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Abstract
Background:Cerebral sinus venous thrombosis (CSVT) is a rare but serious complication of child-

hood acute lymphoblastic leukemia (ALL) therapy. No available consensus exists regarding its risk

factors and appropriate management due to the rarity of cases.

Procedures:Out of 209 ALL patients aged 1–21 years treated at the Children’s Cancer Center of

Lebanon between May 2002 and May 2015, 13 developed CSVT during therapy. Patient charac-

teristics, clinical management, and outcomes were studied.

Results: The incidence of CSVT was 6.2% (95% confidence interval [CI]: 3.4–10.4). Using univari-

ate analysis, increased risk of CSVT was observed with age >10 years (odds ratio [OR]: 3.56, 95%

CI: 1.13–11.2), T-cell immunophenotype (OR: 4.14, 95% CI: 1.16–14.7), and intermediate/high

risk disease (OR: 3.4, 95% CI: 1.03–11.7). The only statistically significant risk factor by multi-

variate analysis was the treatment as per the intermediate-/high-risk protocol (HR: 15.6, 95% CI:

1.43–171.3). Most cases (77%) occurred in the postinduction phases of treatment while receiving

a combination of asparaginase and dexamethasone rather than prednisone. Treatment with low

molecular weight heparin (LMWH) for a minimum of 3 months and until significant radiological

improvement is observed resulted in 100% survival rate. All but one patient had complete neuro-

logical recovery.

Conclusions: CSVT is an important complication of childhood ALL therapy. Postinduction com-

bined asparaginase and dexamethasone intensive treatment for intermediate-/high-risk patients

was the most important risk factor. Treatment with LMWH for a minimum of 3 months, and

until asparginase therapy is over, with major radiological improvement seems to be effective and

feasible.
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1 INTRODUCTION

Thrombosis is a potential complication during the treatment course of

childhood acute lymphoblastic leukemia (ALL) with varying reported

incidence of 1–37% in different patient populations and treatment

protocols.1 The effect of thrombosis on outcome is not limited to its

Abbreviations: 6-MP, 6-mercaptopurine; ALL, acute lymphoblastic leukemia; ASP,

asparaginase; AT, antithrombin; CI, confidence interval; CSVT, cerebral sinus venous

thrombosis; CT, computed tomography; EFS, event-free survival; ICH, intracranial

hemorrhage; IM, intramuscularly; LMWH, lowmolecular weight heparin; NOPHO, Nordic

Society of Pediatric Hematology andOncology; OS, overall survival

own complications but extends to its possible negative impact on ALL

treatment.2 Cerebral sinus venous thrombosis (CSVT) is one of the

most risky sites of involvement due to a considerable mortality rate

of 8–13% and possible long-term neurological sequelae.3 There is no

strong evidence behind our current clinical practice due to the rarity of

cases and the difficulty to implement prospective studies. Many previ-

ous studies have tried to define high-risk groups and to suggest pro-

phylaxis and treatment strategies without consistent results. In this

manuscript, we report our single-institution clinical experience with

diagnosis, management, and outcome of CSVT as a complication of

childhood ALL treatment over a period of 13 years.
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2 METHODS

With retrospective chart review, we identified children and adoles-

cents aged 1–21 years who had CSVT during ALL treatment at the

Children’s Cancer Center of Lebanon between May 2002 and May

2015. We collected relevant information of patient characteristics,

treatment regimen, and clinical outcome and compared the results

with individuals who did not develop CSVT during the same period.

CSVT management is described with its impact on the ALL treatment

protocol. We excluded from the analysis five patients with thrombo-

sis in sites other than cerebral sinus venous system; all of them had

symptomatic central venous line thrombosis. Our Institutional Review

Board approved this study.

2.1 ALL treatment protocol

Our treatment protocol was adopted from the St. Jude Total XV ther-

apy with minor modifications.4,5 Induction phase of 6 weeks was the

same for all patients and consisted of oral prednisone 40 mg/m2/day

for 28 days, L-asparaginase (ASP) (Kidrolase R©; EUSA Pharma, France)

