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Abstract
Background Identifyinglate epileptic seizures (LS) following cerebral venous thrombosis (CVT) can be useful for prognosis 
and management. We systematically reviewed the literature to identify risk factors for LS due to CVT.
Methods We systematically searched PubMed, Scholar, and Scopus databases (May 2021) to identify studies reporting data 
on prevalence and risk factors for CVT-LS. The methodological quality was assessed with the Ottawa-Newcastle Scale. The 
risk of developing CVT-LS was summarized in meta-analyses and expressed as odds ratio (OR) and corresponding 95% 
confidence intervals (CIs) using random-effects models.
Results Out of the 332 records retrieved, four studies were eventually included with a total of 1309 patients with CVT and 
142 (11%) with CVT-LS. The most relevant predictors of CVT-LS were symptomatic seizures (OR 5.66, 95% CI 3.83–8.35), 
stupor/coma (OR 6.81, 95% CI 1.18–39.20), focal neurologic signs (OR 6.81, 95% CI 1.18–39.2), hemorrhagic component 
(OR 3.52, 95% CI 2.45–5.06), and superior sagittal sinus involvement (OR 1.52, 95% CI 1.04–2.21).
Conclusion There are several risk factors for CVT-LS that should be considered in clinical practice. Further high-quality 
studies are warranted to develop predictive models for individualized risk stratification and prediction of CVT-LS.
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Introduction

Cerebral venous thrombosis (CVT) is a cerebrovascular 
disease most often affecting children and young adults 
(particularly women), with an estimated annual inci-
dence of 3 to 10 cases per million people (estimated 
incidence 1.32/100,000/year in Western Europe). About 
75% of affected adult patients are women [1]. The prog-
nosis of CVT varies according to the extension of sinus 
involvement and of parenchymal damage to comorbidi-
ties and the underlying cause (i.e., genetic thrombo-
philic diseases, antiphospholipid syndrome, myelopro-
liferative disorders and malignancies, infections, use of 
oral contraceptives, pregnancy, or puerperium). Despite 
significant variability in the clinical presentation and 
course, nowadays, over 80% of patients have a good 
neurological outcome [1].

Common symptoms of CVT include headache, which 
is present in over 90% of adult patients, and impair-
ment of consciousness, ranging from drowsiness to coma 
[1, 2]. Parenchymal brain lesions and focal neurologi-
cal signs develop in half of the cases. Seizures, both 
focal and focal to bilateral tonic–clonic, occur in about 
40% of patients, a much higher percentage as compared 
to those occurring after an ischemic stroke. A propor-
tion of these patients present with status epilepticus, a 
potentially life-threatening condition. Acute sympto-
matic seizures, which by definition occur within 7 days 
from CVT (also termed early seizures) [3], can be found 
in approximately 35–50% of all patients, with a higher 
incidence (76%) in peripartum CVT [4, 5]. Late seizures 
(CVT-LS) occur more than 7 days after CVT and should 
be regarded as unprovoked seizures; they may affect the 
quality of life, requiring long-term treatment with anti-
seizure medications (ASM) [1, 2].

According to the International League Against 
Epilepsy (ILAE), it is possible to diagnose epilepsy 
after a single unprovoked seizure in specific condi-
tions that carry a risk of seizure recurrence greater 
than 60% in the following 10 years [6]. However, little 
is known about the probability of recurrence after a 
first CVT-LS.

Risk factors for acute symptomatic seizures in the 
course of CVT include focal neurologic deficits, supraten-
torial parenchymal lesions, intracerebral hemorrhage, 
focal edema/infarction, superior sagittal sinus thrombo-
sis, cortical venous thrombosis, and pregnancy or puer-
perium [7–9]. Conversely, risk factors for CVT-LS are 
still unclear. Being able to identify predictors of late-onset 
seizures and CVT-LS could help neurologists to identify 
high-risk patients and to plan long-term treatment. For 
these reasons, we performed a systematic review and 

meta-analysis of published studies to identify the risk fac-
tors for CVT-LS.

Methods

Search strategy, study selection, and data 
extraction

Results of this review were reported according to the PRISMA 
guidelines (the checklist is reported in the Supplementary 
Material).

