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Abstract

Background: Nearly 40% of cerebral venous sinus thrombosis 
(CVST) cases experience a seizure. A plethora of problems may arise 
from seizures. Many of these are well recognized in literature as well 
as in clinical practice. These include the risk for acute respiratory fail-
ure, acute renal injury, demand ischemia of myocardium, aspiration 
pneumonia, and a variety of musculoskeletal injury. Given the lack 
of a validated tool to predict seizure in the acute phase of CVST, 
the use of prophylactic anti-epileptic drugs (AEDs) is controversial. 
A systematic review and meta-analysis of observational studies was 
conducted to identify risk factors to construct a clinical prediction 
tool for seizure in acute CVST.

Methods: Systematic review was performed according to Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses (PRIS-
MA) guidelines. Observational studies that investigated the risk factors 
for seizure in acute CVST were retrieved from MEDLINE, EBSCO, 
Web of Science, and Pro-Quest. The summary odds ratios (ORs) were 
calculated from the pool of data under the random effects model. A 
point value of 1, 2, or 3 was assigned to each risk factor based on their 
β-coefficient in the predictive model. Discriminative ability of this 
model was evaluated on the receiver operating characteristic curve.

Results: Initial literature search revealed 1,046 articles discussing 
seizure as a complication of acute CVST. Through a robust system-
atic review process with two independent reviewers, 14 studies fully 
meeting the inclusion criteria were selected. Data elements extracted 
from the studies were analyzed and re-synthesized. Anatomical in-

volvement of frontal lobe (OR: 4.85; 95% confidence interval (CI): 
3.52 - 6.68), parietal lobe (OR: 2.52, 95% CI: 1.41 - 4.52), cortical 
vein thrombosis (OR: 3.16, 95% CI: 2.18 - 4.58), hemorrhagic venous 
ischemia (OR: 3.85; 95% CI: 3.20 - 4.64), and clinical presentation of 
motor deficit (OR: 3.07; 95% CI: 2.66 - 3.55) or confusion (OR: 2.15; 
95% CI: 1.57 - 2.94) showed a strong association with increased risk 
for seizure in the setting of acute CVST. We developed a novel Ra-
diographic and Clinical Assessment (RC) scoring system, consisting 
of the significant six risk factors. RC score yielded a calculated area 
under the curve of 0.89, with probabilities for seizure ranging from 
40% with a score of 0 to 92% for score of 6.

Conclusions: RC scoring tool can be used to stratify the seizure risk 
based on radiographic findings and the clinical presentation in the acute 
phase of CVST. This predictive tool may be helpful in identifying pa-
tients whose seizure risk is high and can potentially further be used as a 
clinical decision support tool for prophylactic AED treatment.
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Introduction

Acute symptomatic seizure is a transient episode of abnormal 
excessive or synchronous neuronal activity occurring in close 
temporal association with a neurological or systemic insult [1]. 
A plethora of problems may arise from seizures. Many of these 
are well recognized in literature as well as in clinical practice. 
These include the risk for acute respiratory failure, acute renal 
injury, demand ischemia of myocardium, aspiration pneumonia, 
and a variety of musculoskeletal injury [2]. Acute seizure fol-
lowing stroke, in particular, has been associated with increased 
morbidity and mortality. The metabolic demand from hypersyn-
chronous neuronal discharge serve to aggravate ischemic epi-
sode in the penumbra [3]. This metabolic crisis with the release 
of extracellular glutamate results in further elevation of intracra-
nial pressure. Therefore, prophylactic use of anti-epileptic drugs 
(AEDs) in individuals at high risk for seizure may have a role in 
post-stroke neuroprotection [4]. Acute symptomatic seizure is a 
rare complication of stroke, with estimates ranging from 3% to 
4% [5]. Current recommendations are against primary prophy-
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laxis for post-stroke seizure in view of the low incidence of sei-
zure and known adverse events of AEDs [6, 7].