10,000 units/m2/dose intramuscularly (IM) for six doses during the

first 2 weeks; daunorubicin 25 mg/m2 on days 1 and 8; vincristine

2 mg/m2 on days 1, 8, 15, and 22; cyclophosphamide 1,000 mg/m2

IV drip once on day 22; 6-mercaptopurine (6-MP) 60 mg/m2 orally

once daily; and cytarabine 75 mg/m2 IV push for eight doses dur-

ing the fourth and fifth week. After induction, patients were strati-

fied into three risk groups (low, intermediate, and high) and two pro-

tocol arms (low risk and intermediate/high risk). The consolidation

phase of 8 weeks consisted of a 24-hr IV infusion of methotrexate at

a dose of 2.5 g/m2 for low-risk patients and 5 g/m2 for intermediate-

/high-risk individuals every 2weeks for four doses in combinationwith

6-MP 50 mg/m2 orally once daily. The continuation phase consisted

of 120 weeks for females and 146 weeks for males. A more inten-

sive therapy termed “reinduction”was given for both risk groups. Rein-

duction I and II phases last for 3 weeks each and occur at weeks

7–9 and 17–19, respectively, during continuation therapy. Low-risk

patients received nine doses of IM ASP at 10,000 units/m2/dose in

combination with dexamethasone 8 mg/m2/day for 2 weeks in each

reinduction phase. Intermediate-/high-risk patients received an inten-

sive once weekly IM ASP treatment of 25,000 units/m2/dose for the

first 20 weeks of continuation in combination with once monthly dex-

amethasone pulses of 12 mg/m2/day over 5 days. During reinduc-

tion phases (weeks 7–9 and 17–19), intermediate-/high-risk patients

receive twice-monthly dexamethasone pulses at the same dose over

7 days. In case of allergy to Escherichia coli (E. coli) ASP, Erwinia-

derived ASP was used at a dose of 20,000 units/m2 instead of every

10,000 units/m2 of E. coli ASP and 30,000 units/m2/dose twice weekly

instead of every once weekly 25,000 units/m2 of E. coli ASP. In case

of allergy to both products, we use pegylated ASP at a dose of 2,500

units/m2 once every other week. Low-risk patients are those aged 1–

9.9 years with precursor B-cell ALL and presenting white blood count

of less than 50,000/𝜇l, DNA index of ≥ 1.16 or t (12, 21). Low-risk

patients must not have extramedullary disease, t(1, 19), or mixed-

lineage leukemia (MLL) rearrangement. High-risk patients are those

with t (9, 22) or failure of induction (>1% of leukemic lymphoblasts

at remission date). Intermediate-risk patients are all T-cell patients

and precursor B-cell patients that do not meet the low-risk criteria.

The first 20 weeks of therapy are demonstrated in Supplementary

Figure S1.

2.2 CSVT treatment

The standardCSVT therapy in our institution consists of lowmolecular

weight heparin (LMWH). Enoxaparin is our drug of choice at an initial

dose of 1 mg/kg subcutaneously twice daily. Anti-Xa activity is moni-

tored for all patients with a target therapeutic range between 0.5 and

1 IU/ml. Therapy is stopped after a minimum of 3 months if complete

resolution or significant improvement of the filling defect is observed

by computed tomography (CT) or magnetic resonance imaging. The

total duration of LMWH treatment was left to the discretion of the

primary physician. While receiving enoxaparin, prophylactic platelets

transfusion is given for platelet count less than 50,000/𝜇l. The treat-

ment is stopped for 24 hr before and6hr after procedures,mainly lum-

bar puncture.

2.3 CSVT prophylaxis

For primary prophylaxis, we did not use anticoagulation therapy.

Antithrombin replacementwas not used for lowAT levels. Fresh frozen

plasma transfusions were not provided in case of low fibrinogen level.

For secondary prophylaxis after completion of CSVT therapy, a once

daily dose of 1 mg/kg/day of LMWHwas given at least until ASP treat-

ment is completed. The duration of secondary anticoagulation prophy-

laxis was left to the discretion of the primary physician.

2.4 Thrombophilia screening

Patients with CSVT were screened for inherited thrombophilia. The

tests included factor V Leiden (G1691A), factor V (H1299R), MTHFR

(C677T),MTHFR (A1298C), and factor II (G20210A). These tests were

done using Strip Assay (Reverse Hybridization-SSOP). Protein C, pro-

tein S, lipoprotein (a), fibrinogen, antithrombin (AT) activity, and lupus

antibodieswere also performedat the timeofCSVT.Other coagulation

studies were not done. No screening for inherited thrombophilia was

performed for patients without CSVT. Family history of deep venous

thrombosis in relatives was not obtained.

