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Introduction: Cerebral venous thrombosis (CVT) is a rare subtype of stroke. However, existing scales were insufficient to evaluate
the overall severity of CVT. The aim of this study is to develop and validate a CVT severity scale.

Methods: Items 1-11 were directly derived from NIHSS. New items were generated from a literature review and focus group
discussion. A total of 170 CVT patients were prospectively recruited from 26 top tertiary hospitals in China Mainland from
January 2021 to May 2022 to validate the CVT severity scale. The CVT severity scale, NIHSS, mRS and GCS were rated at
admission. The lumbar puncture opening pressure was also recorded. Twenty randomly selected CVT patients were rated with the
CVT severity scale again 24 hours later. The clinical outcome of CVT was evaluated by mRS at 6 months after baseline.

Results: We successfully established a CVT severity scale with 18 items. Exploratory factor analysis showed that 18 items were
attributed to factor 1 (focal neurological deficits), factor 2 (diffuse encephalopathy), factor 3 (intracranial hypertension) and factor 4
(cavernous sinus syndrome). CVT severity scale was positively correlated with ICP, NIHSS and mRS, and negatively correlated with
GCS at baseline. CVT severity scale >3 or factor 3 >2 indicated intracranial hypertension. CVT severity scale >10 indicated poor
clinical outcome at 6 months of follow-up. Meanwhile, CVT severity scale showed high internal consistency and test—retest reliability.
Conclusion: The CVT severity scale included 18 items encompassing 4 domains of focal neurological deficits, diffuse encephalo-
pathy, IH and cavernous sinus syndrome. CVT severity scale correlated well with ICP, NIHSS, mRS and GCS. Patients with CVT
severity scale >10 can be defined as severe CVT. The CVT severity scale may serve as a valid and reliable tool for measuring the
overall severity of CVT.
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Introduction

Cerebral venous thrombosis (CVT) is a rare subtype of stroke which account for 0.5-1% of all strokes.'” The
manifestations of CVT presented as a decreased level of consciousness, headache, tinnitus, visual impairment, papille-
dema, focal neurological deficits, seizures, psychiatric symptoms, cranial nerve palsies and neck discomfort.'>** These
clinical manifestations can be divided into four domains: focal neurological deficits, diffuse encephalopathy, intracranial
hypertension (IH) and cavernous sinus syndrome.>°
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Most of previous studies on CVT used intracranial pressure (ICP), National Institutes of Health Stroke Scale
(NIHSS), modified Rankin Scale (mRS) and Glasgow Coma Scale (GCS) to evaluate the severity of CVT*7?
However, ICP was only capable of evaluating the severity of IH.*'®!" NIHSS were designed for acute arterial stroke

1213 mRS was used only to measure the global disability.'*'* A series

to assess the severity of focal neurological deficits.
of studies also used GCS to discriminate the severity of CVT.”'> However, GCS only represents the level of
consciousness.

Unfortunately, none of ICP, NIHSS, mRS or GCS were sufficient to represent an overall severity of CVT. Therefore,
a new scale which represents an overall severity of CVT will be essential. The aim of this study is to develop and validate
a proper CVT severity scale. In this study, the CVT severity scale was designed based on NIHSS. Original items of

NIHSS were preserved, and new items were added to make it more suitable for CVT.

Scale Development
Methods

Literature Review

A literature review was conducted to gather the clinical manifestations of CVT. Two independent investigators (Min Li
and Nanbu Wang) carefully searched MEDLINE, EMBASE, Web of Science, Cochrane Controlled Trials Register
Database, Scopus and Google Scholar from January 1966 to December 2021 by using the following keywords
“symptom” or “sign” or “presentation” or “manifestation” in combination with “cerebral venous thrombosis” or “venous
sinus thrombosis” or “cortical venous thrombosis” or “cavernous sinus thrombosis”. Clinical manifestations which were
not included in NIHSS were recorded.

