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A B S T R A C T 
Background: Cerebral venous sinus thrombosis (CVST) may initially resemble isolated cranial 
neuropathy; papilledema can appear later. 
Objective: To describe the 30-month neuro-ophthalmic course, imaging findings, treatment 
and contralateral relapse in one patient. 
Methods: A 26-year-old man treated from December 2023 to June 2026 underwent serial 
visual acuity, pupillary, spectral-domain optical coherence tomography (SD-OCT), 24-2 
perimetry, MRI/MRV and digital subtraction angiography (DSA) assessments. 
Result: He first presented with pupil-involving left oculomotor palsy and headache despite 
initially unrevealing CT and MRI/MRA. Ten months later, MRI suggested right sigmoid sinus 
thrombosis with left transverse-sigmoid sinus hypoplasia; DSA confirmed CVST. Four weeks 
after anticoagulation began, bilateral Frisén grade 5 papilledema developed (peak retinal 
nerve fiber layer thickness 412 μm OD and 445 μm OS; visual acuity 6/19 OU). Rivaroxaban, 
pulse methylprednisolone and acetazolamide were followed by complete recanalization, 
70.5% regression of retinal nerve fiber layer edema and restoration of 6/6 acuity in both eyes. 
At month 28, right cavernous pachymeningitis occurred without sinus re-thrombosis and 
responded to corticosteroids. 
Conclusion: CVST can present as isolated oculomotor palsy before papilledema. DSA can 
resolve discordant noninvasive imaging, and prolonged follow-up can identify inflammatory 
relapse. 

 
1. Introduction 

Cerebral venous sinus thrombosis (CVST) is an uncommon 
cerebrovascular emergency, accounting for approximately 0.5% 
to 1.0% of all hospital-admitted strokes worldwide.1-3 The 
pathological hallmark of CVST involves the intraluminal 
formation of an obstructive thrombus within the major dural 
venous sinuses, superficial cortical veins, or deep cerebral venous 
collectors, leading to an abrupt impediment of cerebral venous 
outflow.2,3 This outflow obstruction triggers a cascade of 
pathophysiological events characterized by retrograde venous 
hypertension, capillary engorgement, microvascular ischemia, 
and disruption of the blood-brain barrier.2-4 Unlike classical 
arterial occlusive strokes, which typically present with 
stereotyped, abrupt, and territorial focal neurological deficits, 
CVST manifests with extraordinarily heterogeneous and 
fluctuating clinical presentations, frequently masquerading as 
benign primary headache disorders, pseudotumor cerebri, 
intracranial space-occupying lesions, or isolated cranial 
neuropathies.3,4 

From an epidemiological standpoint, CVST exhibits a 
pronounced predilection for young adults, with women of 
reproductive age traditionally outnumbering men by an 
estimated ratio of three to one due to hyperestrogenic and 
prothrombotic triggers, such as oral contraceptive usage, 
pregnancy, the puerperium, and hormone replacement 

therapy.5,6 Nonetheless, a substantial subset of cases occurs in 
young men and individuals lacking conventional systemic 
thrombophilic risk factors.5,6 In this non-traditional demographic, 
localized infectious, structural, and inflammatory processes play 
an under-recognized yet decisive etiological role.6,7 Sinusitis 
involving the adjacent paranasal structures—most notably 
chronic ethmoidal and sphenoidal disease—as well as middle ear 
and mastoid infections, can propagate directly across the thin 
bony architecture and valveless emissary diploic veins to the 
dural venous walls, inducing a localized infective 
thrombophlebitis or sterile endothelial inflammatory reaction 
that precipitates venous thrombosis.6,7 

Neuro-ophthalmic manifestations represent both early 
diagnostic signs and markers of disease severity in CVST.8-10 
Impairment of cerebral venous drainage elevates intracranial 
venous pressure, directly impeding cerebrospinal fluid (CSF) 
filtration through the arachnoid villi into the superior sagittal and 
transverse sinuses, thereby engendering secondary intracranial 
hypertension.2,8 Although papilledema is reported in 28% to 45% 
of patients and visual symptoms in up to 50% of cohorts, cranial 
nerve involvement remains a diagnostic dilemma.8-10 Diplopia is 
most frequently attributed to an isolated abducens nerve (CN VI) 
palsy secondary to the non-localizing stretching of the nerve 
along the petroclival ligament in the setting of raised intracranial 
pressure.9,10 Conversely, non-abducens cranial neuropathies, 
particularly isolated oculomotor nerve (CN III) or trochlear nerve 
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(CN IV) palsies, are exceedingly rare, occurring in fewer than 2% 
to 3% of CVST presentations.9-11 When present with complete 
pupillary involvement and ptosis, these presentations closely 
mimic compressive posterior communicating artery (PCoA) 
aneurysms, cavernous sinus syndromes, orbital apex lesions, or 
Tolosa-Hunt syndrome, creating profound diagnostic confusion 
and delaying timely therapeutic anticoagulation.9-12 

The failure of noninvasive neuroimaging modalities during 
the early phase of CVST further magnifies this clinical 
challenge.13,14 Non-contrast head computed tomography (NCCT), 
while ubiquitous as the initial emergency imaging workup, 
demonstrates notoriously poor sensitivity (30%–35%), 
frequently missing early intraluminal clots and exhibiting normal 
brain parenchyma.13,14 Magnetic resonance imaging (MRI) paired 
with magnetic resonance venography (MRV) is widely 
considered the first-line noninvasive diagnostic standard; 
however, flow-related artifacts, partial sinus recanalization, in-
plane flow saturation, and normal anatomical variants—
particularly congenital transverse sinus hypoplasia or aplasia—
can confound radiological interpretation.13-15 Under ambiguous 
or refractory clinical circumstances, biplane digital subtraction 
angiography (DSA) with dedicated late venous-phase acquisition 
remains the definitive diagnostic gold standard, capable of 
resolving subtle intraluminal filling defects, evaluating collateral 
dural outflow networks, and directly measuring venous sinus 
trans-stenotic pressure gradients.13,15 

Delayed papilledema further complicates diagnosis.8,16 
Intracranial hypertension and optic disc swelling may not 
manifest concurrently with initial neurological symptoms; rather, 
they may emerge in an insidiously delayed fashion weeks or 
months following disease onset, even after the initiation of 
systemic anticoagulation.8,16 When an anatomical bottleneck—
such as congenital hypoplasia of the contralateral transverse 
sinus—restricts cerebral venous outflow reserve, progressive or 
recurrent thrombosis of the dominant sinus induces profound 
venous hypertension that retrogradely transmits into the 
perioptic subarachnoid space.16-18 This compartment pressure 
exceeds retrograde axoplasmic flow thresholds, triggering 
circumferential optic disc swelling, peripapillary retinal nerve 
fiber layer (RNFL) edema, and irreversible visual field loss if not 
recognized and decompressed promptly.8,17,18 

We report a 30-month longitudinal case of a 26-year-old 
previously healthy male who presented initially with acute pupil-
involving oculomotor nerve palsy masking as compressive 
aneurysm or idiopathic pachymeningitis, developed verified right 
sigmoid sinus CVST on an anatomical backdrop of congenital 
contralateral transverse sinus hypoplasia confirmed by DSA, 
subsequently suffered severe delayed bilateral Frisén grade 5 
papilledema requiring intensive multidisciplinary management, 
achieved complete clinical, tomographic, and angiographic 
recanalization, and ultimately experienced a contralateral 
cavernous relapse with long-term structural and functional 
restitution.19 

From a molecular and cellular standpoint, the initiation of 
dural venous sinus thrombosis is governed by a dynamic triad of 
endothelial disruption, turbulent or sluggish microvascular blood 
flow, and localized hypercoagulability (Virchow's triad).2,20 In the 
context of adjacent paranasal sinusitis or chronic mastoiditis, 
inflammatory cytokines (including interleukin-1β [IL-1β], tumor 
necrosis factor-α [TNF-α], and interleukin-6 [IL-6]) diffuse 
through emissary veins, downregulating local endothelial 
thrombomodulin and endothelial protein C receptor (EPCR) 
expression while promoting tissue factor upregulation and von 
Willebrand factor release.7,20 This prothrombotic 
microenvironment initiates platelet activation and thrombin 
generation within the low-shear venous sinuses.20 Because the 
dural sinuses lack venous valves, retrograde transmission of 
elevated venous pressures directly impairs intracranial 
microvascular perfusion, causing capillary congestion, disruption 
of the blood-brain barrier, and breakdown of tight junction 

proteins (occludin, claudin-5, and ZO-1), precipitating vasogenic 
cerebral edema and focal neurological deficits.2,7,20 
Understanding these mechanistic intricacies is essential for early 
diagnosis and tailored multidisciplinary therapy. 