2.5 Statistical analysis

Overall survival (OS) was calculated from the date of diagnosis until

death due to any cause. Event-free survival (EFS) was defined as the

time from the first complete remission until the first relapse or death

due to any cause. OS and EFS analysis was done using the Kaplan–

Meyer method. Logistic analysis was used for univariate analysis. Cox

proportional regression model was used for multivariate analysis. A

P-value of less than 0.05 was considered significant. The analysis was

conducted using SPSS forWindows (version 20).
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TABLE 1 Clinical features of all patients with andwithout CSVT

Variables Non-CSVT, N= 196 CSVT, N= 13 P

Age* (years) <10 158 (80.6) 7 (53.8) 0.05

≥10 38 (19.4) 6 (46.2)

Age* (years) Median 6.4 10.6 <0.01

(range) (1.2–17.5) (3–19.5)

Gender Female 89 (45.4) 3 (23.1) 0.2

Male 107 (54.6) 10 (76.9)

WBC >100× 109/l 177 (90.3) 11 (84.6) 0.49

<100× 109/l 19 (9.7) 2 (15.4)

Leukemia type B 177 (90.3) 9 (69.2) 0.05

T 19 (9.7) 4 (31.8)

Leukemia risk Low 119 (60.7) 4 (30.8) 0.06

Intermediate/high 77 (39.3) 9 (69.2)

CNS Leukemia Negative 189 (96.4) 12 (92.3) 0.99

Positive 7 (3.6) 1 (7.7)

Blood group Non-O 123 (62.7) 8 (61.5) 1

O 73 (38.3) 5 (38.5)

Positive CNS leukemia is defined as>5 leukocytes/𝜇l with blast cells in a sample with<10 erythrocytes/𝜇l.
WBC, white blood cell; CNS, central nervous system.
*Patient’s age at diagnosis.

3 RESULTS

3.1 Patient characteristics

A total of 13 patients with CSVT were identified out of 209 patients

(6.2%, 95% CI: 3.4–10.4) treated for childhood ALL during the above-

mentioned period. Clinical features of all patients are summarized in

Table 1.

3.2 Risk factors

With univariate analysis, age >10 years (OR: 3.56, 95% CI: 1.13–11.2,

P = 0.03), T-cell immunophenotype (OR: 4.14, 95% CI: 1.16–14.7, P =
0.02) and intermediate-/high-risk disease (OR: 3.4, 95%CI: 1.03–11.7,

P = 0.04) were associated with increased risk of CSVT. Non-O blood

group was not a risk factor for CSVT in our cohort (OR: 0.95, 95% CI:

0.29–3.01, P = 0.93). Within the intermediate-/high-risk cohort, T-cell

immunophenotype (OR: 2.32, 95% CI: 0.55–9.69, P = 0.24) and age

>10 years (OR: 1.42, 95%CI: 0.34–5.83, P= 0.62) were not associated

with significantly higher CSVT risk. With multivariate analysis using

Cox regression model considering age at diagnosis, immunopheno-

type, and disease risk as variables, treatment as per the intermediate-

/high-risk disease arm was the only statistically significant risk factor

(HR: 15.6, 95%CI: 1.43–171.3, P= 0.02). Detailed results are shown in

Table 2.

3.3 Symptoms and signs

All but twopatientswere symptomatic. Seizurewas the clinical presen-

tation in eight patients and headache was the main complaint in three

TABLE 2 CSVT risk factors using univariate and multivariate
analysis

Univariate logistic analysis for thewhole cohort

Variables OR 95%CI P

Age* > 10 years 3.56 1.13–11.2 0.03

Gender (male) 2.77 0.74–10.4 0.13

WBC> 100× 109/l 2.68 0.53–13.5 0.23

T immunophenotype 4.14 1.16–14.7 0.02

Intermediate/high risk 3.40 1.03–11.7 0.04

CNS leukemia 2.25 0.25–19.8 0.46

Blood group (non-O) 0.95 0.29–3.01 0.93

Univariate logistic analysis in the intermediate-/high-risk group

Variables OR 95%CI P

Age* > 10 years 1.42 0.34–5.83 0.62

T immunophenotype 2.32 0.55–9.69 0.24

Multivariate analysis using Cox regressionmodel for thewhole cohort

Variables HR 95%CI P

Age* > 10 years 0.71 0.18–2.75 0.62

T immunophenotype 0.23 0.03–1.42 0.11

Intermediate/high risk 15.6 1.43–171.3 0.02

Positive CNS leukemia is defined as >5 leukocytes/𝜇l with blast cells in a
sample with<10 erythrocytes/𝜇l.
WBC, white blood cell; CNS, central nervous system.
*Patient’s age at diagnosis.

