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Abstract

Background.—Pediatric cerebral sinovenous thrombosis (CSVT) is a treatable cause of brain 

injury, acute symptomatic seizures and remote epilepsy. Our objective was to prospectively study 

epilepsy and neurologic outcomes in neonates and children one year after CSVT diagnosis.

Methods.—Patients with CSVT were enrolled prospectively from 21 international sites through 

the Seizures in Pediatric Stroke (SIPS) Study. Clinical data including acute symptomatic seizures 

and CSVT risk factors were collected at diagnosis. A blinded neuroradiologist reviewed acute 

imaging. At one year, outcomes including seizure recurrence, epilepsy diagnosis, anticonvulsant 

use, and modified Engel score were collected. Neurological outcomes were assessed using the 

modified Rankin score (mRS) and the King’s Outcome Scale of Childhood Head Injury 

(KOSCHI).

Results.—Twenty-four participants with CSVT were enrolled (67% male, 21% neonates). 

Headache was the most common presenting symptom in non-neonates (47%, 9/19). Nine (37.5%) 
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presented with acute symptomatic seizures. Six (25%; 95% CI = 10%– 47%) developed epilepsy 

by 1-year follow-up. No clinical predictors associated with epilepsy were identified. KOSCHI and 

mRS scores at 1 year were favorable in 71%. Half of CSVT patients who developed epilepsy (3/6) 

did not have infarcts, hemorrhage, or seizures identified during the acute hospitalization

Conclusion.—Our study provides a prospective estimate that epilepsy occurs in approximately 

one quarter of patients by one year after diagnosis of CSVT. Later epilepsy can develop in the 

absence of acute seizures or parenchymal injury associated with the CSVT.

Keywords

pediatric stroke; cerebral sino-venous thrombosis; outcomes; seizures

Introduction

Cerebral sinovenous thrombosis (CSVT) is an uncommon but serious cause of acute brain 

injury, acute symptomatic seizures and remote epilepsy in children. In the large adult 

International Study on Cerebral Vein and Dural Sinus Thrombosis, nearly 40% experienced 

seizures at or before diagnosis[1]. Seizures are also reported as a common presenting sign in 

pediatric CSVT case series and registry data[2–5], but prospective studies of seizures after 

neonatal and childhood CSVT have been limited and few studies report epilepsy and 

neurologic outcomes beyond discharge.[6] In a retrospective Northern California pediatric 

stroke cohort that included children with arterial ischemic stroke and CSVT, approximately 

one quarter of children with an infarct due to CSVT developed epilepsy by 2 years after 

stroke, and epilepsy incidence rates were similar in patients with arterial or venous infarcts. 

[7]. In prior series, 8–38% of pediatric patients with CSVT have been reported to develop 

epilepsy after variable lengths of follow-up, [2,8,9] suggesting that epilepsy is a frequent 

sequelae. However, prospective, systematically collected data regarding epilepsy frequency 

and severity after pediatric CSVT are lacking.

Our objective was to prospectively study outcomes in neonates and children one year after 

CSVT diagnosis, including epilepsy and standardized scoring of neurologic disability. In this 

descriptive paper we report on epilepsy and developmental outcomes in neonates and 

children who present with acute symptomatic seizures at the time of their CSVT diagnosis.

Methods

The Seizures in Pediatric Stroke (SIPS) Study was a prospective cohort study that enrolled 

term neonates (birth at ≥ 37 weeks gestational age to 28 days of life) and children (29 days 

to 18 years of life) with arterial ischemic stroke or CSVT from 21 international sites 

between June 2011 and December 2012 as previously described[10,11]. All sites obtained 

informed consent from guardians and study approval from local institutional review boards. 

Only participants with CSVT were included in this analysis.

Inclusion criteria for patients with CSVT were (1) term birth through 18 years of age; (2) 

clinical evidence of any transient neurological dysfunction such as headache, seizure, 
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decreased level of consciousness, or focal neurological signs consistent with CSVT; and (3) 

evidence of thrombosis of the cerebral veins or venous sinuses seen on MRI, MRV, or CTV.

Local site investigators abstracted demographics, patient characteristics, clinical 

presentation, and CSVT risk factors from the medical record onto standardized case report 

forms with secure online data entry. CSVT risk factors included the presence of a chronic 

underlying medical disorder, acute systemic illness, dehydration, hypercoagulability and 

family history of thrombosis. Acute symptomatic seizure was defined as a seizure occurring 

at or within 7 days of CSVT diagnosis. Epilepsy was defined as at least one unprovoked 

seizure occurring > 1 month after CSVT in accordance with definitions proposed by the 

International League Against Epilepsy (ILAE) and the International Bureau for Epilepsy.