Focus Group Discussion

New items were generated and delivered to a focus group with 5 experts (2 neurologists, 1 neurosurgeon, 1 epidemiol-
ogist, 1 ophthalmologist) to discuss whether the items were relevant, understandable and unambiguous. Items with an
endorsement rate higher than 0.6 were added. The weighting score of each enrolled item was related to its clinical
importance.

Results

Except for the clinical manifestations included in NIHSS, ophthalmoplegia, epilepsy, headache, nausea, vomiting,
decreased visual acuity, papilledema, tinnitus, vertigo, hearing loss, mental disorder and neck discomfort were the
most frequent clinical manifestations of CVT after a literature review. In the CVT severity scale, items 1-11 were directly
derived from NIHSS. Seven new items including epilepsy, headache, tinnitus, papilledema, ophthalmoplegia, mental
disorder and neck discomfort were added and graded (items 12—18) whereas 5 new items (nausea, vomiting, decreased
visual acuity, vertigo and hearing loss) were discarded in focus group discussion. Items 12—14 (epilepsy, headache and
tinnitus) was scored on a 4-point scale (0-3) whereas item 15 (papilledema) was scored on a 5-point scale (0—4). Items
16-18 (ophthalmoplegia, mental disorder and neck discomfort) are offered with three options (0-2). The final CVT
severity scale is shown in Table 1.

Discussions
We successfully established a CVT severity scale with 18 items. Items 1-11 were directly inherited from NIHSS. Items
12-18 were new items.

The acute symptomatic seizures after arterial stroke account for 4% of all patients.'® In comparison to arterial stroke,
acute symptomatic seizures occur in 35-50% of CVT patients.'” These seizures more commonly occur in CVT patients
with structural lesions.'” Therefore, epilepsy was added as item 12.

In patients with CVT, IH is a very common presentation.'® Headache, tinnitus and papilledema are a triad of IH."
They were added as item 13—15. Heckmann JG et al** and Visvanathan V et al*' reported that cavernous sinus thrombosis
may also result in enlarged ophthalmic veins and thereby lead to papilledema. Either IH or cavernous sinus thrombosis
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Table | Severity Scale for Cerebral Venous Thrombosis

Items
IA | Level of Consciousness 0 = Alert; keenly responsive.
I = Not alert, but arousable by minor stimulation to obey, answer or respond.
2 = Not alert, requires repeated stimulation to attend, or is obtunded and requires strong or painful stimulation
to make movements.
3 = Responds only with reflex motor or autonomic effects or totally unresponsive, flaccid, areflexic.
IB | Level of Consciousness 0 = Answer both questions correctly.
Questions | = Answer one question correctly.
2 = Answer neither question correctly.
IC | Level of Consciousness 0 = Perform both tasks correctly.
Commands | = Perform one task correctly.
2 = Perform neither task correctly.
2 Best Gaze 0 = Normal.
| = Partial gaze palsy.
2 = Forced deviation, total gaze paresis not overcome by the oculocephalic maneuver.
3 Visual Field 0 = No visual loss.
| = Partial hemianopia.
2 = Complete hemianopia.
3 = Bilateral hemianopia, blindness.
4 Face Palsy 0 = Normal symmetrical movement.
| = minor paralysis; flattened nasolabial fold, asymmetry on smiling.
2 = partial paralysis; total or near total paralysis of lower face.
3 = complete paralysis of one or both sides; absence of facial movement in the upper and lower face.
5A | Motor Left Arm 0 = No drift; limb holds 90 (or 45) degrees for full 10 seconds.
| = Drift; limb holds 90 (or 45) degrees, but drifts down before full 10 seconds; does not hit bed or other
support.
2 = Some effort against gravity; limb cannot get to or maintain 90 (or 45) degrees, drifts down to bed, but has
some effort against gravity.
3 = No effort against gravity; limb falls.
4 = No movement.
5B | Motor Right Arm 0 = No drift; limb holds 90 (or 45) degrees for full 10 seconds.
| = Drift; limb holds 90 (or 45) degrees, but drifts down before full 10 seconds; does not hit bed or other
support.
2 = Some effort against gravity; limb cannot get to or maintain 90 (or 45) degrees, drifts down to bed, but has
some effort against gravity.
3 = No effort against gravity; limb falls.
4 = No movement.
6A | Motor Left Leg 0 = No drift; leg holds 30 degrees for full 5 seconds.
| = Drift; leg falls by the end of the 5 second period, but does not hit bed.
2 = Some effort against gravity; leg falls to bed by 5 seconds, but has some effort against gravity.
3 = No effort against gravity; leg falls to bed immediately.
4 = No movement.
6B | Motor Right Leg 0 = No drift; leg holds 30 degrees for full 5 seconds.
| = Drift; leg falls by the end of the 5 second period, but does not hit bed.
2 = Some effort against gravity; leg falls to bed by 5 seconds, but has some effort against gravity.
3 = No effort against gravity; leg falls to bed immediately.
4 = No movement.
(Continued)
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Table 1 (Continued).