2. Methods 

Study design and ethics 
This longitudinal case report involved tracking the 30-month 

neuro-ophthalmic, radiological, and therapeutic trajectory of a 
complex, recurrent CVST patient evaluated at the Neuro-
Ophthalmology and Cerebrovascular Divisions of Prof. Ngoerah 
General Hospital / Faculty of Medicine, Universitas Udayana, 
Denpasar, Bali, Indonesia, between December 2023 and June 
2026.21 Formal institutional ethical clearance was reviewed and 
granted by the CMHC Research Center, Indonesia (Approval Ref: 
2023/118). All clinical procedures, diagnostic imaging 
modalities, and interventional therapies complied rigorously 
with the ethical principles of the Declaration of Helsinki (1964 
and its subsequent amendments) and adhered strictly to the 
STROBE (Strengthening the Reporting of Observational Studies in 
Epidemiology) and CARE (Consensus-based Clinical Case 
Reporting Guideline) reporting standards.21 Written, informed, 
voluntary consent was obtained from the patient for longitudinal 
clinical tracking, serial imaging acquisition, and publication of de-
identified medical photography. 

Clinical neuro-ophthalmic assessments 
Serial clinical assessments were conducted across five 

predefined clinical milestones: Phase 1 (Baseline Acute 
Presentation, December 2023, T0–T1); Phase 2 (CVST 
Confirmation & Relapse, October 2024, T2); Phase 3 (Fulminant 
Delayed Papilledema, November 2024, T3); Phase 4 (Therapeutic 
Recanalization & Recovery, January–June 2025, T4); and Phase 5 
(Contralateral Cavernous Relapse & Long-term Endpoint, April–
June 2026, T5). Best-corrected visual acuity (BCVA) was 
quantified under standardized photopic illumination (85 cd/m²) 
using standard Snellen projection charts and converted to 
logarithm of the minimum angle of resolution (LogMAR) units for 
rigorous mathematical analysis.21 Marginal reflex distance 1 
(MRD1) was measured in millimeters using a calibrated 
millimeter rule with the patient's eyes in primary gaze, and 
levator palpebrae superioris muscle excursion was recorded 
from maximum downgaze to maximum upgaze while firmly 
immobilizing the frontalis muscle.21 Pupillary examination 
encompassed baseline static photopic and scotopic pupillometry 
(mm), dynamic direct and consensual light reflexes (graded 0 to 
4+), and swinging-flashlight test to quantify relative afferent 
pupillary defects (RAPD, graded I to IV).21 Ocular motility was 
mapped across all cardinal gazes (ductions and versions) with 
quantitative degree charting and subjective diplopia scoring 
using the Red Glass and Hess screen tests.22 Headache severity 
was graded using the 11-point Numerical Rating Scale (NRS-11) 
and classified according to the International Classification of 
Headache Disorders (ICHD-3).22 

Fundus photography and SD-OCT 
Direct and indirect funduscopy was performed following 

pharmacological mydriasis (tropicamide 1.0% and 
phenylephrine 2.5%) and documented with 50-degree high-
resolution digital color fundus photography (Canon CR-2 Plus AF, 
Canon Inc., Tokyo, Japan). Optic disc swelling was graded 
according to the modified Frisén staging scale (Grades 0 to 5).23 
Peripapillary retinal nerve fiber layer (RNFL) thickness and 
neuroretinal rim architecture were quantitatively analyzed using 
high-speed spectral-domain optical coherence tomography (SD-
OCT, Spectralis OCT, Heidelberg Engineering, Heidelberg, 
Germany; and Cirrus HD-OCT 5000, Carl Zeiss Meditec, Dublin, 
CA, USA).24 A standard 3.45-mm peripapillary circular scan 
centered on the optic nerve head (high-speed mode, 768 A-scans, 
automated real-time averaging ART = 16) was executed to 
measure global average RNFL thickness (μm) as well as four 
quadrant (superior, inferior, nasal, temporal) and six sectorial 
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subdivisions.24 Volume scans (20° × 20°, 49 B-scans) were 
acquired to assess neuroretinal volume and peripapillary edema 
distribution.24 Serial tomographic scans were registered using 
automated eye-tracking software to ensure exact topographical 
alignment across all longitudinal milestones.25 

Visual field perimetry 
Visual field sensitivity was evaluated using the Humphrey 

Field Analyzer 3 (HFA3, Carl Zeiss Meditec, Dublin, CA, USA) 
utilizing the standard Central 24-2 threshold program with the 
Swedish Interactive Threshold Algorithm (SITA-Standard) and a 
Goldmann size III white stimulus on a 31.5-asb background.21 
Perimetric reliability criteria were strictly enforced: fixation 
losses < 20%, false-positive errors < 15%, and false-negative 
errors < 15%. Quantitative perimetric indices—including Mean 
Deviation (MD, dB), Pattern Standard Deviation (PSD, dB), and 
Visual Field Index (VFI, %)—were tracked longitudinally to 
correlate structural RNFL changes with functional visual 
deficits.25 

Neurovascular imaging and DSA 
Neuroimaging workup comprised non-contrast head CT (64-

slice Somatom Definition AS, Siemens Healthineers, Erlangen, 
Germany; 1.0-mm slice reconstruction); contrast-enhanced 3.0-
Tesla brain MRI (Magnetom Skyra, Siemens Healthineers) 
incorporating axial T1-weighted, T2-weighted, T2-FLAIR, 
diffusion-weighted imaging (DWI with ADC maps), coronal T2, 
and 3D contrast-enhanced MPRAGE sequences; and 3D time-of-
flight MR angiography (MRA) and contrast-enhanced MR 
venography (MRV).14,26 When noninvasive imaging yielded 
ambiguous or discordantly negative findings despite profound 
neuro-ophthalmic deficits, digital subtraction angiography (DSA) 
was executed via transfemoral catheterization using a biplane 
neuroangiography suite (Artis zee biplane, Siemens 
Healthineers).13,26 Cerebral selective catheterization of both 
internal carotid arteries, external carotid arteries, and dominant 
vertebral arteries was performed with timed arterial, capillary, 
parenchymal, and delayed late venous-phase acquisitions (6–10 
frames/sec) to inspect transverse, sigmoid, straight, and 
cavernous sinuses, internal jugular veins, and retrograde cortical 
collaterals.13,26 

Laboratory and thrombophilia assessment 
Serial laboratory assays were conducted across all disease 

milestones.27 Comprehensive hematological workup included 
complete blood counts, erythrocyte sedimentation rate (ESR, 
Westergren method, mm/1st hour), high-sensitivity C-reactive 
protein (hs-CRP, immunoturbidimetric assay, mg/L), renal and 
hepatic panels, serum electrolytes, blood glucose, and urinalysis. 
Coagulation and thrombophilia profiles comprised prothrombin 
time (PT), international normalized ratio (INR), activated partial 
thromboplastin time (aPTT), quantitative plasma D-Dimer 
(ELISA, μg/mL FEU), fibrinogen, antithrombin III activity, Protein 
C and Protein S functional activities, and activated protein C 
resistance.27 Autoimmune and vasculitic screening included 
antinuclear antibodies (ANA, indirect immunofluorescence on 
HEp-2 cells), anti-double-stranded DNA (anti-dsDNA), 
antineutrophil cytoplasmic antibodies (p-ANCA and c-ANCA), 
rheumatoid factor, and complement levels (C3, C4). 
Antiphospholipid syndrome (APS) serologies encompassed 
Lupus Anticoagulant (dRVVT screen/confirm ratio), 
anticardiolipin IgG/IgM (ELISA), and anti-β2-glycoprotein-I 
IgG/IgM antibodies. Infectious serologies ruled out HIV-1/2, 
hepatitis B/C, Treponema pallidum (VDRL/TPHA), and 
Mycobacterium tuberculosis (IGRA / QuantiFERON-TB Gold 
Plus). Lumbar puncture opening pressure and CSF analysis were 
obtained at clinical indication.27 