patients. The two asymptomatic patients were diagnosed with CSVT

during workup of febrile neutropenia where CT sinuses revealed the

thrombosis incidentally.
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3.4 Diagnostic imaging

For all patients, CT scan of the brain with venography phase was the

initial study of choice. The initial location of CSVT was superior sagit-

tal sinus for nine patients, right transverse sinus for three patients,

and cortical veins for one. Cerebral infarcts were observed in three

patients and minor intracranial bleeding was present in four patients

before initiating anticoagulation. One large intraparenchymal hemor-

rhage occurred at diagnosis of one patient with large extensive supe-

rior sagittal thrombosis. No secondary hemorrhagewas observed after

treatment.

3.5 Treatment phase

Only three patients (one with low risk and two with intermediate/high

risk) had CSVT during remission induction at days 11, 13, and 21.Most

cases (N=10) occurredduring thepostinductionphasesof chemother-

apy. Themedian interval between the initiation of treatment phase and

CSVT was 53.5 days for continuation therapy (range: 16–91 days) in

intermediate-/high-risk patients (N = 7). Three low-risk patients had

CSVT during reinduction II (weeks 17–19 of continuation) at days 5,

10, and 20.

3.6 L-Asparaginase and steroids

All patients developed CSVT while receiving combined ASP and

steroids therapy. Native E. coli ASP (Kidrolase R©; EUSA Pharma,

France) was the most commonly used product (N = 194/209, 12 of

these developed CSVT). One out of two patients who received pegy-

lated ASP as the predominant ASP product developed CSVT. None of

the 13 patients who received Erwinia-derived ASP as the predomi-

nant ASP product developed CSVT. The median cumulative dose of

ASP inCSVTpatients during the treatment phasewas 56,600 units/m2

(range: 50,00–60,000 units/m2) for induction, 193,750 units/m2

(range: 75,000–325,000 units/m2) for continuation in intermediate-

/high-risk patients, and 76,666 units/m2 for reinduction in low-risk

patients (range: 50,000–90,000units/m2).MostCSVTeventsoccurred

while receiving combined ASP and dexamethasone (N = 10) treat-

ment. Only three episodes occurred during ASP and prednisone

combination therapy.

3.7 Impact on ALL treatment protocol

Eight patients (61%) had modifications of their ALL therapy after the

diagnosis of CSVT. ASP was omitted from the whole treatment in one

patient who had a life-threatening superior sagittal sinus thrombosis

that was complicated by a large intracranial hemorrhage (ICH) and

required two craniotomies. Five other patients missed at least one

ASP dose (range: 1–3 doses) and one patient had a 6-day delay in ASP

schedule until the CSVT was deemed to be stable while on anticoagu-

lation treatment. Steroids schedule was also affected as five patients

missed at least 2 days of steroids (median: 7.4 days, range: 2–14 days).

TABLE 3 Findings of thrombophilia screening of CSVT patients

Inherited thrombophilia
Heterozygous
N (%)

Homozygous
N (%)

A. Factor V Leiden (G1691A) 3 (23) 0

B. Factor V (H1299R) 1 (7) 0

C. MTHFR (C677T) 6 (46) 0

D. MTHFR (A1298C) 1 (7) 1 (7)

E. Factor II (G20210A) 1 (7)

A+C 2 (15)

A+D 1 (7)

B+D 1 (7)

3.8 Thrombophilia screening and coagulopathy

studies

The results of the genetic defects screening are shown in Table 3.

Noneof thefiveevaluatedpatients had lupus antibodies. Eight patients

(61%) haddecreasedATactivity at the timeofCSVTdiagnosis (median:

48.3%, range: 19–79%, reference: 83–128%). AT activitywas repeated

in one patient after the end of ASP treatment and it normalized. Pro-

tein S activity was tested in nine patients at time of CSVT and was

decreased in five (median: 36%, range: 12–57%, reference: 65–140%).