We conducted a systematic search of the literature 
in the following databases, from inception to May 2021: 
MEDLINE (accessed through PubMed interface), Google 
Scholar, and Scopus. The search strategies used are reported 
in the Supplementary Material. Studies were included if they 
met the following criteria: explicit differentiation between 
early and late post-CVT seizures; reporting data on sex, age, 
occurrence of acute symptomatic/early seizures, prophylaxis 
with ASM, impairment of consciousness, focal neurologi-
cal signs, hemorrhagic component, involvement of specific 
venous sinuses or cortical veins, or supratentorial locali-
zation. Articles that did not meet the above criteria were 
excluded. The studies were initially selected for inclusion 
by two authors (SG and EF). From the included papers, the 
same authors extracted data on study design, total number 
of patients, age and gender, cut-off for defining LS, duration 
of follow-up, seizure prevalence, and details on the vari-
ables of interest. Study selection and data extraction were 
performed independently; discrepancies were resolved by 
mutual discussion.

Assessment of methodological quality

The risk of bias for all included studies was assessed using the 
Newcastle–Ottawa scale [10].

Statistical analysis

For each variable, we carried out a quantitative synthesis 
(meta-analysis) to summarize the risk of developing CVT-LS 
across different studies. Results were synthesized using a ran-
dom-effects model to take into account the differences in clini-
cal characteristics and design across studies. The pooled risk 
of developing CVT-LS was expressed using odds ratios (ORs) 
with 95% confidence intervals (CI). Values of p < 0.05 were 
considered statistically significant. The statistical heterogene-
ity between the studies was assessed using the I2 index and 
calculating the Cochran’s Q with its p-value. Meta-analyses 
were performed with Comprehensive Meta-Analysis, version 
3.3.070.

5230 Neurological Sciences (2022) 43:5229–5236



1 3

Results

The search strategy yielded 332 results (270 through 
PubMed, 34 through Scopus, and 28 through Google 
Scholar); 315 studies were excluded either because of their 
irrelevance to the topic or because they were duplicated 
and 13 because they did not meet the inclusion criteria 
(Fig. 1). The meta-analyses included results from 4 stud-
ies, published between 2003 and 2020 [11–14]. Data of the 
included studies are summarized in Table 1. In the New-
castle–Ottawa scale evaluation, the studies scored from 
4 to 6 points, indicating a medium risk of bias. Details 
about ratings of the single studies are reported in the Sup-
plementary Materials.

The four studies included 1309 patients with CVT, of 
whom 142 were diagnosed with CVT-LS (11%). Three 
studies had a retrospective design and one a mixed pro-
spective/retrospective design. As expected, all studies 
had a female preponderance. The occurrence of epileptic 

seizures was ascertained in different ways, including a 
review of medical records, outpatient visits, and telephone 
interviews.

Four variables (age, status epilepticus, cortical vein 
thrombosis, and supratentorial localization) were excluded 
from the meta-analysis due to a lack of consistent data.

Acute symptomatic seizures following cerebral 
venous thrombosis

Four studies were included in this analysis [11–14], with no 
statistical heterogeneity across studies (I2 = 0, Q value = 2.7, 
and p = 0.44). The occurrence of acute symptomatic seizures 
was associated with a fivefold increased risk of developing 
CVT-LS (OR 5.66, 95% IC 3.83–8.35, p < 0.001) (Fig. 2).

Prophylaxis with antiseizure medications

In this analysis, two studies were included [12, 13], with no 
significant statistical heterogeneity (I2 = 0, Q value = 0.32, 

Fig. 1  PRISMA flow chart 
for inclusion and exclusion of 
studies

Table 1  Characteristics of the included studies

SD standard deviation, IQR interquartile range, R retrospective, P prospective

Study Design No. of 
included 
subjects

Age (years) Males/females Cut-off for late seizures Prevalence 
of late sei-
zures

Buccino et al. [11] R 34 Mean 38.5, range 22–55 4/30 Unspecified 8.8%
Ferro et al. [12] R 84 Mean 38, SD 13 20/64 7 days 9,5%
Davoudi et al. [13] R 63 Mean 37, SD 11 8/55 14 days 12.7%
Van Kammen et al. [14] R + P 1127 Late seizures: median 42, 

IQR 30–54
No late seizures: median 

39, IQR 29–51

336/791 7 days 10.9%
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and p = 0.58). The prophylactic use of ASM was associ-
ated with a greater probability of having CVT-LS, although 
with a large confidence interval, due to the small number of 
events and included patients (OR 10.5, 95% IC 2.28–48.03, 
p = 0.003) (Fig. 3).

Impairment of consciousness (stupor/coma)

Three studies were included in this analysis [11, 13, 14], 
with evidence of statistical heterogeneity (I2 = 69%, Q 
value = 6.46, and p = 0.04). Impairment of consciousness 
was associated with a greater probability of having CVT-LS: 
patients with drowsiness or coma had a sevenfold increased 
risk (OR 6.81, 95% IC 1.18–39.2, p = 0.032) (Fig. 4). How-
ever, the estimate was imprecise, as shown by the large 
confidence interval, due to the small number of events and 
included patients.