One of the areas of concern is the potential for drug interac-
tion of enzyme-inducing AEDs in stroke patients. For instance, 
carbamazepine, phenytoin phenobarbital, and primidone are 
known to lower therapeutic efficacy of statins. Valproic acid and 
phenytoin are notorious for its insulin resistance side effect. Fur-
thermore, a vast majority of AEDs are associated with obesity, 
dyslipidemia, and chronic fatigue. Thus, the effects of AEDs on 
vascular risk factors in stroke patients makes a trade-off analysis 
of AEDs for stroke critical [8]. Phenytoin and benzodiazepine 
class of AEDs are also shown to suppress the neural plasticity 
associated with cognitive and behavioral rehabilitation follow-
ing stroke [9, 10]. When AEDs is given for a short-term prophy-
laxis, a continued coordination and monitoring is essential for 
safe discontinuation. Otherwise, anti-epileptic therapy can be 
perpetuated indefinitely, which can cause unnecessary financial 
and socio-psychological burden [11].

Nevertheless, the American Heart Association Stroke Coun-
cil recommends judicious use of AEDs as primary prophylaxis 
for stroke patients at high risk for seizure [6]. Cerebral venous 
sinus thrombosis (CVST) is an uncommon type of strokes, rep-
resenting less than 1% of all strokes [12, 13]. Approximately 
40% of CVST patients experience acute symptomatic seizure 
[14]. CVST is a cause of stroke in which the venous conduits 
within the brain become thrombosed, resulting in venous flow 
obstruction [15]. Reported incidence of CVST is about seven 
cases per million adults per year. Nearly 75% of the CVST cases 
occur in females [16]. Although a rarer cause of stroke, account-
ing for about roughly less than 1% of all strokes, there are risk 
factors that have been well documented in the literature. Risks 
including but not limited to pregnancy/puerperium, use of oral 
contraceptives, thrombophilia, malignancy, smoking, and infec-
tion have all been associated with CVST [17].

Often, the initial presenting symptom is a headache, but 
there are many other reported clinical presentations of CVST as 
the clinical manifestations of CVST can be variable. Symptoms 
include, motor deficits, sensory deficits, nausea, vomiting, con-
fusion, agitation, gait disturbance, cranial nerve findings, visual 
complaints, seizures, and coma [15]. This variable presentation 
of CVST creates an essential need for radiographic imaging. 
Imaging modalities such computed tomography, magnetic reso-
nance (MR) imaging (MRI), angiography, venography, and MR 
venography can confirm a diagnosis of CVST [16]. Previously 
there had been poor prognosis associated with CVST, however 
with the advancement of neuroimaging and treatment interven-
tions, CVST has been better identified and treated. Treatment 
guidelines for CVST center upon the rapid administration of an-
tithrombotic therapy, close monitoring for and management of 
increased intracranial pressure, therapy for any associated psy-
chomotor agitation, analgesic treatment for pain, antibiotics in 
the setting of infection, and treatment of seizures [18].

Given the lack of a validated tool to predict seizure in the 
acute phase of CVST, the use of prophylactic AEDs is contro-
versial. Considering that there is a high incidence of seizures, 
the question regarding whether to treat seizures prophylacti-
cally in this setting is a relevant one. Literature surrounding 
this topic does not yield sufficient recommendations regarding 
the initiation of prophylactic treatment, duration of treatment, 

and how these clinical decisions impact prognosis and risk of 
recurrence [19]. In this study, we sought to develop a clini-
cally feasible tool to help predict the risk of acute symptomatic 
seizure in patients with CVST in the acute setting. Our hope is 
that this tool can serve to aid clinicians and guide in manage-
ment and treatment decisions.

Materials and Methods

Systematic review

Systematic review was conducted in accordance with Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guideline from 2009. First, studies were 
identified via query of MEDLINE, EBSCO, Web of Science, 
and Pro-Quest databases with following key words: “cerebral 
venous thrombosis,” “seizure,” and “cerebral vein and dural 
sinus thrombosis.” The trial query period was completed on 
February 25, 2022. Specific search terms used in each database 
are described here (Supplementary Material 1, www.neurores.
org). Two-stage screening process with Covidence was used 
to remove duplicates. Reference lists of included articles were 
also investigated for the identification of relevant articles. The 
inclusion criteria included the following: 1) prospective or ret-
rospective observational study; 2) studies reporting potential 
risk factors for seizure in the acute phase of CVST; and 3) 
studies with sufficient information to estimate the odds ratio 
(OR) and 95% confidence intervals (CIs). The exclusion cri-
teria were: 1) editorial, letter to the editor, or case report; 2) 
abstracts or posters from conferences; 3) use of ambiguous ex-
clusion criteria; 4) insufficient details on data collection meth-
odology; 5) unpublished studies; 6) studies with the number 
of patients less than 30; and 7) studies on neonatal patients. 
Unpublished studies were excluded from our analysis due to 
difficulties in assessing their internal validity and reliability. 
We included all articles in which sufficient data were presented 
to allow the assessment of potential risk factors for seizure in 
acute CVST. Two reviewers independently performed study 
selection based on the inclusion and exclusion criteria (Fig. 
1). Kappa statistics were calculated to assess the agreement 
between reviewers for relevance of study selection. Disagree-
ments were resolved at a meeting between reviewers before 
data extraction. Data extraction was also conducted by two re-
viewers. A third reviewer compared the data extraction forms 
to ensure accuracy. Disagreements were resolved by discus-
sion among the three reviewers.