[12] Local investigators determined acute seizures diagnosed either clinically or 

electrographically on EEG performed for clinical indications, and documented (1) the 

number of acute seizures (single, 2 – 10, or >10 seizures), (2) the duration of the longest 

acute seizure in minutes, (3) whether a patient was seizing on arrival to medical attention, 

and (4) whether rescue medications were required. Imaging data was recorded in pre-

established data forms and collected from clinical reports. When available, clinically 

obtained brain imaging studies (CT or MRI) performed within 14 days of diagnosis were 

collected and reviewed by a single neuroradiologist (MW) to confirm CSVT, and determine 

the presence of ischemic infarcts and intracranial hemorrhage.

At hospital discharge, guardians were given seizure diaries with instructions to document all 

seizures. Longitudinal follow-up data were obtained by review of health records and the 

pediatric stroke recurrence and recovery questionnaires (RRQ),[13] a standardized parental 

questionnaires administered at 3-months and 12-months. Data including recurrence or 

worsening of CSVT after discharge, anticonvulsant use, and number and characteristics of 

remote seizures after hospital discharge were documented. Neurologic examinations were 

performed and epilepsy outcomes assessed at the one-year follow-up. Functional outcome 

was scored using the modified Rankin Score (mRS), a 6-grade (0 – 6) scale that measures 

degree of disability after stroke where 0 = no symptoms, 1 = no disability, 2 = slight 

disability, 3 = moderate disability, 4 = moderately severe disability, 5 = severe disability, and 

6 = death,[14] and the Kings Outcome Scale after Childhood Head Injury (KOSCHI), a 5-

grade (1 – 5) scale that measures outcome following pediatric traumatic brain injury, where 

5 = good recovery, 4 = moderate disability, 3 = severe disability, 2 = vegetative state, and 1 = 

death[15]. Abnormal outcomes were defined as KOSCHI < 5 or mRS > 2.

Epilepsy outcome was classified using the modified Engel score previously used in non-

surgical, pediatric stroke populations.[16,17] Patients were scored as Class 0 if they are 

seizure-free and off antiepileptic medication for at least 6 months, Class 1 if they were 

seizure-free for at least 6 months while on medication or seizure-free for less than 6 months 

off medication, Class 2 if they had less than 1 seizure per month, Class 3 if they had 1 – 4 

seizures per month, Class 4 if they had 5 – 30 seizures per month, and Class 5 if they had 

more than 30 seizures per month.

Summary statistics were used to describe demographics and clinical characteristics. The 

presence of ischemic infarcts and intracranial hemorrhage were analyzed as dichotomous 
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variables and were only included when identified as “definitely present” after review of 

acute brain imaging studies by the study neuroradiologist (MW). Infarcts were further 

classified as single or multiple, and as subcortical only if no infarcts included the cortex. 

Intracranial hemorrhages were further described by location (intraparenchymal and/or 

subarachnoid haemorrhage). Proportions were compared using a two-tailed Fisher exact test. 

Significance was set at p < 0.05

Results

We identified 24 patients with CSVT from a total of 142 with ischemic stroke enrolled in the 

SIPS study[10] (Figure 1). Sixteen (67%) were male and five (21%) were neonates. 

Headache was the most common clinical presentation in non-neonates with CSVT (47%, 

9/19 children). The most common risk factor for childhood CSVT was a chronic disorder, 

identified in 42% (10/24). These included suspected or confirmed genetic syndromes and 

chronic hematologic conditions or malignancies. Baseline demographics and clinical 

characteristics were similar in those patients with compared to those without acute seizures 

(Table 1).

Nine patients (38%, including 2 of five neonates and 7 of 12 older children) presented with 

an acute seizure. Most of the acute symptomatic seizures were clinical (56%) or electro-

clinical (33%). One was electrographic only. All clinical seizures were focal motor in 

semiology. One patient had both focal motor and bilaterally convulsive seizures. Seizures 

were recurrent in the acute period in 7 cases (78%) (Table 2). Three patients were seizing on 

arrival to medical care, and six of nine were treated with a rescue medication to stop acute 

seizures. A prolonged acute symptomatic seizure was recorded in four patients, who had a 

seizure duration ranging from 4 – 20 minutes. All nine patients with acute symptomatic 

seizures were discharged on at least one anticonvulsant. Six (67%) were discharged on more 

than one anticonvulsant.

Twenty-two of the 24 patients with CSVT (92%) had imaging available for central review. 

Of those, five (21%) had CT imaging, 16 (67%) had MR imaging, and one had both CT and 

MR imaging. Acute infarct was definitely present in 5/22 (21%). In the five patients with 

definite infarcts, three (60%) had multifocal infarcts. Two had subcortical infarcts only. Four 

of 22 (18%) patients had hemorrhage; two patients with parenchymal, one with 

subarachnoid, and one patient with both parenchymal and subarachnoid hemorrhage. 