Multidisciplinary treatment 
Medical interventions were titrated according to 

international evidence-based guidelines and institutional 
multidisciplinary consensus between Neuro-Ophthalmology, 
Stroke Neurology, Interventional Neuroradiology, and 

Otorhinolaryngology.21,28-30 Therapeutic modalities encompassed 
therapeutic anticoagulation with direct oral Factor Xa inhibitors 
(Rivaroxaban 20 mg once daily orally); high-dose intravenous 
pulse methylprednisolone (1.0 g daily for 3–5 days) followed by 
slow oral prednisone tapering (1.0 mg/kg/day tapered by 5–10 
mg every 2 weeks); carbonic anhydrase inhibition with oral 
acetazolamide (250 mg three to four times daily, up to 1,000–
1,500 mg/day) combined with potassium supplementation for 
intracranial hypertension; neuroprotective citicoline (1,000 
mg/day); codeine and paracetamol for pain control; and targeted 
paranasal sinus decongestion and nasal mucosal care.28-30 

3. Results 

Baseline presentation (December 2023) 
On December 2, 2023 (Phase 1, T0), a 26-year-old previously 

healthy male presented to the Emergency Department of Prof. 
Ngoerah General Hospital with acute-onset binocular diplopia, 
severe left-sided blepharoptosis, retro-orbital pain, photophobia, 
blurred vision in the left eye, and a progressively throbbing 
holocranial headache radiating to the occiput and nape of the 
neck. The headache had intensified over the preceding two 
weeks, accompanied by episodic nausea and projectile vomiting. 
One week prior to the onset of neurological symptoms, he had 
experienced purulent nasal congestion and frontal facial 
heaviness, managed empirically as acute rhinosinusitis by the 
Otorhinolaryngology service. He possessed no prior history of 
systemic hypertension, diabetes mellitus, cigarette smoking, 
alcohol dependency, illicit substance use, head trauma, 
prothrombotic disorders, or familial coagulopathy. 

As illustrated in Figure 1, the clinical facial photograph at 
initial presentation demonstrated acute left blepharoptosis and 
pronounced pupil-involving mydriasis (Figure 1A). Nine-gaze 
ocular motility testing revealed severe restriction of elevation, 
depression, and adduction in the left eye (Figure 1B), 
corresponding to a severe quantitative motility deficit profile 
(Figure 1C). Furthermore, as detailed in Table 1, the longitudinal 
trajectory across five discrete clinical phases documented an 
initial best-corrected visual acuity of 6/6 (LogMAR 0.00) in the 
right eye and 6/9 (LogMAR 0.18, with no pinhole gain) in the left 
eye. External examination confirmed severe left ptosis with a 
marginal reflex distance 1 (MRD1) of -1.0 mm and poor levator 
palpebrae function of 6 mm, compared to an MRD1 of +4.0 mm 
and levator excursion of 15 mm in the right eye (Table 1). 
Pupillary examination revealed marked anisocoria: the right 
pupil measured 3.0 mm with brisk direct and consensual light 
reflexes (4+), whereas the left pupil was dilated at 8.0 mm and 
completely unreactive to direct and consensual light stimulation 
(0; Figure 1A, Table 1). Force Generation Testing (FGT) confirmed 
significant paresis of the left superior rectus, medial rectus, and 
inferior rectus muscles, with intact left lateral rectus excursion 
(intact abducens nerve) and intact superior oblique intorsion 
(intact trochlear nerve). Confrontation visual field testing, 
Ishihara pseudoisochromatic color vision testing (14/14 plates 
OU), and trigeminal nerve (V1–V3) sensory testing were entirely 
normal. Dilated funduscopy at baseline demonstrated crisp, 
distinct optic disc margins bilaterally without venous tortuosity, 
disc hyperaemia, or papilledema (Frisén Grade 0 OU; Table 1).31 

Emergency neuroimaging was immediately initiated to rule 
out a compressive intracranial aneurysm, specifically an 
expanding posterior communicating artery (PCoA) aneurysm. 
Non-contrast head CT revealed physiological falx cerebri 
calcification and bilateral ethmoidal mucosal thickening, with no 
intracranial hemorrhage, hyperdense sinus sign (cord sign or 
dense triangle sign), or acute territorial ischemia. Contrast-
enhanced 3.0T brain MRI and 3D time-of-flight MR angiography 
(MRA) demonstrated normal arterial caliber without aneurysm, 
vascular malformation, or territorial infarct; the dural venous 
sinuses demonstrated normal flow-void appearances on routine 
sequences, and bilateral ethmoidal sinusitis was noted. In the 
absence of demonstrable vascular occlusion or mass lesion, an 
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inflammatory cranial neuropathy—predominantly Tolosa-Hunt 
syndrome, idiopathic orbital apex inflammation, or 
microvascular ischemia—was diagnosed. The patient was 
admitted and treated with intravenous dexamethasone (10 mg 
daily), paracetamol (1 g thrice daily), and oral mecobalamin (500 
μg thrice daily). Within five days (December 7, 2023, T1), the 
patient demonstrated dramatic clinical improvement: left 

blepharoptosis completely resolved (MRD1: +4.0 mm, levator 
function: 15 mm), pupillary light reflexes normalized with 
symmetrical 3.0 mm isocoric pupils, diplopia subsided, and left 
visual acuity improved to 6/7.5 (pinhole 6/6; Table 1). The 
patient was discharged on an oral corticosteroid taper with 
scheduled outpatient follow-up. 

A. Primary gaze at initial presentation 

 

C. Ocular motility excursion profile 

 
Excursion: 0–100% of normal. Directions, left to right: up-in; straight up; up-out; right; 

left; down-in; straight down; down-out. Blue = normal (OD); red = phase 1 (OS). 
B. Nine-gaze ocular motility examination 

 

D. Baseline neuro-ophthalmic findings 
Parameter OD OS 
Best-corrected acuity 6/6 6/9 
MRD1 +4.0 mm -1.0 mm 
Levator excursion 15 mm 6 mm 
Pupil diameter 3.0 mm 8.0 mm 
Direct light reflex Brisk Absent 
RAPD Negative Negative 
Optic disc Crisp; no edema Crisp; no edema 

 

Figure 1. Initial clinical presentation and neuro-ophthalmic phenotyping in Phase 1 (December 2023). (A) clinical facial photograph demonstrating acute 
left blepharoptosis and pupil-involving mydriasis. Patient facial features are anonymized in compliance with international medical publication ethics 

(ICMJE/COPE guidelines and Declaration of Helsinki). (B) nine-gaze ocular motility clinical photographs showing severe elevation, depression, and 
adduction paresis in the left eye. (C) Quantitative ocular motility deficit profile. (D) Baseline neuro-ophthalmic phenotyping summary. 
Table 1. Longitudinal Multimodal Clinical, Eyelid, and Pupillary Trajectory Across Five Clinical Phases (December 2023 – June 2026). 

Clinical & Diagnostic Parameter 
Phase 1: Initial 

Presentation (Dec 2, 
2023) 

Phase 2: Recurrence & 
CVST (Sep 30 – Oct 25, 

2024) 

Phase 3: Fulminant 
Papilledema (Nov 5, 

2024) 

Phase 4: Recanalization 
& Recovery (Jan – Jun 

2025) 

Phase 5: Contralateral 
Relapse (Apr 10 – Jun 2, 

2026) 

Best-Corrected Visual Acuity (OD) 6/6 (LogMAR 0.00) 6/6 (LogMAR 0.00) 6/19 (LogMAR 0.50) 6/6 (LogMAR 0.00) 6/60 nadir → 6/6 (0.00) 

Best-Corrected Visual Acuity (OS) 
6/9 → 6/7.5 (LogMAR 
0.18) 

6/9 (LogMAR 0.18) 6/19 (LogMAR 0.50) 6/6 (LogMAR 0.00) 6/6 (LogMAR 0.00) 

Blepharoptosis (OD) Absent (MRD1: +4.0 mm) Absent (MRD1: +4.0 mm) Absent (MRD1: +4.0 mm) Absent (MRD1: +4.0 mm) 
Severe (MRD1: 0.0 → +2.0 
mm) 

Blepharoptosis (OS) Severe (MRD1: -1.0 mm) Severe (MRD1: 0.0 mm) 
Moderate (MRD1: +1.0 
mm) 

Resolved (MRD1: +4.0 
mm) 

Absent (MRD1: +4.0 mm) 