Items
7 Limb Ataxia 0 = Absent.
| = Present in one limb.
2 = Present in two limbs.
8 Sensory 0 = Normal; no sensory loss.
| = Mild to moderate sensory loss; patient feels pinprick is less sharp or dull on the affected side, or there is
a loss of superficial pain with pinprick but patient is aware of being touched.
2 = Severe or total sensory loss; patient is not aware of being touched in the face, arm and leg.
9 Best Language 0 = Normal; no aphasia.

| = Mild to moderate aphasia; some obvious loss of fluency or facility of comprehension without significant
limitation on ideas expressed or form of expression, reduction of speech and/or comprehension makes
conversation about provided material difficult or impossible.

2 = Severe aphasia; all communication is through fragmentary expression, great need for inference, questioning
and guessing by the listener, range of information that can be exchanged is limited, listeners carries burden of
communication, examiner cannot identify materials provided from patient response.

3 = Mute or global aphasia; no usable speech or auditory comprehension.

10 | Dysarthria 0 = Normal; no dysarthria.
| = Mild to moderate dysarthria; patient slurs at least some words and at worst can be understood with some
difficulty.
2 = Severe dysarthria; patient’s speech is so blurred as to be unintelligible in the absence of or out of proportion
to any dysphasia, or is mute.
Il | Extinction and Inattention | 0 = Normal.
| = Visual, tactile, auditory, spatial or personal inattention or extinction to bilateral simultaneous stimulation in
one of the sensory modalities.
2 = Profound hemi-inattention or hemi-inattention to more than one modality, does not recognize own hand or
orients to only one side of space.
12 | Epilepsy 0 = Normal.
| = Focal epilepsy.
2 = Generalized epilepsy.
3 = Status epilepticus.
I3 | Headache 0 = Normal.
| = Mild; intermittent, bearable.
2 = Moderate headache; persistent, bearable, concomitant with nausea and/or vomiting.
3 = Severe headache; persistent, unbearable, concomitant with nausea and/or projectile vomiting.
14 | Tinnitus 0 = Normal.
| = Mild tinnitus; intermittent.
2 = Moderate tinnitus; persistent, can only be heard in quiet environment.
3 = Severe tinnitus; persistent, can be heard in noisy environment, concomitant with vertigo or hearing loss.
15 | Papilledema 0 = Normal.
| = C-shaped halo with a temporal gap.
2 = Circumferential halo.
3 = Loss of major vessels on the optic disc.
4 = Obscuration of all vessels on the optic disc.
16 | Ophthalmoplegia 0 = Normal.
I = Unilateral ophthalmoplegia.
2 = Bilateral ophthalmoplegia.
(Continued)
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Table | (Continued).