Statistical analysis

Data were entered into the Cochrane Review Manager soft-
ware (RevMan 5.0) and analyzed using multivariate regression 
analysis. Random-effects model was used for meta-analyses of 
all variables. I2 determination was used to measure the hetero-
geneity. I2 index below 50% was considered indicative of no 
significant heterogeneity. ORs with 95% CI were calculated 
by the random-effects model for seizure occurrence between 
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CVST patients with and without each risk factor studied. Po-
tential risk factors are involvement of frontal lobe, parietal 
lobe, temporal lobe, occipital lobe, involvement of cortical 
vein, transverse (lateral) sinus, straight sinus, sigmoid sinus, 
deep or cerebral vein, presence of non-hemorrhagic or hemor-
rhagic ischemia on MRI, clinical finding of headache, confu-
sion, aphasia, motor deficit, papilledema, sensory disturbance, 
nausea, or vomiting. A point value of 1, 2, or 3 was assigned 
to each risk factor based on their β-coefficient in the predictive 
model. We assessed the discriminative ability of this novel pre-
diction score using the receiver operating characteristic curve.

This study was exempted from the institutional review board 
(IRB) approval (IRB case number: R_3pihWhik52WEBVq). 
The study was conducted in compliance with the ethical stand-
ards of the responsible institution on human subjects as well as 
with the Helsinki Declaration.

Results

A total of 14 studies with 4,414 patients were included for 
quantitative analyzation for the seizure risk factors in the acute 

phase of CVST [20-33]. Nine studies were included in the 
imaging studies, involving 563 patients. The Kappa statistic 
measuring agreement between the two reviewers at the title/
abstract stage and the full-text stage were 0.7 and 0.9, respec-
tively. This concordance coefficient suggests strong agreement 
between the reviewers.

As shown in Table 1, ORs were calculated by the ran-
dom-effects model for seizure occurrence between CVST 
patients with and without each risk factor studied. The ORs 
and 95% CI for potential risk factors were as the following: 
frontal lobe (OR = 4.85, 95% CI = 3.52 - 6.68), parietal lobe 
(OR = 2.52, 95% CI = 1.41 - 4.52), temporal lobe (OR = 1.58, 
95% CI = 0.60 - 4.14), occipital lobe (OR = 0.99, 95% CI 
0.62 - 1.59), superficial sagittal sinus (OR = 1.97, 95% CI = 
1.17 - 3.30), cortical vein (OR = 3.16, 95% CI = 2.18 - 4.58), 
transverse (lateral) sinus (OR = 0.60, 95% CI = 0.50 - 0.73), 
straight sinus (OR = 0.63, 95% CI = 0.40 - 0.90), sigmoid 
sinus (OR = 1.11, 95% CI = 0.74 - 1.66), deep cerebral vein 
(OR = 0.39, 95% CI = 0.07 - 2.07), hemorrhagic ischemia 
(OR = 3.85, 95% CI = 3.20 - 4.64), non-hemorrhagic is-
chemia (OR = 1.49, 95% CI = 1.13 - 1.98), headache (OR = 
0.35, 95% CI = 0.18 - 0.66), confusion (OR = 2.15, 95% CI 

Figure 1. Flow diagram of search process and study selection.
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= 1.57 - 2.94), aphasia (OR = 1.18, 95% CI = 0.47 - 2.95), 
motor deficit (OR = 3.07, 95% CI = 2.66 - 3.55), papilledema 
(OR = 0.36, 95% CI = 0.22 - 0.58), sensory disturbance (OR 
= 1.73, 95% CI = 0.45 - 6.67), nausea/vomiting (OR = 0.77, 
95% CI = 0.58 - 1.03). This result demonstrates strong as-
sociation of frontal lobe, parietal lobe, cortical vein, hemor-
rhagic ischemia, confusion, and motor deficit with seizure 
occurrence in CVST.