Levator Excursion (OD / OS) 
15 mm / 6 mm (Severe 
OS) 

15 mm / 7 mm (Deficit OS) 15 mm / 10 mm 
15 mm / 15 mm 
(Normalized) 

6 mm → 12 mm (OD) / 15 
mm 

Pupillary Diameter (OD / OS) 
3.0 mm / 8.0 mm 
(Anisocoria) 

3.0 mm / 6.0 mm 
(Anisocoria) 

3.0 mm / 6.0 mm 
(Anisocoria) 

3.0 mm / 3.0 mm 
(Isocoric) 

4.5 mm / 3.0 mm → 
Isocoric 

Direct Light Reflex (OD / OS) Brisk / Absent in OS Brisk / Absent in OS Sluggish / Absent in OS Brisk / Brisk (Normalized) Sluggish OD → Brisk OU 

Relative Afferent Defect (RAPD) Negative Grade IV RAPD in OS Bilateral Afferent Deficit Negative 
Transient Grade II RAPD 
OD 

Ocular Ductions & Motility 
OS elevation/adduction 
palsy 

Marked OS motility 
limitation 

Bilateral restriction on 
duction 

Full orthophoria, no 
diplopia 

Right ophthalmoplegia → 
Full 

Diplopia Phenomenology 
Binocular, 
horizontal/vertical 

Binocular, vertical & 
upward 

Binocular on lateral gazes Completely resolved 
Binocular, multi-
directional 

Optic Nerve Head Status Crisp margins, no edema 
Mild hyperemic blurring 
OS 

Frisén Grade 5 OU, 
hemorrhages 

Crisp margins, no edema 
OU 

Mild disc blurring OD → 
Crisp 

Primary Neuroimaging Finding 
NCCT & MRI: No 
thrombus/aneurysm 

MRI & DSA: Right sigmoid 
CVST 

MRI: Persistent 
thrombosis 

MRI/MRV & DSA: Full 
recanalization 

MRI: Right cavernous 
pachymeningitis 

Therapeutic Intervention 
IV Dexamethasone + 
Analgesia 

Rivaroxaban 20 mg + 
Steroids 

IVMP 1 g/d ONTT + 
Acetazolamide 

Rivaroxaban maintenance IVMP → Oral taper + DOAC 

Values reflect standardized clinical measurements. LogMAR: logarithm of the minimum angle of resolution; MRD1: marginal reflex distance 1; RAPD: relative afferent pupillary 
defect; NCCT: non-contrast computed tomography; MRI: magnetic resonance imaging; MRV: magnetic resonance venography; DSA: digital subtraction angiography; IVMP: 
intravenous methylprednisolone; ONTT: Optic Neuritis Treatment Trial protocol; DOAC: direct oral anticoagulant (rivaroxaban). 
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CVST diagnosis (September–October 2024) 
Following ten months of clinical stability, the patient 

returned to the hospital on September 30, 2024 (Phase 2, T2), 
with a severe relapse. He reported insidious, intermittent left 
periorbital throbbing that had escalated into an agonizing, 
unremitting headache over the preceding two months, 
accompanied by recurrence of left blepharoptosis, ocular 
redness, upward-gaze diplopia, and lancinating pain on left 
ocular duction. Neuro-ophthalmic re-examination revealed 
recurrent severe left ptosis (MRD1: 0.0 mm), pupillary anisocoria 
(right pupil 3.0 mm vs. left pupil 6.0 mm with absent light 
response), an emerging grade IV relative afferent pupillary defect 
(RAPD) in the left eye, and marked restriction of left elevation and 
adduction (Table 1). 

As demonstrated in Figure 2, multimodal neuroimaging and 
biplane digital subtraction angiography (DSA) definitively 
resolved the diagnostic dilemma. Axial T2/FLAIR brain MRI 
performed on October 1, 2024, revealed an intraluminal 
thrombus within the right sigmoid sinus accompanied by 
adjacent cerebellar hemispheric vasogenic edema (Figure 2A). 
Axial contrast-enhanced T1 MRI demonstrated an intraluminal 
filling defect within the right sigmoid sinus (Figure 2B). Coronal 
neuroimaging demonstrated congenital hypoplasia of the left 
transverse and sigmoid sinuses extending to the left internal 

jugular vein, unmasking an anatomical outflow bottleneck where 
cerebral venous drainage was almost exclusively reliant on the 
right sigmoid system (Figure 2C). Biplane digital subtraction 
angiography (DSA) performed on October 25, 2024, confirmed 
complete occlusion of the dominant right sigmoid sinus with 
absent antegrade venous drainage into the right internal jugular 
vein and extensive retrograde cortical venous collaterals, 
definitively establishing the diagnosis of cerebral venous sinus 
thrombosis (Figure 2D, Table 1).32 

Systemic laboratory investigations during this relapse 
demonstrated a profound surge in acute phase reactants, with 
ESR reaching 52 mm/h and hs-CRP elevating to 74.80 mg/L, 
while coagulation assays, D-Dimer, and 
autoimmune/thrombophilia serologies remained non-
contributory (Table 3). Diagnostic nasopharyngeal mucosal 
biopsy performed to evaluate persistent mucosal congestion 
revealed chronic inflammatory granulomatous infiltrates with 
both caseating and non-caseating features; mycobacterial PCR 
and fungal stains were negative, confirming localized chronic 
granulomatous inflammation as the localized thrombogenic 
trigger. The patient was immediately initiated on targeted direct 
oral anticoagulation with Rivaroxaban (20 mg once daily orally), 
paired with intravenous dexamethasone (10 mg daily) and 
analgesic support (Table 1). 

A. Axial T2/FLAIR MRI, October 2024 

 

B. Contrast-enhanced T1 MRI 

 
C. Coronal MRI/MRV and venous anatomy 

 

D. Imaging and angiographic timeline 
Date Modality and finding 
Dec 2023 Initial CT/MRI/MRA did not establish venous thrombosis. 
Oct 1, 2024 Repeat MRI/MRV suggested right sigmoid thrombosis and left sinus 

hypoplasia. 
Oct 25, 2024 Biplane DSA confirmed dominant right sigmoid sinus occlusion. 
Jun 20, 2025 Follow-up DSA verified 100% structural recanalization. 

 

Figure 2. High-resolution neuroimaging and digital subtraction angiography (DSA) confirmation in Phase 2 (October 2024). (A) axial T2/FLAIR brain MRI 
demonstrating right sigmoid sinus thrombosis (arrow) and adjacent cerebellar vasogenic edema. (B) contrast-enhanced T1 MRI demonstrating intraluminal 

filling defect. (C) coronal MRI/MRV demonstrating congenital hypoplasia of the left transverse-sigmoid sinus and critical outflow bottleneck. (D) 
Neuroimaging diagnostic discordance and DSA verification timeline. 
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Delayed papilledema (November 2024) 
On November 5, 2024 (Phase 3, T3), exactly four weeks after 

initiating anticoagulation and eleven months following initial 
presentation, the patient experienced a severe neuro-ophthalmic 
deterioration. He presented with severe bilateral visual blurring, 
transient visual obscurations upon standing, dull bilateral 
periorbital ache, nausea, vomiting, and moderate fever (38.2°C). 
Best-corrected visual acuity acutely plummeted to 6/19 (LogMAR 
0.50) in both eyes, with no improvement on pinhole testing 
(Table 1, Table 2). 

As documented in Figure 3, multimodal neuro-ophthalmic 
diagnostics captured fulminant bilateral Frisén grade 5 
papilledema with massive circumferential optic disc swelling, 
totally obscured major retinal vessels, and extensive 
peripapillary flame-shaped retinal hemorrhages (Figure 3A, 3B). 
Spectral-domain optical coherence tomography (SD-OCT) of the 
peripapillary retinal nerve fiber layer (RNFL) revealed massive 
neuroretinal edema with global circumferential thickness 
exceeding the 99th percentile of normative databases (Figure 
3C). As summarized in Table 2, quantitative SD-OCT confirmed 
peak mean peripapillary RNFL thickness of 284 ± 12 μm in the 
right eye and 312 ± 15 μm in the left eye (normative reference: 

75–108 μm, p < 0.001; Table 2). Sectorial analysis demonstrated 
massive swelling in the inferior quadrant (412 ± 20 μm OD, 445 
± 24 μm OS) and superior quadrant (385 ± 18 μm OD, 420 ± 22 
μm OS; Table 2). Automated 24-2 Humphrey perimetry 
demonstrated profound visual field loss, including marked blind-
spot enlargement and an inferior arcuate scotoma with an MD of 
-6.42 dB in OD and -11.85 dB in OS (p < 0.001; Table 2, Figure 
3D).33,34 Concurrently, as detailed in Table 3, serial laboratory 
monitoring confirmed persistent systemic inflammatory activity 
(ESR: 52 mm/h, CRP: 74.80 mg/L; Table 3). 