Items
17 | Mental disorders 0 = Normal.
= mild; can be persuaded.
2 = severe; cannot be persuaded.
18 | Neck discomfort 0 = Normal.
| = Pain, but no stiff neck.
2 = Stiff neck.

may give rise to papilledema. Frisen grade was widely used for rating papilledema as previously described.”” Grades in
item 15 (papilledema) was designed based on Frisen grade.

The third, fourth and sixth cranial nerve palsy may occur in the presence of cavernous sinus thrombosis.** Cavernous
sinus thrombosis may involve unilateral or bilateral cavernous sinus.”* In addition, IH may lead to unilateral or bilateral
sixth cranial nerve palsy?**> Thus, ophthalmoplegia was added as item 16.

Nzwalo H et al*® reported that mental disorder was the predominant initial manifestations of CVT. A series of studies
also revealed that mental disorders predicted unfavorable clinical outcome in CVT patients.”’** Therefore, mental
disorder was added as item 17. Neck pain and stiffness were reported in CVT-induced hemorrhagic venous infarction and
acute subarachnoid hemorrhage.? ' In the CVT severity scale, neck discomfort was added as item 18.

As known, nausea and vomiting are secondary symptoms of headache in CVT patients.® Decreased visual acuity is
the secondary symptom of papilledema.'® For this reason, nausea, vomiting and decreased visual acuity were discarded
in focus group discussion. Pons et al** conducted a systemic review and found that hearing loss and vertigo occurred in
association with tinnitus in CVT patients. Therefore, hearing loss and vertigo were discarded in focus group discussion.

Scale Validation
Methods

Subject Recruitment

CVT patients were prospectively recruited from 26 top tertiary hospitals in China Mainland (CCC cohort, NCT
03919305) from January 2021 to May 2022. The inclusion criterion was neuroimaging (magnetic resonance venography,
computed tomography venography, magnetic resonance black-blood imaging and digital subtraction angiography)
confirmed CVT as previously described.'® This study was conducted in accordance with the Declaration of Helsinki
(as revised in 2013) and approved by the ethics committee of Xuanwu Hospital (2019[006]). All participants signed an
informed consent form.

Data Collection

The CVT severity scale, NIHSS, mRS and GCS were rated by the attending doctor at admission. The lumbar puncture
opening pressure was recorded as ICP. An ICP > 250 mmH20 was defined as IH.*>* Twenty randomly selected CVT
patients were rated with the CVT severity scale again 24 hours later. The clinical outcome of CVT was evaluated by mRS
at 6 months after baseline. mRS of 0-2 was classified as good outcome, and mRS of 36 was classified as poor outcome.®
Statistical Analysis

The factorability of the correlation matrix was assessed by using Kaiser—Meyer—Olkin (KMO) measure of sampling
adequacy and Bartlett’s test of sphericity. Exploratory factor analysis was performed with 4 factors to determine the
structural validity of the scale. Factors were interpreted when loadings were greater than 0.3. Intercorrelation between
continuous variables was assessed by Pearson correlation coefficient. Comparison between two groups of continuous data
was assessed by independent ¢-test. The sensitivity, specificity, cutoff value and area under curve were calculated using
receiver operating characteristic (ROC) curves. Internal consistency was analyzed by Cronbach’s a coefficient. Test—
retest reliability was analyzed by repeated measurement. Continuous data were expressed as mean + SEM. Dichotomous
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data were expressed as number (percentage). A p value <0.05 was considered statistically significant. SPSS (Version
19.0, Chicago, IL, USA) and GraphPad Prism (Version 5.0, La Jolla, CA, USA) were used for all statistical analyses.