Twenty-one (88%) of the 24 patients were anticoagulated. One patient had extension of 

thrombus documented two days after CSVT diagnosis and prior to initiation of 

anticoagulation.

One-year outcomes are shown in (Table 3). No patients had recurrence or new CSVT after 

hospital discharge. Six patients (25%; 95% CI = 10% - 47%) were diagnosed with epilepsy 

by one year. Patients with and without acute seizures had a similar frequency of epilepsy at 

one year (22% and 27%, respectively, p=0.999). Of the nine patients with acute seizures, 

seven (78%) remained on a maintenance anticonvulsant one year after CSVT diagnosis. Of 

the 15 patients without acute seizure, two (13%) were receiving a maintenance 

anticonvulsant at the one-year follow-up. Patients who presented with acute seizures were 
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more likely to be on an anticonvulsant at one-year follow-up (p = 0.003) than those who did 

not present with acute symptomatic seizures.

Modified Rankin and KOSCHI scores were available for 21 patients (88%). Moderate 

disability was found in 6 of 21 children (29%). The mRS and KOSCHI scores were similar 

in patients with and without acute seizures. No differences were found in mRS or KOSCHI 

scores in those with compared to those without versus without epilepsy (Table 3). No deaths 

were recorded acutely or at follow up.

The six patients with epilepsy at one-year follow up are described in Table 4. Three had 

abnormal neurological outcomes; all three children had Engel score > 0. One patient had had 

seizures in the last 6 months (Engel 1), one had 1 – 4 seizures per month (Engel 3), and one 

had 5 – 30 seizures per month (Engel 4). All three were taking anticonvulsants. Three 

patients had epilepsy but no history of acute symptomatic seizures or infarct or hemorrhage 

identified in the acute period. There was no family history of epilepsy in any of the patients 

with CSVT.

Discussion

In this prospective study of 24 pediatric patients diagnosed with CSVT, a quarter of patients 

were diagnosed with epilepsy by 12-month follow-up. This is consistent with previous 

reported prevalence of epilepsy after CSVT of 8 – 38%.[2,7–9] Previous studies in patients 

with arterial ischemic stroke, demonstrated that those with acute seizures at onset of stroke 

are at higher risk of developing epilepsy[7,18]. Prolonged and recurrent seizures in the acute 

period also predict increased epilepsy risk in pediatric patients with arterial ischemic stroke 

[10]. Studies have also shown that adult patients with CSVT and acute seizures have an 

increase the risk of remote seizures[19]. In a case series of Swiss children, 5 of 13 neonates 

who were followed for at least 18 months after CSVT developed epilepsy; none of the 24 

older children in the study developed epilepsy.[8] Among 37 childhood CSVT survivors 

identified in European stroke registries, three (8%) were identified with epilepsy after a 

median follow-up of 1 year.[2] Despite a 24% overall risk of developing epilepsy, those 

patients in our study with acute seizures did not demonstrate a higher risk of epilepsy. Our 

sample number limited our ability to detect a difference if a small effect size exists. As well, 

many of the patients who did not meet our criteria for epilepsy were maintained on an 

anticonvulsant for the first year after acute seizure, possibly contributing to an underestimate 

of the true rate of epilepsy after pediatric CSVT. At 12-month follow up, over three-quarters 

of patients with an acute seizure were still taking an anticonvulsant, whereas only 13% of 

patients with no acute seizures were receiving an anticonvulsant.

Previous case series and registries have examined developmental outcomes in children with 

CSVT and epilepsy. In a single center case series in Canada, epilepsy was reported in 18% 

of neonatal CSVT survivors after a median of 2.5 years, and all patients who developed 

epilepsy had neurologic deficits documented on follow-up.[9] Our results from this 

prospective study are consistent with these previous findings suggesting neurological deficits 

in 29% (mRS >2 and KOSCHI <5). Neurological deficits at follow up after CSVT have been 

reported in 38% in other studies [2,20]. High rates of poor neurological outcomes in 
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neonates specifically, have been suggested[8,9,21], with older children more likely having 

intellectual abilities within the normal range 18 months after CSVT[8]. Although, long-term 

outcomes, in our study, based on KOSCHI and mRS at 1 year, are overall, favorable, patients 

with epilepsy and those who were on one or more anticonvulsant have documented 

neurological sequelae. This is consistent with previous pediatric CSVT studies suggesting 

seizures as a predictor of poor outcome[20,22]. This study was under-powered to determine 

the effect of specific anticonvulsant management on epilepsy and developmental outcomes 

and further research focusing on outcome are suggested. No deaths occurred in our study, in 

keeping with previously reported low mortality rates of 3 – 12%[2–4,8,20].