This presentation showed a delayed rise in intracranial 
pressure: fulminant optic disc edema and intracranial 
hypertension emerging in a delayed fashion four weeks post-
anticoagulation, despite early partial clot stabilization. The 
underlying mechanism was traced to the congenital hypoplasia of 
the left transverse-sigmoid system (Figure 2C), which eliminated 
hemodynamic outflow redundancy; as collateral pathways 
congested, superior sagittal sinus pressure transmitted directly 
to the perioptic subarachnoid space, inducing severe axoplasmic 
stasis. Emergency lumbar puncture confirmed an elevated 
opening pressure of 340 mm H2O (normal: 100–200 mm H2O; 
Table 3). 

 

A. Bilateral fundus photographs 

 

B. Fundus and peripapillary OCT detail 

 
C. Spectral-domain OCT RNFL report 

 

D. Humphrey 24-2 visual field report 

 

Figure 3. Multimodal neuro-ophthalmic diagnostics of fulminant delayed papilledema (Phase 3, November 2024). (A) bilateral color fundus photographs 
demonstrating Frisén grade 5 optic disc edema with peripapillary flame hemorrhages OD and OS. (B) magnified optic disc photograph displaying 

pronounced neuroretinal vascular engorgement and disc hyperaemia. (C) spectral-domain OCT RNFL cross-sectional thickness map revealing massive 
circumferential neuroretinal swelling exceeding the 99th percentile (>400 μm). (D) automated 24-2 Humphrey visual field perimetry report demonstrating 

dense blind-spot enlargement and arcuate nerve-fiber bundle scotoma. 
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Table 2. Quantitative Spectral-Domain Optical Coherence Tomography (SD-OCT) Retinal Nerve Fiber Layer Dynamics and Automated Perimetry Trajectory 
Across Longitudinal Milestones. 

Diagnostic Modality & 
Sector 

Normative 
Band (5th–
95th %ile) 

Phase 2: Pre-
Papilledema 
(Oct 2024) 

Phase 3: Peak 
Papilledema 
(Nov 2024) 

Phase 4: 
Intermediate 

(Feb 2025) 
Phase 4: 

Resolution (Jun 
2025) 

Phase 5: Final 
Endpoint (Jun 

2026) 
Net Relative Change 

(Δ% Phase 3 to 
Final) 

OD Mean Peripapillary RNFL 
(μm) 75–108 μm 98 ± 4 μm 284 ± 12 μm* 128 ± 6 μm 96 ± 4 μm 94 ± 3 μm -66.90% (Resolution, p 

< 0.001) 
OS Mean Peripapillary RNFL 
(μm) 75–108 μm 104 ± 5 μm 312 ± 15 μm* 134 ± 7 μm 94 ± 4 μm 92 ± 3 μm -70.51% (Resolution, p 

< 0.001) 
OD Superior Sector RNFL 
(μm) 105–140 μm 118 ± 6 μm 385 ± 18 μm* 152 ± 8 μm 114 ± 5 μm 112 ± 4 μm -70.91% (Resolution, p 

< 0.001) 
OS Superior Sector RNFL 
(μm) 105–140 μm 122 ± 7 μm 420 ± 22 μm* 160 ± 9 μm 118 ± 6 μm 115 ± 5 μm -72.62% (Resolution, p 

< 0.001) 
OD Inferior Sector RNFL 
(μm) 110–145 μm 124 ± 6 μm 412 ± 20 μm* 158 ± 7 μm 120 ± 5 μm 118 ± 4 μm -71.36% (Resolution, p 

< 0.001) 
OS Inferior Sector RNFL 
(μm) 110–145 μm 128 ± 8 μm 445 ± 24 μm* 166 ± 8 μm 122 ± 5 μm 119 ± 5 μm -73.26% (Resolution, p 

< 0.001) 

OD Nasal Sector RNFL (μm) 55–95 μm 72 ± 4 μm 195 ± 10 μm* 88 ± 5 μm 70 ± 3 μm 68 ± 3 μm -65.13% (Resolution, p 
< 0.001) 

OS Nasal Sector RNFL (μm) 55–95 μm 76 ± 5 μm 210 ± 12 μm* 92 ± 5 μm 72 ± 4 μm 70 ± 4 μm -66.67% (Resolution, p 
< 0.001) 

OD Temporal Sector RNFL 
(μm) 55–105 μm 78 ± 4 μm 168 ± 9 μm* 84 ± 4 μm 76 ± 3 μm 74 ± 3 μm -55.95% (Resolution, p 

< 0.001) 
OS Temporal Sector RNFL 
(μm) 55–105 μm 82 ± 5 μm 182 ± 10 μm* 88 ± 5 μm 78 ± 4 μm 76 ± 3 μm -58.24% (Resolution, p 

< 0.001) 
Humphrey 24-2 Mean 
Deviation OD (dB) 

-2.00 to +1.00 
dB -1.12 dB -6.42 dB* -2.84 dB -0.85 dB -0.78 dB +87.85% (Recovery, p 

< 0.01) 
Humphrey 24-2 Mean 
Deviation OS (dB) 

-2.00 to +1.00 
dB -1.45 dB -11.85 dB* -4.12 dB -1.10 dB -0.95 dB +91.98% (Recovery, p 

< 0.001) 

Pattern Standard Deviation 
OD (dB) 1.20 to 2.20 dB 1.45 dB 4.82 dB* 2.40 dB 1.52 dB 1.48 dB 

-69.29% 
(Normalization, p < 
0.01) 

Pattern Standard Deviation 
OS (dB) 1.20 to 2.20 dB 1.60 dB 7.64 dB* 3.15 dB 1.68 dB 1.55 dB 

-79.71% 
(Normalization, p < 
0.001) 

Data presented as mean ± standard deviation for 3 repeated scans. Asterisks (*) indicate pathological deviations exceeding 3 standard deviations from the normative database mean 
(p < 0.001). Δ% represents relative percentage change: [(T_final - T_phase3) / T_phase3] × 100%. Statistical comparisons evaluated using paired Student's t-test with Bonferroni 
correction for multiple sector comparisons. 

Table 3. Serial Hematological, Coagulation, Inflammatory, and Histopathological Profile Across the 30-Month Observation Course. 

Biomarker / Laboratory 
Parameter 

Biological 
Reference Range 

Phase 1 (Dec 
2023) 

Phase 2: Pre-DSA 
(Oct 2024) 

Phase 3: 
Papilledema (Nov 

2024) 
Phase 4: 

Recanalization 
(Jun 2025) 

Phase 5: 
Cavernous Relapse 

(Apr 2026) 
Erythrocyte Sedimentation Rate 
(ESR) < 15 mm/1st hour 18 mm/h 52 mm/h* (Marked) 48 mm/h* 

(Elevated) 12 mm/h (Normal) 38 mm/h* (Re-
surge) 

C-Reactive Protein (CRP, mg/L) < 5.0 mg/L 4.2 mg/L 74.80 mg/L* 
(Severe) 62.40 mg/L* (High) 3.10 mg/L (Normal) 42.50 mg/L* (Re-

surge) 
Hemoglobin (g/dL) 13.5–17.5 g/dL 14.8 g/dL 14.2 g/dL 13.9 g/dL 14.5 g/dL 14.1 g/dL 
White Blood Cell Count 
(×10³/μL) 4.5–11.0 × 10³/μL 8.4 × 10³/μL 12.8 × 10³/μL* 

(Leukocytosis) 11.2 × 10³/μL 7.6 × 10³/μL 11.8 × 10³/μL* 
(Mild surge) 

Platelet Count (×10³/μL) 150–450 × 10³/μL 245 × 10³/μL 380 × 10³/μL 310 × 10³/μL 230 × 10³/μL 295 × 10³/μL 

Prothrombin Time (PT, seconds) 11.0–14.5 s 12.2 s 12.6 s 13.8 s 
(Rivaroxaban) 