The test was repeated in two patients after the end of ASP therapy

and it normalized. Protein C activitywas decreased in four of 13 tested

patients (median: 55%, range: 34–67%, reference: 69–134%). None of

the three evaluated patients for lipoprotein (a) had elevated levels. Fib-

rinogen levelwas low (less than 1.7 g/l) in nine patients (69%). The level

was less than 1 g/l in five patients. Five out of nine patients with low

fibrinogen levels had CSVT-associated ICH at diagnosis of CSVT (four

minor and onemajor). None of the patients with normal fibrinogen lev-

els had ICHat timeofCSVTdiagnosis. Nopatient developed secondary

bleeding while being treated with LMWH for CSVT.

3.9 CSVT treatment initiation and duration

Anticoagulation therapy was started immediately after CSVT diagno-

sis, even when associated with minor bleeding. The treatment was

delayed for 3 days in one patient with severe sagittal sinus thrombosis

that was complicated by a large intracranial bleeding, which required

an immediate hematoma evacuation. Themedian duration of anticoag-

ulation treatment was 4months (range: 3–8months).

3.10 Outcome

There were no mortalities secondary to CSVT in our cohort. Follow-

up radiological assessment was performed for all patients using CT or

MR venography (according to feasibility) at 3 months’ intervals. Com-

plete radiological resolution of CSVTwas observed in 10 of 13 patients

at 3 months from anticoagulation initiation. Three patients had major

radiological improvement at 3months. Sevenpatients received LMWH

for more than 3 months, either due to the residual filling defect or if

they were due to receive more ASP treatment. No recurrent CSVT

was observed. By neurological exam upon subsequent clinic visits, all

patients except one had complete neurological recovery. One patient

with extensive superior sagittal thrombosis had moderate unilateral
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weakness and educational difficulties 18 months after his CSVT. The

5-year overall (CSVT 100% vs. non-CSVT 91.5%, log-rank P = 0.31)

and event-free survival (CSVT 100% vs. non-CSVT 87.6%, log-rank P=
0.21) were not statistically different between patients who developed

CSVT and others.

4 DISCUSSION

The incidence of CSVT (6.2%, 95% CI: 3.4–10.4) during the treatment

of childhood ALL in our cohort is higher than what was reported in

the literature. There was an alarmingly high frequency of CSVT in

patients in the intermediate-/high-risk group (9/86; 10%) inour cohort.

Almost 14% of patients over 10 years and 17% of patients with T-cell

immunophenotype had CSVT.

A large meta-analysis of 17 prospective studies comprising 1,752

pediatric patients reported a global rate of 2.9% (95% CI: 2.2–3.8)2

while two recent studies from the United Kingdom and the Nordic

Society of Pediatric Hematology and Oncology (NOPHO) reported an

incidenceof 1.4 and1.9%, respectively.3,6 Webelieve that thehigh inci-

dence in our cohort is due to combined treatment- and patient-related

factors. The most important factor is the relatively intensive therapy

that includes prolonged exposure to large doses of ASP in combination

with steroids, especially for intermediate-/high-risk patients. The high

prevalence of inherited thrombophilia in our population might have

contributed to thehigh incidenceofCSVT inourpediatricALLpatients.

In Lebanon, factorV Leiden carrier rate is 14.4%7 compared to 3–8% in

Europe and the United States.8 Prothrombin G20210A carrier rate in

Lebanon is 3%, which is similar to the prevalence in Europe but higher

than the prevalence in the United States.9 The incidence of these two

prothrombotic genetic defects in ourCSVTpatients is 30% (four of 13),

which is higher than the incidence in the NOPHO cohort (13%, two of

15).3 Due to our small sample size and the lack of data on non-CSVT

patients, this interpretation should be considered with caution. The

multifactorial etiology of thrombosis during ALL treatment has been

confirmed by the German group. In their analysis, the combination of

ASP and steroids in the presence of another prothrombotic factor, like

inherited thrombophilia, was significantly associated with thrombosis

(OR: 34.5; 95%CI: 4.39–271.42; P= 0.0008).2

Unlike other studies that reported a higher incidence of thrombo-

sis during the induction phase of treatment,2 most of our CSVT cases

occurred during early continuation and reinduction. In addition, dex-

amethasone was the predominantly used steroid at CSVT diagnosis in

our cohort, in contrast to what was previously described.10 This might

be explained by the lower prednisone dose in our protocol as com-

pared to the BFM protocols reported by Nowak-Gottl et al.10 during

induction (40mg/m2/dayvs. 60mg/m2/day) and thehigherdexametha-

sone dose in our protocol during early continuation and reinduction

(12 mg/m2/day vs. 10 mg/m2/day). The duration of combined ASP and

steroids treatment was shorter during induction compared to postin-

duction phases (2 weeks for induction vs. 3 weeks for each reinduc-

tion during continuation in low-risk patients and 20weeks during con-

tinuation for intermediate-/high-risk patients), which could contribute

to this discrepancy. The concomitant use of ASP and dexamethasone

might lead to decreased dexamethasone clearance,11 and as a result, a

more thrombotic effect.