At time of presentation with CSVT, 38% of our cohort presented with acute seizures. 

Previous pediatric stroke registries have reported that acute symptomatic seizures occur in 

26 – 58% of patients with CSVT.[2,4,8,22] Acute seizures were the most common 

presentation of CSVT in neonates. The proportion of neonates with acute seizures in our 

study was lower than described in several prior studies that reported acute seizures in 57 – 

69% of neonates with CSVT [9,23–25]. This may reflect the small number of neonates with 

CSVT enrolled in SIPS. In addition, variation in EEG monitoring could have led to an 

underestimate of acute seizures. Headache was the most common presentation of CSVT in 

children in our study. Identification of headache is likely higher in older children who can 

report headache as a symptom; workup for headache may also lead to the initial diagnosis of 

CSVT and anticoagulation prior to potentially developing a seizure.

We found that the patients that presented with acute seizures had a high likelihood to be 

seizing on arrival to medical attention (33%; 3/9), to require rescue medications (67%; 6/9) 

and had multiple seizures in the acute period (89%; 8/9). The high frequency of repeated 

acute seizures during the first seven days after diagnosis raises the question of whether 

short-term prophylactic anticonvulsant treatment should be considered in children with 

CSVT. Brain Trauma Foundation guidelines[26] and the guidelines for the management of 

pediatric severe traumatic brain injury [18] recommend prophylactic anticonvulsant 

treatment after severe traumatic brain injury to decrease the incidence of early posttraumatic 

seizures; the rationale for the recommendation is partly based on an estimated incidence of 

clinical seizures in 12% and electrographic seizures in 20–25%. At least one study of adults 

with CSVT suggests possible benefit of preventing recurrent acute symptomatic seizures by 

treating with an anticonvulsant[1] but few data are available to guide seizure prevention in 

the pediatric population. Risk and benefit of long-term anticonvulsant management as well 

as screening for epileptic encephalopathy and the potential effects on long-term outcome 

require further study.

In this cohort, a chronic underlying disorder was identified in 42%, consistent with previous 

literature.[2,8,20] Many potential risk factors for CSVT such as chronic illness, recent 

infection, dehydration, anemia, and prothrombotic states [2,4,5,20,27] may influence the 

likelihood of acute seizures, but our small numbers limited the power to identify these as 

predictors of seizure in our study. We did not identify any acute clinical factors associated 

with epilepsy. Half of the patients with epilepsy at one-year follow up had no parenchymal 

injury (infarct or hemorrhage) identified in the acute period. We did not review follow-up 

imaging, and it is possible that infarct or haemorrhage may have occurred later in these 
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patients. However, parents were asked about recurrence of new stroke or thrombosis during 

follow-up and no recurrences or progression was identified through their reports. Even when 

macroscopic injury is not identified on early imaging, poor venous drainage from pediatric 

CSVT may trigger a functional alteration of excitatory and inhibitory neuronal networks that 

chronically increases seizure susceptibility. Other comorbid or genetic factors likely also 

play a role in whether patients develop early epilepsy.

There are several limitations to our study. The majority of SIPS participants were enrolled 

after arterial ischemic stroke. Small numbers of participants with CSVT included in these 

analyses resulted in a lack of power to identify potential differences in developmental 

outcomes in those with versus without seizures or epilepsy. We included clinical seizures 

reported by investigators even if they occurred when not monitored on EEG. Our study 

provides prospective data, where previously published papers are retrospective in nature. 

The focus on seizures a priori, results in better ascertainment of these outcomes. We had 

limited data regarding specifics of the underlying disorders, but some chronic disorders may 

have contributed to a higher epilepsy incidence.

Our prospective study highlights the high proportion of pediatric patients with CSVT present 

with acute seizures. Clinical predictors of acute seizure and later diagnosis of epilepsy are 

yet to be identified. Future studies focusing on neonates and children with CSVT are needed 

to guide clinical decision making for acute treatment and prevention of seizures, as well as 

optimal duration of treatment with anticonvulsants.
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Figure 1: 
Flow diagram of pediatric stroke patients from which 24 CSVT patients were identified. 

Acute seizures and epilepsy outcomes are reported. SIPS, seizures in pediatric stroke study; 

AIS, arterial ischemic stroke; CSVT, cerebral sinovenous thrombosis.
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Table 2:

Characteristics of acute seizures presentation.

Acute Seizure N=9(%)

Clinical only 5 (56)

Electrographic only 1 (11)

Electroclinical 3 (33)

Focal motor 8 (89)

Bilaterally convulsive 1 (11)

Single seizure 1 (11)

2–10 seizures 5 (56)

>10 seizures 2 (22)

Unknown frequency 1 (11)
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