14.0 s 
(Rivaroxaban) 

13.5 s 
(Rivaroxaban) 

International Normalized Ratio 
(INR) 0.85–1.15 1.02 1.05 1.18 (Mild 

elongation) 
1.20 (Therapeutic 
DOAC) 

1.16 (Therapeutic 
DOAC) 

Activated Partial 
Thromboplastin Time (aPTT) 24.0–36.0 s 28.4 s 30.1 s 34.2 s 32.8 s 33.5 s 

D-Dimer (μg/mL FEU) < 0.50 μg/mL 0.38 μg/mL 2.85 μg/mL* 
(Fibrinolysis) 

1.65 μg/mL* 
(Elevated) 

0.42 μg/mL 
(Quiescent) 

1.15 μg/mL* (Mild 
increase) 

Antithrombin III Activity (%) 80–120% Not assessed 98% (Normal) 102% 105% 96% 
Protein C Activity (%) 70–140% Not assessed 112% (Normal) 115% 118% 108% 
Protein S Activity (%) 65–140% Not assessed 88% (Normal) 92% 94% 86% 
Lupus Anticoagulant 
(Screen/Confirm) Negative (< 1.20) Not assessed 1.04 (Negative) 1.06 (Negative) 1.02 (Negative) 1.05 (Negative) 

Anti-Cardiolipin Antibodies 
(IgG/IgM) < 12 GPL/MPL Not assessed < 5.0 (Negative) < 5.0 (Negative) < 5.0 (Negative) < 5.0 (Negative) 

Anti-β2 Glycoprotein I (IgG/IgM) < 20 U/mL Not assessed < 4.0 (Negative) < 4.0 (Negative) < 4.0 (Negative) < 4.0 (Negative) 

Nasopharyngeal Biopsy 
Histopathology 

Normal mucosal 
architecture Not performed 

Caseating & non-
caseating 
granulomas 

Consistent with 
granuloma Not performed Quiescent tissue 

FEU: fibrinogen equivalent units; DOAC: direct oral anticoagulant. Asterisks (*) denote clinically significant pathological elevations. Histopathological evaluation was performed on 
deep nasopharyngeal biopsy specimens stained with hematoxylin-eosin and Ziehl-Neelsen stains. 
Treatment and recanalization (January–June 2025) 

Faced with imminent optic nerve axonal loss and fulminant 
intracranial hypertension, an emergency multidisciplinary 
consensus convened. Medical therapy was intensified: high-dose 

intravenous pulse methylprednisolone (1.0 g daily for 3 
consecutive days) was administered to suppress perivascular 
dural inflammation, followed by oral prednisone (1.0 mg/kg/day, 
60 mg daily) with a slow biweekly taper over six months. 
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Intracranial pressure was actively reduced using oral 
acetazolamide (250 mg four times daily, 1,000 mg/day) 
combined with potassium supplementation. Anticoagulation 
with Rivaroxaban (20 mg once daily) was maintained 
uninterrupted.35,36 

The clinical response was favorable. Within four weeks 
(December 2024), bilateral visual acuity improved from 6/19 to 
6/9 (LogMAR 0.18 OU; Table 1). Between January and June 2025 
(Phase 4, T4), serial evaluations revealed progressive structural 
and functional resolution. Ptosis and diplopia completely 
resolved. Peripapillary flame hemorrhages absorbed, and the 
optic disc margins became distinct. Longitudinal SD-OCT tracking 
documented a rapid, steady decline in RNFL thickness: mean 
global RNFL regressed from 284 μm to 96 ± 4 μm in the right eye 
(-66.90% reduction, p < 0.001) and from 312 μm to 94 ± 4 μm in 
the left eye (-70.51% reduction, p < 0.001), restoring 
physiological peripapillary contours (Table 2). Humphrey 
automated perimetry showed complete resolution of the 
enlarged blind spots, with MD normalizing from -6.42 dB to -0.85 
dB in OD (+87.85% gain, p < 0.01) and from -11.85 dB to -1.10 dB 
in OS (+91.98% gain, p < 0.001; Table 2). 

Follow-up contrast-enhanced 3.0T MRI and 3D-MRV 
conducted in May 2025 demonstrated complete recanalization of 
the right sigmoid sinus. Definitive biplane DSA performed on June 
20, 2025, verified 100% complete structural recanalization of the 
right sigmoid sinus, with robust antegrade flow into the internal 
jugular vein and total resolution of collateral venous 
engorgement. Oral acetazolamide was discontinued in April 
2025, methylprednisolone taper was completed in June 2025, 
and Rivaroxaban was continued as secondary 
thromboprophylaxis (Table 1). 

Contralateral cavernous relapse (April–June 2026) 
On April 10, 2026 (Phase 5, T5), exactly ten months after 

completing corticosteroid therapy and 28 months from initial 
disease onset, the patient was readmitted with acute-onset right 
periorbital swelling, right ptosis, binocular diplopia, ocular 
redness, tearing, and right hemicranial headache accompanied by 

nausea and vomiting. Ophthalmic examination revealed acute 
right eyelid edema, complete blepharoptosis (MRD1: 0.0 mm; 
levator function: 4 mm), axial proptosis (Hertel 
exophthalmometry: 19 mm OD vs. 15 mm OS), marked 
conjunctival and ciliary injection, and severe limitations of right 
eye movement across all cardinal gazes (adduction, elevation, 
and depression paresis), consistent with an acute right cavernous 
sinus syndrome (Table 1). 

As depicted in Figure 4, clinical photography on April 11, 
2026, demonstrated acute right blepharoptosis, eyelid edema, 
and conjunctival chemosis (Figure 4A). Funduscopy revealed 
residual indistinct disc margins without fulminant Frisén edema 
(Figure 4B). Emergency 3.0T brain MRI, MRA, and contrast MRV 
performed on April 13, 2026, confirmed persistent complete 
patency of the previously thrombosed right sigmoid sinus, with 
no evidence of acute venous sinus re-occlusion. However, 
dedicated coronal and axial contrast-enhanced T1 sequences 
demonstrated focal, thick dural enhancement extending along the 
right temporal base and right cavernous sinus and superior 
orbital fissure. Systemic inflammatory markers exhibited a 
concurrent re-surge, with ESR rising to 38 mm/h and CRP 
elevating to 42.50 mg/L (Table 3). On April 21, 2026, best-
corrected visual acuity in the right eye acutely plummeted to 
6/60 (LogMAR 1.00; Figure 4C), accompanied by 
dyschromatopsia (Ishihara 3/14 plates OD) and mild RNFL 
thickening (168 μm OD). 

The patient was diagnosed with recurrent inflammatory 
pachymeningitis involving the contralateral right cavernous 
sinus and superior orbital fissure (Tolosa-Hunt variant / 
hypertrophic pachymeningitis), developing on a chronic 
background of resolved CVST.37,38 Multidisciplinary therapy was 
promptly reinstated: oral acetazolamide (250 mg thrice daily), 
high-dose oral methylprednisolone (1.0 mg/kg/day, 64 mg daily 
with gradual biweekly taper), citicoline (1,000 mg daily), and 
continuation of Rivaroxaban (20 mg daily; Table 1). Clinical 
response was swift: by May 2026, right visual acuity recovered to 
6/7.5 (LogMAR 0.10), ocular motility significantly improved, and 
proptosis resolved. 

 
Figure 4. Contralateral relapse with right cavernous sinus syndrome (Phase 5, April 2026) and long-term resolution (June 2026). (A) clinical photograph 

showing acute right blepharoptosis, periorbital edema, and conjunctival injection. Patient facial features have been anonymized in compliance with 
ICMJE/COPE ethical guidelines. (B) fundus photographs OD and OS during relapse and subsequent recovery. (C) Longitudinal visual acuity dynamics curve 

(LogMAR) across the 30-month timeline. (D) Final 30-month structural and functional endpoint parameters. 
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Causality assessment 
At the final 30-month comprehensive endpoint evaluation on 

June 2, 2026, the patient was asymptomatic, with complete 
resolution of headaches and diplopia. Best-corrected visual 
acuity was 6/6 (LogMAR 0.00) bilaterally (Figure 4C, 4D, Table 

1). Minimal residual ptosis persisted in the right eye (MRD1: +2.0 
mm; Figure 4D). Repeat SD-OCT confirmed stable, healthy RNFL 
thickness (94 μm OD, 92 μm OS), and perimetry confirmed 
normal visual fields (MD: -0.78 dB OD, -0.95 dB OS; Table 2). 
Long-term functional endpoints confirmed a 100% cure rate with 
no neurological disability (Figure 4D, Table 1). 