The strong association between CSVT during childhood ALL treat-

ment and older age, T-cell immunophenotype, and a higher risk disease

that is observed in our study had been well described previously.3,6

Other studies linked the same risk factors with nonsite-specific

thrombosis.12,13 This association is most likely due to the more inten-

sive treatment received in these groups.

In contrast to what has been reported regarding nonsite-specific

thrombosis,14 therewas no association betweenABOblood group and

the incidence of CSVT in our cohort.

Due to the concern of progression of thrombosis in the acute set-

ting, 61% of patients in our study had modifications of their treat-

ment after CSVT.Whilemostmodificationswereminor, ASPwas omit-

ted from the whole treatment only in one patient with severe life-

threatening CSVT. Seven out of eight patients (87%) eligible to receive

more ASP were safely reexposed without secondary thrombosis. This

is higher than what was reported by Qureshi et al.15 as only half of

CSVT patients (10/20) in their cohort were reexposed to ASP. This fur-

ther confirms the safety of reexposing ALL patients with CSVT to ASP;

however, it is important to note that all CSVT patients in our study

were treated with therapeutic or prophylactic dosages of LMWH dur-

ing reexposure to ASP. Early discontinuation of ASP might lead to a

higher chance of relapse as a previous report from Dana–Farber Insti-

tution documented a significantly lower 5-year EFS in adult patients

who had to discontinue ASP due to its complications (20% due to

thrombosis) compared to others (72% vs. 90%).16

The practice of screening all children during ALL treatment for heri-

table thrombophilia is not based on solid evidence. Many previous ret-

rospective and prospective trials did not report an obvious impact of

the result of the screening on the treatment of the primary event and

did not conclude any effect on secondary prevention.17–19 Due to the

concernof thehigh incidenceofCSVT in our cohort and thehighpreva-

lence of thrombophilia in our country, we suggest revisiting the role

of thrombophilia screening in regions with high prevalence of throm-

bophilia, using well-designed studies, especially if their treatment pro-

tocol relies on intensive combined ASP and steroids therapy.

Many previous trials had assessed the role of various thrombo-

sis prophylactic strategies during the treatment course of childhood

ALL. The benefit of the use of LMWH for primary prevention of

CSVT during the intensive phases of treatment is limited by dose

interruption for lumbar punctures and the risk of bleeding due to

thrombocytopenia.15,20 Antithrombin replacement might be a reason-

able idea; however, the PARKAA study had failed to prove its efficacy

due to the small sample size.21 We did not use AT concentrates due to

its high cost and the lack of adequate evidence behind its usefulness.

The occurrence of CSVT did not affect relapse-free or overall sur-

vival in our study, probably due to the small sample size and the high

survival rate of CSVT patients. The duration of CSVT treatment in

children with ALL is not widely discussed in the literature. A previ-

ous report had suggested LMWH for 3 months for venous throm-

boembolism in adolescents and young adult oncology patients.22 Our

patients were all treated for at least 3 months and until steroid and

ASP combination therapy is completed on condition that complete
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resolution or significant radiological improvement was observed. This

strategy seems to be effective considering the high survival rate in our

cohort; however, further studies with larger number of patients are

needed for further confirmation.

5 CONCLUSIONS

CSVT is an important complication of childhood ALL therapy. Postin-

duction combined asparaginase and dexamethasone intensive treat-

ment for intermediate-/high-risk patients was the most important risk

factor in our cohort. ABO blood group was not a risk factor for CSVT

as described previously in nonsite-specific thrombosis. Treatmentwith

LMWH for a minimum of 3 months, and until asparginase therapy is

over, with major radiological improvement seems to be effective and

feasible. Reexposure to ASP while receiving anticoagulation was safe.

Further studies are required to confirm these findings.
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