analysis, the only biological risk factor

associated with an increased risk of recurrence was the
heterozygosity for the F2 G20210A mutation. Nevertheless,

considering the rarity of constitutional deficiencies of

inhibitors of coagulation, we can only infer that other

thrombophilias also probably affect the risk of recurrence.

This large multicentre study (which to date has the

largest number of children included in a follow-up) indicates

that there are two distinct groups with different clinical

outcomes.15 The group at high risk of recurrence consists of

children aged older than 2 years, with a chronic thrombo-

genic pathology and in whom the venous sinus is not

recanalised after 6 months, and especially those carrying

the F2 mutation (and probably of another thrombophilia).

This group should be given a prolonged anticoagulation as

long as a prothrombotic state is present and a prophylactic

treatment if another risk factor arises (e.g. immobilisation,

dehydration).

In contrast, the risk of spontaneous recurrence after 6

months is much lower in neonates and young children, in

children in whom the thrombosis is directly related to an

acute illness (e.g. mastoiditis, meningitis), in children with no

evidence of thombophilia, and who show sinus recanalisa-

tion at 3e6 months, even partial. The risk of recurrence

however persists in the long term whenever another risk

factor applies, especially in children who had an idiopathic

thrombosis.15

Half of the recurrences in the whole population take place

within 3 months, and two-thirds within 6 months, after the

initial accident. This 3e6-month period has been proposed as

the standard duration of anticoagulation in most studies.

However, the duration of treatment should be adapted to each

situation (notably whether the identified risk factor has or not

resolved or been removed), as has been recommended for

adultswith CSVT,4,5 or for childrenwith deep systemic venous

thrombosis.6
4. CSVT in neonates

This group differs (and thus should be considered separately)

from that of older patients due to the very unique and non-

recurring circumstances of birth and associated obstetrical

conditions, and in term of outcome. Furthermore, the

management of anticoagulation is more difficult in neonates.

These several concerns explain the variability of therapeutic

practice around the world and across guidelines (see Tables

1e3). For example, a recent and large study revealed that

neonates in the United States were significantly less likely to

receive antithrombotic treatment (25%) than neonates from

other countries (68%; p ¼ 0.001).20

4.1. Safety of anticoagulation (see Table 2)

The Canadian multicentre cohort included 69 neonates,

amongwhom 25 (36%) were treated with heparin, mostly with

LMWH.8 24 of the 69 neonates (35%) had a parenchymal hae-

morrhage at diagnosis and were not started on anticoagu-

lants. The 25 neonates given anticoagulants did not have any

significant haemorrhagic complications. Additional data from

the same group were published in 2011, with 53/104 neonates

http://dx.doi.org/10.1016/j.ejpn.2012.02.005
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treated with heparin, either at diagnosis (n ¼ 41) or once

thrombosis propagation was documented (n ¼ 12)27. Among

those who were treated, 29 had a pre-treatment intra-cranial

haemorrhage. Interestingly anticoagulation did not signifi-

cantly modify the risk of new or increased haemorrhage,

which was documented in 5.6% treated neonates versus 3%

untreated neonates. Similar to older children, all three

patients with major anticoagulation-related intra-cranial

haemorrhage had risk factor(s): pre-treatment intra-cranial

haemorrhage (n ¼ 3) and supratherapeutic heparin regimen

(n ¼ 1).

These data have been updated in a large multicentre series

(n ¼ 84) by the International Pediatric Stroke Study group.20 Most

of the neonates, including those with an intra-cranial hae-

morrhage were treated with anticoagulants. The authors did

not report any subsequent haemorrhagic complications.

Nevertheless, considering the number of centres involved in

the study and the absence of any preset follow-up guidelines,

the authors state that they are not certain that they retrieved

all clinical data concerning the patients.

However, this issue has been analysed in a small retro-

spective single-centre study in the Netherlands of 10

neonates with a thalamic haemorrhage secondary to occlu-

sion of the straight sinus.17 Seven were treated on the day of

diagnosis by LMWH twice daily for a period of 3 months.