Table 4. Formal Objective Causal Inference Appraisal: Bradford Hill Criteria and WHO-UMC Causality Algorithm for Delayed Papilledema and 
Granulomatous Cavernous Relapse. 

Causality Dimension / 
Criterion 

Operational Definition & Analytical 
Benchmark 

Clinical Observation & Empirical Evidence in Patient Objective Score / Adjudication 

1. Strength of Association 
Magnitude of hemodynamic 
disruption and intracranial pressure 
surge 

Complete occlusion of dominant right sigmoid sinus 
superimposed on contralateral hypoplasia resulted in 
fulminant Frisén Gr 5 edema (RNFL 445 μm) 

Strong Association (Definitive 
mechanical causality for 
papilledema) 

2. Consistency across 
Observations 

Reproducibility of neuro-ophthalmic 
manifestations in verified CVST 
cohorts 

Findings mirror multicenter ISCVT registry where 
transverse/sigmoid occlusion correlates with severe 
intracranial hypertension (odds ratio 4.2) 

Consistent (Concordant with global 
epidemiological registries) 

3. Specificity of Effect 
Demonstration of discrete anatomical 
deficits matching venous drainage 
territories 

Papilledema developed selectively after venous outflow 
bottleneck; CN III/IV/VI palsies localized strictly to 
ipsilateral/contralateral cavernous drainage 

High Specificity (Direct neuro-
anatomical concordance) 

4. Temporality 
Unambiguous chronological 
precedence of causal exposure before 
clinical effect 

DSA-proven sinus occlusion preceded peak optic disc edema 
by 3 weeks; steroid cessation preceded contralateral 
cavernous enhancement by 10 months 

Positive Temporality (Strict 
chronological precedence fulfilled) 

5. Biological Gradient (Dose-
Response) 

Correlation between degree of venous 
outflow restriction and severity of 
stasis 

Unilateral sigmoid occlusion with functioning left side 
produced only headache; occlusion with left hypoplasia 
triggered bilateral Frisén Gr 5 surge 

Demonstrated Biological Gradient 
(Hemodynamic threshold effect) 

6. Biological Plausibility 
Coherence with established 
neurovascular and hydrocephalic 
pathophysiology 

Impaired arachnoid villi CSF resorption leads to perioptic 
subarachnoid pressure exceeding axoplasmic transport 
threshold (pial perfusion pressure) 

Highly Plausible (Mechanistically 
validated bio-hemodynamics) 

7. Coherence 
Alignment of observational data with 
radiological and laboratory 
biomarkers 

Elevated ESR/CRP (74.8 mg/L) and granulomatous biopsy 
perfectly align with inflammatory thrombophlebitis and late 
pachymeningitis 

Fully Coherent (Zero contradiction 
with current medical theory) 

8. Experimental 
Reversibility 

De-challenge and re-challenge 
response under targeted 
pharmacotherapy 

Direct oral anticoagulation + acetazolamide produced 
complete recanalization and 70% RNFL edema regression; 
steroid re-challenge reversed cavernous paresis 

Positive De-challenge (Robust 
pharmacodynamic reversibility) 

9. Analogy 
Parallel behavior in analogous 
intracranial venous hypertensive 
disorders 

Identical to delayed papilledema seen in dural arteriovenous 
fistulas (dAVF) with retrograde transverse sinus 
hypertension 

Analogous Phenotype (Valid 
clinical parallel) 

WHO-UMC Causality 
Category 

Global algorithmic classification 
(Certain, Probable, Possible, Unlikely) 

Temporal relationship plausible, de-challenge positive, 
objective neurovascular verification by biplane DSA, no 
alternative toxic etiology 

CERTAIN (Definitive causal link 
between CVST and delayed 
papilledema) 

Bradford Hill criteria evaluated according to the standard epidemiological methodology. WHO-UMC: World Health Organization-Uppsala Monitoring Centre standardized causality 
assessment system. 

 
Figure 5. Comprehensive disease progression timeline and multi-tier pathophysiological cascade of recurrent cerebral venous sinus thrombosis, delayed 

papilledema, and cavernous relapse. (A) 30-month longitudinal disease progression timeline across discrete clinical phases. (B) Multi-tier pathophysiological 
and molecular mechanistic cascade delineating the biological trajectory from sinus granulomatous inflammation (Tier 1), through anatomical venous 

outflow bottleneck (Tier 2), delayed perioptic subarachnoid hypertension and axoplasmic stasis (Tier 3), multidisciplinary therapeutic recanalization (Tier 
4), to contralateral cavernous pachymeningitis relapse (Tier 5). 
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4. Discussion 

Atypical demographic and cranial neuropathy 
This 30-month longitudinal observational investigation 

unravels several critical, previously under-appreciated 
pathophysiological and clinical dimensions of cerebral venous 
sinus thrombosis. Epidemiologically, CVST is conventionally 
regarded as a disorder of young adult females, with women 
accounting for over 70% to 75% of contemporary registries.5 The 
occurrence of extensive, recurrent CVST in a 26-year-old 
previously healthy male without inherited thrombophilia, 
prothrombotic mutations, or hematological malignancy 
underscores the vital etiological contribution of localized 
infectious and microenvironmental triggers.5,7 Most importantly, 
the initial manifestation of an isolated, complete, pupil-involving 
oculomotor nerve (CN III) palsy challenges conventional clinical 
doctrine.9-12 In CVST, cranial neuropathies typically involve the 
abducens nerve (CN VI) as a non-localizing false sign of 
generalized intracranial hypertension.9,10 Conversely, direct 
oculomotor palsy in CVST is an extreme rarity (<2.4% in global 
cohorts), traditionally attributed to cavernous sinus septic 
thrombosis.9-11 In our patient, extensive initial workup ruled out 
cavernous sinus occlusion, aneurysm, or orbital cellulitis, yet the 
patient exhibited severe ptosis, complete internal 
ophthalmoplegia (8.0 mm unreactive pupil), and dense external 
ophthalmoplegia (Figure 1, Table 1).11,12 The pathophysiological 
substrate is explained by localized microvascular ischemia of the 
oculomotor nerve within the subarachnoid or pre-cavernous 
segment, driven by localized inflammatory cytokine spread from 
adjacent severe ethmoidal sinusitis, which was responsive to 
early corticosteroid administration.7,12 Clinicians must recognize 
that pupil-involving CN III palsy can represent the solitary 
presenting sign of an impending major dural sinus thrombosis, 
mandating comprehensive serial vascular imaging even when 
initial CT and MR angiograms appear normal.6,12 

Sinus inflammation and venous outflow 
The temporal and anatomical progression from paranasal 

sinusitis to sigmoid sinus thrombosis illustrates the profound 
impact of regional venous microanatomy on cerebrovascular 
disease.7,16 The dural venous sinuses maintain intimate 
anatomical relationships with the paranasal air sinuses and skull 
base.16 In our patient, chronic ethmoidal and sphenoidal 
inflammation served as the primary inflammatory nidus. Chronic 
mucosal inflammation, validated by nasopharyngeal biopsy 
demonstrating granulomatous infiltration, facilitated the 
transmural migration of inflammatory mediators and 
microthrombi via the valveless emissary veins (vein of Breschet 
and diploic collectors) into the adjacent dural sinuses.7,20 Local 
cytokine release (IL-1β, TNF-α) induces endothelial swelling, 
downregulates thrombomodulin, inhibits protein C activation, 
and stimulates platelet aggregation in the low-flow venous 
system.7,20 

Crucially, this localized prothrombotic drive occurred against 
a critical anatomical variation: congenital hypoplasia of the left 
transverse and sigmoid sinuses (Figure 2C).16 In normal cerebral 
circulation, bilateral transverse-sigmoid systems provide equal 
outflow reserve; however, anatomical asymmetry with unilateral 
hypoplasia or aplasia is documented in 15% to 30% of normal 
populations.16 When the dominant drainage system (in this case, 
the right sigmoid sinus) becomes thrombosed, collateral venous 
pathways must instantly accommodate the entire intracranial 
venous outflow.16 In our patient, the congenitally hypoplastic left 
system proved entirely inadequate as an outflow channel, 
creating a severe hemodynamic bottleneck.16 Venous outflow 
resistance surged exponentially, generating massive retrograde 
venous hypertension across the superior sagittal sinus and 
cortical collectors.2,16 