Focal neurological signs

In this analysis, three studies were included [11, 13, 14], 
with evidence of statistical heterogeneity (I2 = 69%, Q 
value = 6.46, and p = 0.04). The occurrence of focal neuro-
logical signs (hemiparesis, hemianopia, aphasia, or a com-
bination of signs) was associated with a sixfold increased 
risk of developing CVT-LS (OR 6.81, 95% IC 1.18–39.2, 
p = 0.032) (Fig. 5). Again, the confidence interval of the 
estimate was large, due to the small number of events and 
included patients.

Hemorrhagic component

Three studies were included in this analysis [12–14], with no 
evidence of statistical heterogeneity across studies (I2 = 0, Q 
value = 0.30, and p = 0.86). A hemorrhagic component was 

Fig. 2  Forest plot (acute symp-
tomatic seizures)

Fig. 3  Forest plot (prophylaxis 
with anti-seizure medications)
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associated with a greater probability to have CVT-LS (OR 
3.52, 95% CI 2.45–5.06, p < 0.001) (Fig. 6).

Sex

Four studies were included [11–14], with I2 = 0, Q = 0.85, 
and p = 0.84. Sex was not a determinant of LS in patients 
with CVT (OR 0.81, 95% CI 0.56–1.19, p = 0.283) 
(Figure S1).

Involvement of specific sinuses

Two studies [13, 14] evaluated the involvement of specific 
venous sinuses, although with a moderate statistical het-
erogeneity across studies (I2 = 43%, Q value = 1.77, and 
p = 0.18). The involvement of lateral or sigmoid sinus (OR 
1.40, 95% CI 0.27–7.21, p = 0.69) and straight sinus (OR 
1.70, 95% CI 0.37–7.88, p = 0.495) was not associated with 
CVT-LS (Figures S2 and S3). Conversely, thrombosis of the 

superior sagittal sinus (Fig. 7) was associated with a moder-
ate increased risk of CVT-LS (OR 1.52, 95% CI 1.04–2.21, 
p = 0.029).

Variables not evaluated in the meta‑analysis

We were not able to analyze the following variables: age, 
cortical vein thrombosis, and supratentorial localization. 
Age was reported heterogeneously across studies: in some 
articles, it was analyzed as a continuous variable, whereas 
other studies adopted arbitrary cut-offs. The presence of 
cortical vein thrombosis [14] and supratentorial localiza-
tion [13] were analyzed in a single study each. In the larg-
est included study on predictors of CVT-LS [13], the pres-
ence of a supratentorial localization was associated with a 
greater risk of developing late seizures, but this variable 
was not an independent predictor in multivariate analysis. 
In another study [14], the presence of cortical vein throm-
bosis was a predictor of CVT-LS. The same study identified 

Fig. 4  Forest plot (impairment 
of consciousness)

Fig. 5  Forest plot (focal neuro-
logical signs)
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symptomatic acute status epilepticus as a further risk factor 
for CVT-LS, with a hazard ratio of 7.0 [14].

Discussion

In this systematic review, we identified the following risk 
factors for CVT-LS: occurrence of acute symptomatic sei-
zures, hemorrhagic lesions; prophylaxis with ASM, focal 
neurological signs, alterations of consciousness, and involve-
ment of the superior sagittal sinus. These risk factors should 
be considered in clinical practice to identify patients who are 
at high risk of developing CVT-LS.

Across the included studies, 11% of patients with CVT 
developed one or more LS over an average period of 
24 months. Although the practical definition of epilepsy 
by ILAE [6] does not explicitly list CVT among the condi-
tions that allow formulating a diagnosis of epilepsy after a 

single LS, the largest study included in the present review 
found that 70% of patients with a first CVT-LS experienced 
a seizure recurrence over a median follow-up of 2.6 years. 
This risk is much higher than the cut-off proposed by ILAE; 
accordingly, the occurrence of a single CVT-LS may there-
fore be considered as structural epilepsy.

Patients with LS had more often focal neurological 
deficits, coma, and acute symptomatic seizures on initial 
admission for CVT. On baseline imaging, intracerebral 
hemorrhage, sulcal subarachnoid hemorrhage, and subdural 
hematoma were also more common. Furthermore, these 
subjects had more frequently a thrombosis of the superior 
sagittal sinus and cortical veins. Acute symptomatic (early) 
seizures were associated with a fivefold increased risk of 
CVT-LS; they should be considered a major risk factor for 
LS, a finding consistent with the literature on the occurrence 
of post-stroke epilepsy [15, 16]. Thus, although acute symp-
tomatic seizures following a brain injury are not associated 

Fig. 7  Forest plot (involvement 
of superior sagittal sinus)

Fig. 6  Forest plot (hemorrhagic 
component)
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with a very high risk of relapse by themselves [17], it is 
appropriate to consider patients with early seizures as being 
at high risk of developing CVT-LS.