Results

A total of 170 CVT patients were recruited to validate the CVT severity scale. The demographic features and clinical
manifestations of CVT patients were shown in Table 2. The KMO measurement of sampling adequacy was 0.86, and the
Bartlett’s test of sphericity was significant (32 = 1930.99, P < 0.001). Exploratory factor analysis (Table 3) showed factor

Table 2 Baseline Characteristics and Clinical Manifestations of

Patients with Cerebral Venous Thrombosis

Characteristics

CVT Patients (N = 170)

Age

35.7x1.0

Gender (male)

75 (44.1%)

Clinical manifestations

Decreased level of consciousness

15 (8.8%)

Gaze palsy

2 (1.2%)

Visual field defect

3 (1.8%)

Facial Palsy

20 (11.8%)

Arm weakness

44 (25.6%)

Leg weakness

44 (25.6%)

Limb ataxia 3 (1.8%)
Sensory loss 16 (9.4)
Aphasia 17 (10.0%)
Dysarthria 5 (2.9%)
Extinction and Inattention 4 (2.4%)
Epilepsy 45 (26.5%)
Headache 158 (92.9%)
Nausea 95 (55.9%)
Vomiting 82 (48.2%)
Papilledema 77 (45.3%)
Decreased visual acuity 68 (40%)
Tinnitus 14 (8.2%)
Vertigo 3 (1.8%)
Hearing decline 2 (1.2%)
Ophthalmoplegia 17(10%)
Mental disorders 5 (2.9%)
Neck discomfort 22 (12.9%)
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Table 3 Rotated Factor Loadings for the Severity Scale

Items Factor | Factor 2 Factor 3 Factor 4

(Focal Neurological (Diffuse (Intracranial (Cavernous Sinus
Deficits) Encephalopathy) | Hypertension) Syndrome)

Level of consciousness 0.856

Gaze palsy 0.8I15

Visual field 0.764

Facial Palsy 0.856

Motor arm 0.881

Motor leg 0.894

Limb ataxia 0.583

Sensory 0.872

Best language 0.886

Dysarthria 0.893

Extinction and Inattention 0.844

Epilepsy 0.424

Headache 0.445

Tinnitus 0.443

Papilledema 0.735 0.356

Ophthalmoplegia 0.796

Mental disorders 0.532

Neck discomfort 0.572

1 (focal neurological deficits) shared items 1-12. Factor 2 (diffuse encephalopathy) shared item 17 and 18. Factor 3 (IH)
shared items 13—15. Factor 4 (cavernous sinus syndrome) shared item 15 and 16.

Pearson correlation analysis was performed to compare the CVT severity scale with ICP, NIHSS, mRS and GCS at
baseline. Remarkably, the CVT severity scale is positively correlated with ICP (Figure 1A, R* = 0.046, p = 0.013),
NIHSS (Figure 1B, R* = 0.952, p < 0.001) and mRS (Figure 1C, R* = 0.491, p < 0.001), respectively. In addition, the
CVT severity scale is negatively correlated with GCS (Figure 1D, R* = 0.690, p < 0.001).

CVT severity scale of 3.5 was calculated as a cutoff value to predict IH with a sensitivity of 81.11% and specificity of
54.76% (Figure 2A, AUC = 0.6964, p < 0.001). It is suggested that the CVT severity scale >3 indicated the presence of
IH. Further analysis revealed that patients with CVT severity scale >3 suffered from higher ICP compared with those
with CVT severity scale <3 (Figure 2B, p < 0.001). Factor 3 (IH) of 2.5 was also identified as a cutoff value to predict IH
with a sensitivity of 73.33% and specificity of 88.1% (Figure 2C, AUC = 0.8460, p < 0.001). It is suggested that factor 3
>2 indicated the presence of [H. Further analysis revealed that patients with factor >2 suffered from higher ICP compared
with those with factor <2 (Figure 2D, p < 0.001).

Results from ROC curve also showed that the CVT severity scale >10.5 indicated mRS >2 at 6 months of follow-up
(Figure 3A, AUC = 0.6818, p = 0.0368). It is suggested that the CVT severity scale >10 independently predicts poor
clinical outcome. mRS in patients with CVT severity scale >10 is significantly lower than those with CVT severity scale
<10 (Figure 3B, p = 0.001).
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Figure | The CVT severity scale is positively correlated with ICP, NIHSS and mRS (A—C), and negatively correlated with GCS (D) at baseline.
Abbreviations: CVT, cerebral venous thrombosis; ICP, intracranial pressure; NIHSS, National Institutes of Health Stroke Scale; mRS, modified Rankin scale; GCS, Glasgow

Coma Scale.