Involvement of frontal or parietal lobe, cortical vein, pres-
ence of hemorrhagic venous ischemia, motor deficit, or con-
fusion were found to be significantly associated with acute 
symptomatic seizure in the acute phase of CVST. Meta-regres-
sion, including age, sex, study type, country, time frame (year 
the study began; ended), and study duration was performed to 
identify the potential source of heterogeneity. Only the starting 
year of the study significantly contributed to heterogeneity (R2 
= 32.4%, P < 0.0001).

We constructed the following formula using the sig-
nificant risk factors as follows: for radiographic finding (R), 
frontal lobe, parietal lobe, cortical vein, and hemorrhagic ve-

nous ischemia; for clinical presentation (C), motor deficit and 
confusion (Table 2). β-coefficient values were 1.58 for fron-
tal lobe, 0.92 for parietal lobe, 1.15 for cortical vein, 1.35 for 
hemorrhagic venous ischemia; 0.77 for motor deficit, and 1.12 
for confusion. A point value of 0.5 was assigned to risk fac-
tors with β-coefficient below 1. Risk factors with β-coefficient 
between 1 and 1.3 were given a point value of 1. Three points 
were given to risk factors with β-coefficient greater than 1.3. 
For R in radiographic finding and C in clinical presentation, 
we named this novel score system as Radiographic and Clini-
cal Assessment (RC) scoring system. This score system was 
developed based on meta-analyses of 14 studies with total 
4,414 patients.

Discriminative ability of this novel prediction score was 
assessed using the receiver operating characteristic curve. 
This prediction score yielded a calculated area under the curve 
(AUC) of 0.89, with probabilities for seizure ranging from 
40% with a score of 0 to 92% for score of 6 (Table 3). AUC 
of 0.89 demonstrates an excellent discriminative ability of this 
prediction model. Starting point of this curve was set at 0 point 
with 40% probably as it is the reported probability of having 
a seizure in patients with CVST in general [14]. Patients with 
RC score 2 or greater should be considered for AED prophy-
laxis as their seizure probability is greater than 50%.

Discussion

Herein, both motor deficits and cortical vein thrombosis were 

Table 2.  A Novel Radiographic and Clinical Assessment (RC) 
Scoring System

Risk factors Score
Radiographic finding (R)
  Frontal lobe 1.5
  Parietal lobe 0.5
  Cortical veins 1
  Hemorrhagic venous ischemia 1.5
Clinical presentation (C)
  Motor deficit 0.5
  Confusion 1

Table 3.  Score Interpretation for the Radiographic and Clinical 
assessment (RC) Scoring System

RC score Estimated seizure risk (%)
0 40
1 48
2 52
3 60
4 68
5 80
6 92

Table 1.  Odds Ratio (OR) Calculated by the Random-Effects 
Model for Seizure Occurrence Between Cerebral Venous 
Thrombosis Patients With and Without Each Risk Factor Stud-
ied

OR 95% CI
Location
  Frontal lobe 4.85 3.52 - 6.68
  Parietal lobe 2.52 1.41 - 4.52
  Temporal lobe 1.58 0.60 - 4.14
  Occipital lobe 0.99 0.62 - 1.59
Sinus type
  Superficial sagittal sinus 1.97 1.17 - 3.30
  Cortical vein 3.16 2.18 - 4.58
  Transverse (lateral) sinus 0.60 0.50 - 0.73
  Straight sinus 0.63 0.40 - 0.90
  Sigmoid sinus 1.11 0.74 -1.66
  Deep cerebral vein 0.39 0.07 - 2.07
Venous ischemia type
  Hemorrhagic 3.85 3.20 - 4.64
  Non-hemorrhagic 1.49 1.13 - 1.98
Symptom or sign
  Headache 0.35 0.18 - 0.66
  Confusion 2.15 1.57 - 2.94
  Aphasia 1.18 0.47 - 2.95
  Motor deficit 3.07 2.66 - 3.55
  Papilledema 0.36 0.22 - 0.58
  Sensory disturbance 1.73 0.45- 6.67
  Nausea/vomiting 0.77 0.58 - 1.03

CI: confidence interval.
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strongly associated with seizure risk. Both factors could be 
acting as a surrogate for cortical damage, which is well known 
to be of a higher risk for seizures. However, even if these are 
a surrogate marker, we have shown how there is a significant 
link between motor deficit and seizure, making it a reasonable 
inclusion in this score. Furthermore, the cortical damage may 
also explain the association of those patients with presenting 
with focal deficit having higher association of seizure. This 
same concept can be applied to the possible rational behind the 
strong association between seizure in acute CVST and frontal 
lobe involvement that may be due to frontal lobes being the 
venous territory corresponding to the cortical vein and super-
ficial sagittal sinus [34]. CVST in superficial sagittal sinus/
cortical veins will obstruct the flow, leading to focal edema 
and venous ischemia.