Therapy was started with 150e200 U/kg dalteparin per day

and the dose adjusted based on anti-Xa levels (target: 0.5e1.0

U/mL). Although the absence of controls and the small

numbers of children do not allow any firm conclusions to be

drawn about the efficacy of the treatment, the study showed

that anticoagulation was well tolerated by all neonates,

without any haemorrhagic complications. Indeed, the only

neonate in which bleeding increased was not treated with

anticoagulants. A multicentre study from the same group

gave further data: 15/42 additional neonates were treated

with anticoagulants (through a similar protocol) without any

haemorrhagic complications.24 In another study, two

neonates treated with hydration only had expansion of intra-

cranial haemorrhage versus none of those who were treated

by anticoagulants.27

4.2. Efficacy of anticoagulation (see Table 3)

A meta-analysis of specific neonatal data showed mortality

in 3/87 neonates treated with anticoagulants versus 14/147

neonates who did not receive anticoagulants (3.4% versus

9.5%; p ¼ 0.14). This is consistent with the findings of the

International Pediatric Stroke Study, which gathered data for

some of the neonates in previous studies and concluded

that: “antithrombotic treatment did not predict poor outcome or

death.”20

Most recent studies agree that the lack of anticoagulation

might be detrimental in term of cerebral imaging outcome

(recurrence or expansion of intra-cranial haemorrhage or

venous infarct, propagation of the clot, reduced rate of

recanalisation).17,26,27 Nevertheless, the studies failed to

correlate these imaging features with clinical outcome.22,26

In summary, although some individual data suggest the

benefit of anticoagulation treatment in neonates with

CSVT,15,19 it is currently impossible from the literature to draw
firm conclusions given the small reported number of neonates

who have been treated.
4.3. Duration of anticoagulation

In the first Toronto single-centre study, sinus recanalisation

was rapid in the neonates: 50% between 6 weeks and 3

months, 65% at 6 months, and 75% at one year.2,21 Without

treatment, the thrombus spread in 10/40 (25%) neonates in the

first 7 days versus in only 1/28 neonates receiving anticoagu-

lants ( p ¼ 0.04). This extension remained asymptomatic in all

cases, but was associated in one case with a new infarct.

Additional data from the same group published in 2011

confirmed that the maximum extent of recanalisation is

documented in nearly 90% of neonates by 3 months after the

initial diagnosis.26 In the same way, all surviving neonates in

a Dutch study (n ¼ 24) had a systematic MRI at 3 months,

showing sinus recanalisation in all.31 The European cohort

also showed that no neonate had a recurrence over a median

duration of 36 months.15

Sinus recanalisation is thus probably faster in neonates

than in children and the long-term risk of recurrence is much

lower. Furthermore, CSVT in neonates is very often due to

acute obstetric causes without underlying systemic

pathology. If anticoagulation is chosen, it should be given for

a short duration of 6e12 weeks.
5. Conclusions and recommendations

Anticoagulation is widely used in children with a CSVT and

to a lesser extent in neonates. If well managed, this treat-

ment is not accompanied in most children by significant

cerebral or systemic haemorrhagic complications (Class I,

level of evidence B). In neonates, anticoagulation is also

probably well tolerated (Class IIa, level of evidence B). The

use of anticoagulants in situations carrying the risk of

accidental haemorrhage (trauma, surgery) needs to be

evaluated on an individual case-by-case basis. The particular

situation of a pre-treatment intra-cranial haemorrhage

does not change these recommendations, as long as the

factors favouring bleeding (elevated systemic blood pressure,

thrombocytopenia, supratherapeutic anticoagulant regimen)

as well as cerebral imaging are rigorously verified

(Class I, level of evidence B).

During the acute phase of CSVT in children, anti-

coagulation is probably effective in reducing the risk of

death and sequelae (Class IIa, level of evidence B). It is not

yet possible to draw any conclusions regarding neonates

(Class IIb). Anticoagulation is also effective in reducing the

risk of recurrence of CSVT (Class I, level of evidence B). The

average duration of treatment in children is usually 3e6

months, and shorter in neonates. As the risk of recurrence is

dependent on many factors (such as the age of the child, the

cause of the thrombosis, the persistence or the recurrence

of local or systemic thrombogenic factors or the speed

of sinus recanalisation), the duration of anticoagulation

needs therefore to be individually tailored (Class I, level of

evidence B).
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The current literature does not contain data comparing the

safety/efficacy of a specific anticoagulant agent to another in

paediatric CSVT. In adults, the recommendations in the acute

phase is for the use of body-weight-adjusted dose of LMWH.4,5

The activity of anti-Xa is measured only in cases of extreme

weight or renal insufficiency. The comparison of different

anticoagulant regimens have nevertheless been addressed in

children with non-cerebral venous thrombosis.6 There is no

evidence that LMWH results in inferior outcomes compared

with UFH or VKA. There is moreover a trend towards the

increasing use of LMWHwith a corresponding reduction in the

use of other anticoagulants. UFH is preferred in precarious

clinical situations due to the more rapid reversibility, and

possibility of antagonizing its anticoagulant action. VKA

therapy is given after the acute phase. In neonates and young

children, experience also shows that it is difficult to obtain

a satisfactory level of anticoagulation with UFH and then to

stabilize with VKA. The use of LMWH is easier, also over the

long-term.

Overall, the similarities of the results obtain from the

various studies, the pathophysiological rationale, and the

consistency of the findings with those for adult patients have

led to the following recommendations:

- In the absence of any contraindication, it is reasonable to

initiate anticoagulation during the acute phase of CSVT in

children. Prolonging treatment over 3e6 months is justified

according to numerous individual factors.

- In the absence of any contraindication, anticoagulationmay

be considered individually during the acute phase of CSVT

in neonates for a duration of 6e12 weeks.
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