Cronbach’s a coefficient for total score was 0.829, showing that CVT severity scale exhibited a high internal
consistency. No significant difference was found between the first and the second test, showing a high test-retest

reliability (F = 0.063, p = 0.805).

Discussions
It is challenging to clinically diagnose CVT since it may manifest in a wide range of nonspecific clinical signs.

Neuroimaging is therefore essential for the diagnosis of CVT.>* CVT patients were enrolled in this investigation after
neuroimaging confirmation using either magnetic resonance venography, computed tomography venography, magnetic
resonance black-blood imaging, or digital subtraction angiography.

Results from KMO measurement of sampling adequacy and the Bartlett’s test of sphericity showed that the CVT
severity scale is suitable for exploratory factor analysis. Results from exploratory factor analysis revealed that 4 factors
(focal neurological deficits, diffuse encephalopathy, IH and cavernous sinus syndrome) shared items 1-18. Each factor
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Figure 2 ROC curve showed that the CVT severity scale > 3.5 indicated IH (A). Further analysis revealed that patients with CVT severity scale > 3 suffered from higher ICP
compared with those with CVT severity scale < 3 (B). Factor 3 (IH) > 2.5 also indicated IH (C). Further analysis revealed that patients with factor > 2 suffered from higher
ICP compared with those with factor < 2 (D). * p < 0.05.

Abbreviations: ROC, receiver operating characteristic; CVT, cerebral venous thrombosis; IH, intracranial hypertension; ICP, intracranial pressure.

shared at least 2 items. It is suggested that the CVT severity scale covered four domains of the clinical manifestations
of CVT.

ICP, NIHSS, mRS and GCS were widely used to evaluate the severity of a certain aspect of CVT in substantial
researches.*”” It is noteworthy that CVT severity scale was positively correlated with ICP, NIHSS and mRS, and
negatively correlated with GCS at baseline. It is demonstrated that the CVT severity scale correlates well with all the
existing scales.

In this study, we found that the CVT severity scale >3 or factor 3 >2 indicated IH. However, factor 3 showed higher
sensitivity and specificity than the whole CVT severity scale. By evaluating factor 3, clinicians will be able to predict
whether CVT patients suffered from IH prior to lumbar puncture.

Our results also showed that the CVT severity scale >10 indicated poor clinical outcome at 6 months of follow-up.
Patients with CVT severity scale >10 had significantly lower mRS than those with CVT severity scale <10 at 6 months of
follow-up. Therefore, severe CVT can be defined as CVT severity scale >10.

Cronbach’s a coefficient and repeated measurement showed a high internal consistency and test-retest reliability.
However, the limitation to this study is the relatively small sample size.
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Figure 3 ROC curve showed that the CVT severity scale > 10.5 indicated mRS > 2 at 6 months of follow-up (A). mRS in patients with CVT severity scale > 10 is
significantly lower than those with CVT severity scale < 10 (B). * p < 0.05.
Abbreviations: ROC, receiver operating characteristic; CVT, cerebral venous thrombosis; mRS, modified Rankin Scale.

Conclusions

We established a CVT severity scale with 18 items encompassing 4 domains of focal neurological deficits, diffuse
encephalopathy, IH and cavernous sinus syndrome. The CVT severity scale was positively correlated with ICP, NIHSS
and mRS, and negatively correlated with GCS at baseline. The CVT severity scale >3 or factor 3 >2 indicated IH. The
CVT severity scale >10 indicated poor clinical outcome at 6 months of follow-up and can be defined as severe CVT.
Therefore, the CVT severity scale may serve as a valid and reliable tool for measuring the overall severity of CVT.
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