Although has been a paradigm shift throughout the history 
of neurologic practice away from obligatory seizure prophy-
laxis this has always been a risk verse benefit assessment made 
by the clinician. Many anti-seizure medications come with a 
notable degree of risk due to or interactions with medications 
or side effects, including liver injury, hypotension, and cardiac 
arrhythmia. The benefit, seizure reduction, would only be seen 
in those who would have had a seizure without the medica-
tions, in other words those at high risk. By stratifying the sei-
zure risk of patients, through such scoring tools as this, we can 
limit the risks from these medications by limiting through use 
to those most likely to benefit. In view of these problems as-
sociated with AEDs, judicious use of AEDs based on the sound 
evidence is critical. For this reason, the available evidence was 
critically evaluated in this systematic review with meta-anal-
ysis for primary prophylactic use of AEDs in the acute phase 
of CVST.

In previous meta-analysis published by Li et al in 2019, 
six observational studies including total 1,244 patients were 
analyzed. This study identified a positive association of acute 
seizure in CVST with frontal or parietal lobe, cortical vein, 
hemorrhagic ischemia, altered mental status and motor deficit 
[35]. This research finding is consistent with the outcome of 
our study.

The main highlight of our index is the large sample of pa-
tients, consisting of 4,414 individuals, from 14 studies. This 
analysis combined the observational studies to amplify the 
statistical precision and power. Based on the significant risk 
factors identified in this work, we constructed the RC scoring 
system to predict the seizure risk in CVST. This score system 
is a new contribution to what is known of the seizure risk in the 
acute phase of CVST. It is our hope RC score system could be 
used to help guide the judicious use of anti-epileptic therapy in 
this patient population.

While this score was derived from extensive review of 
the literature, the largest study we are aware to date, it has 
yet to be validated in clinical practice, demonstrating that the 
seizure frequency falls within the expected range and the con-
cordance between both the radiographic finding and clinical 
presentation to the seizure risk. Further studies could investi-
gate all-cause mortality between those who are treated with 
prophylactic seizure medications and those who are not, when 
looking at patient from each score value. It could be used for 
early seizure prophylaxis management. Early prediction is 

important for controlling seizures and preventing secondary 
brain damage. Subsequently, we developed the nomogram for 
predicting this complication for an individual patient in real 
practice.

Using Web of Science, and Pro-Quest databases, this 
limited search likely has limited generalization of our index. 
This study is based on pooled analysis of aggregate patient 
data. For this reason, patient characteristics at individual 
level was not available to our study. Important differences 
across studies, such as the percentage of pregnancy-related 
CVST, were not taken into consideration for the summary 
effect.

Given a rarity of CVST, validation study for the RC score 
system would be a challenge. Collaboration of multiple stroke 
centers across the country would be required for the valida-
tion study in clinical practice. Further studies could investigate 
all-cause mortality between those are treated with prophylactic 
seizure medications and those who are not, when looking at 
patient from each score value.

In severe traumatic brain injury (TBI), the probability of 
acute seizure within 7 days of injury is reported to be about 
12%. AED prophylaxis in this setting has shown to decrease 
the occurrence of acute seizure by 75%. Based on this evi-
dence, current guideline from The Brain Trauma Foundation 
recommends primary AED prophylaxis in patients with severe 
TBI for 7 days after injury [36]. Looking along the same line, 
the efficacy of AED prophylaxis in CVST will need to be eval-
uated. This information would be useful in risk-benefit analy-
sis for use of RC score in routine clinical practice.

Conclusions

The RC score system, combining information about vascular 
and lobar localization, type of ischemia, and clinical presen-
tation, may be a useful predictor for seizure development in 
CVST patients.

Supplementary Material

Suppl 1. Search term used in MEDLINE, EBSCO, Web of 
Science, and Pro-Quest Databases.
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