The treatment with ASMs in the acute phase was found 
more frequently in patients who later developed CVT-LS. 
This may reflect the attitude to prescribe ASMs after acute 
symptomatic seizures and the perceived high risk for recur-
rence in these patients. The high incidence of LS despite 
drug treatment confirms that ASMs do not have any anti-
epileptogenic effect, as shown in animal models [18] and 
emphasized by expert opinions [19]. At the same time, on 
the basis of the available literature data, prophylactic therapy 
with ASMs in patients with CVT who have never presented 
seizures is not recommended [20]. The association between 
ASMs and increased risk of CVT-LS should be read with 
caution, as it could reflect variability in treatment strategies 
across studies and individual therapeutic considerations, 
often not explicitly reported difficult to judge. From a prac-
tical point of view, a patient with CVT who is deemed at 
high risk for CVT-LS should be followed up closely, but the 
caring physician should be reassuring on the relatively low 
risk of seizures and on the fact that a prophylaxis treatment 
is not necessary.

The presence of bleeding on admission imaging was 
a further risk factor for CVT-LS. In animal experiments, 
it has been shown that seizures can be induced by the 
extravasation of serum-derived components in the context 
of an altered blood–brain barrier [21, 22]. The association 
between hemorrhagic lesions and seizures is probably due 
to the “irritative” effect of the exudation of hemosiderin and 
its metabolites on the cerebral cortex [21, 22]. Hemorrhage 
(both primary intraparenchymal hemorrhage or, as in CVT, 
hemorrhagic transformation of ischemic infarction) is a 
known risk factor for post-stroke epilepsy, as confirmed by 
clinical studies [23].

Patients with CVT presenting with signs of encepha-
lopathy, such as coma or impaired consciousness or with 
persistent focal neurologic deficits secondary to focal struc-
tural damage (e.g., aphasia, hemianopia, and hemiparesis), 
were more likely to experience CVT-LS. This finding may 
indicate that patients with diffuse structural brain lesions 
or injuries involving the cerebral cortex are at increased 
risk of developing LS. Similar results were observed also 
in a large study [24]. Moreover, the only predictor of late 
seizures among different anatomic locations of CVT was 
the superior sagittal sinus, which drains the blood from the 
supratentorial parenchyma, including most cortical regions. 
The presence of cortical venous infarcts, or supratentorial 
lesions per se, could not be analyzed in a metanalysis. 
However, data from a large study show that supratentorial 
involvement may be related to the occurrence of late sei-
zures [14], a finding in line with other studies on post-stroke 

epilepsy. The presence of cortical lesions is indeed associ-
ated with a greater risk of epilepsy in patients with stroke 
of any nature [23, 25].

In our meta-analysis, age could not be evaluated as 
a possible predictor of LS, but both in the largest study 
included in the meta-analysis [14] and in other studies [7, 
25], it does not seem to have a predictive role. Furthermore, 
although CVT occurs in great preponderance in the female 
sex, this meta-analysis did not identify gender as a predictor 
of LS.

Since the present study was planned before the outbreak 
of the Covid-19 pandemic, we did not analyze the presence 
of Sars-Cov-2 infection or a previous Covid-19 vaccination 
as a possible predictor of CVT-LS. Data from the existing 
literature are not conclusive on the incidence of early or 
late seizures in patients with CVT caused by Sars-Cov-2 
infection [26] or by vaccination in the context of immune 
thrombotic thrombocytopenia [27].

This study has some limitations. Only four studies were 
eligible and included, and one of them contributed with 
the majority of data. The clinical and methodological 
heterogeneity across studies was partly mitigated by the 
adoption of a random-effects model. It was impossible to 
assess some variables due to the heterogeneity and scarcity 
of data. Lastly, the overall quality of studies was suboptimal, 
emphasizing the need for future high-quality research in this 
field.

The negative effects of LS on the independence and qual-
ity of life justify the planning of large and prospective stud-
ies with the aim of better characterizing the risk factors for 
the development of epilepsy due to CVT, its prevention, and 
the most appropriate drug treatment. Identifying risk factors 
for epilepsy following CVT would be important for individ-
ualized risk stratification and tailored therapeutic strategies 
to prevent seizure recurrence.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s10072- 022- 06148-y.
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