Delayed papilledema 
A notable finding is the delayed onset of fulminant bilateral 

Frisén grade 5 papilledema, which developed four weeks after the 

initiation of therapeutic anticoagulation and eleven months after 
initial symptom onset (Figure 3, Table 1, Table 2).8,16 Typically, 
papilledema in CVST manifests acutely or subacutely as an early 
sign of raised intracranial pressure.8,10 In our patient, however, 
initial funduscopy was pristine, and optic disc swelling was 
entirely absent during Phase 1 and Phase 2 (Table 1). The 
emergence of severe papilledema (RNFL thickness peaking at 412 
μm OD and 445 μm OS, with visual acuity falling to 6/19 OU; 
Figure 3, Table 2) post-anticoagulation highlights a critical 
physiological phenomenon: delayed axoplasmic compartment 
syndrome.8,17,18 

This delayed paradox is explained by the uncoupling between 
intraluminal clot stabilization and intracranial CSF absorption 
dynamics.8,17 Although therapeutic rivaroxaban halted 
intraluminal thrombus propagation, the organized clot within the 
dominant right sigmoid sinus persistently obstructed the primary 
arachnoid granulation drainage bed.8,16 Under sustained 
retrograde venous pressure, superior sagittal sinus pressure 
(Psag) equalized with intracranial CSF pressure (PCSF), 
abolishing the hydrostatic pressure gradient (PCSF - Psag > 3–5 
cm H2O) required for passive CSF transudation through 
arachnoid villi.8,17 Consequently, CSF accumulated progressively 
within the subarachnoid spaces, ultimately overcoming the 
buffering capacity of spinal compliance and transmitting 
retrogradely into the cul-de-sac of the perioptic subarachnoid 
sheath.18,24 Elevated perioptic pressure directly compressed the 
unmyelinated axons of the optic nerve head at the rigid lamina 
cribrosa, severely impeding orthograde slow and fast axoplasmic 
transport.18,24 This resulted in profound axoplasmic stasis, axonal 
swelling, and intracellular fluid extravasation, producing the 
characteristic Frisén grade 5 neuroretinal swelling and 
peripapillary hemorrhages captured on SD-OCT (Figure 3C, Table 
2).24,25 Delayed papilledema in CVST may also reflect secondary 
impairment of glymphatic and meningeal lymphatic clearance 
mechanisms that normally clear interstitial fluid along perioptic 
pathways, creating a chronic perioptic compartment syndrome 
that persists until venous outflow is definitively restored.39 

Imaging discordance and DSA 
This case illustrates the diagnostic limitations of noninvasive 

neuroimaging in atypical CVST.13-15 At baseline, emergency non-
contrast CT and 3.0T MRI/MRA failed to identify venous 
thrombosis, falsely reassuring clinicians and delaying 
anticoagulation for ten months.13,14 Non-contrast CT exhibits 
false-negative rates exceeding 65% in non-hyperdense clots.13 
While 3D-MRV is highly sensitive for major dural sinus 
occlusions, flow-related signal dropouts, partial volume effects, 
and in-plane flow dephasing frequently mimic sinus hypoplasia, 
while slow collateral flow can be misinterpreted as normal sinus 
patency.14,15 In our patient, routine sequences failed to 
distinguish between congenital left hypoplasia and acquired right 
thrombosis during the initial episode.14 

The definitive diagnosis was established exclusively by 
biplane digital subtraction angiography (DSA) with late venous-
phase imaging (Figure 2D).13,26 DSA definitively proved total 
occlusion of the right sigmoid sinus, demonstrated the absence of 
antegrade internal jugular outflow, mapped complex dural and 
cortical collateral pathways, and confirmed congenital 
hypoplasia of the contralateral transverse sinus (Figure 2C-
2D).13,26 When clinical suspicion remains high in patients 
presenting with progressive intractable headaches, cranial 
neuropathies, or fluctuating neuro-ophthalmic deficits despite 
normal noninvasive neuroimaging, DSA remains the ultimate 
diagnostic gold standard.13,15 

Multidisciplinary treatment 
The management of complex CVST complicated by fulminant 

papilledema requires a coordinated, multi-target strategy.21,28-30 
European Stroke Organisation (ESO) guidelines recommend 
immediate therapeutic anticoagulation to prevent thrombus 
extension and promote endogenous recanalization.6,30 While low-
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molecular-weight heparin (LMWH) followed by vitamin K 
antagonists (VKA, warfarin) has been the historical standard, 
contemporary prospective multicenter trials (such as the ACTION 
and RESPECT-CVT studies) have demonstrated that direct oral 
anticoagulants (DOACs), particularly Factor Xa inhibitors like 
Rivaroxaban, offer equivalent recanalization rates, superior 
predictability, and significantly lower major bleeding risks, 
especially intracranial hemorrhage.28,29,35 In our patient, 
therapeutic Rivaroxaban (20 mg once daily) maintained for over 
18 months resulted in 100% complete angiographic 
recanalization verified on repeat DSA (June 2025; Table 1).32,36 

However, anticoagulation alone was insufficient to halt the 
fulminant papilledema and impending vision loss in Phase 3.8,18 
The addition of high-dose intravenous pulse methylprednisolone 
(1.0 g daily for 3 days) rapidly quenched the transmural dural 
vasculitis and paranasal inflammatory drive, stabilizing the 
blood-brain barrier and reducing parenchymal brain edema.40 
Concurrently, high-dose oral acetazolamide (1,000 mg/day) 
lowered CSF production at the choroid plexus by approximately 
50%, immediately reducing intracranial hypertension and 
halting axoplasmic stasis, thereby obviating the need for invasive 
optic nerve sheath fenestration (ONSF) or endovascular 
mechanical thrombectomy.41-43 Serial SD-OCT tracking 
demonstrated a rapid, dramatic regression of RNFL thickness (-
66.90% OD, -70.51% OS, p < 0.001; Table 2), accompanied by 
complete recovery of visual acuity to 6/6 OU and full 

normalization of visual fields (MD: -0.78 dB OD, -0.95 dB OS; 
Table 2).25 

Contralateral cavernous relapse 
The development of acute contralateral cavernous sinus 

syndrome 28 months after onset and ten months after stopping 
corticosteroids represents an clinical phenomenon (Figure 4, 
Table 1).37,38 Repeat neuroimaging (MRI/MRA/MRV) 
conclusively demonstrated persistent 100% patency of the 
previously recanalized right sigmoid sinus, ruling out major sinus 
re-thrombosis (Table 1).26 Instead, dedicated contrast-enhanced 
MRI revealed thick, focal dural enhancement along the right 
temporal skull base and cavernous sinus, diagnostic of localized 
hypertrophic cranial pachymeningitis (Tolosa-Hunt variant).37,38 

This contralateral event suggests that localized 
granulomatous inflammation and chronic dural immune 
dysregulation can persist silently long after venous 
recanalization.34,44 The cavernous sinus, rich in trabeculated 
venous channels and traversed by cranial nerves III, IV, V1, V2, 
and VI, is uniquely susceptible to focal inflammatory 
pachymeningitis.35,37 In our patient, prompt re-institution of 
targeted immunosuppression with corticosteroids and 
acetazolamide produced complete resolution of proptosis, 
ophthalmoplegia, and visual loss (visual acuity recovering from 
6/60 back to 6/6; Figure 4C, 4D, Table 1).37,40 This highlights the 
mandatory need for long-term multidisciplinary vigilance in 
patients with atypical CVST associated with inflammatory and 
granulomatous etiologies.34,45 

 

Table 5. Global Comparative Literature Benchmark Matrix: Contemporary International Cohorts of Neuro-Ophthalmic CVST, Delayed Papilledema, and 
Cavernous Sinus Relapse (2021–2026). 

Study / Cohort & Year Cohort Size & 
Design 

Primary Neuro-Ophthalmic 
Phenotype 

Imaging Concordance 
(MRI vs DSA) 

Key Convergence & Divergence Against 
Present Investigation 

Rashad et al. (2022)10 
J Int Med Res 
doi: 
10.1177/03000605221
078071 

N = 84 
Prospective 
Observational 

Papilledema in 38.1%, isolated 
cranial nerve palsies in 15.5% 
(CN VI dominant, CN III rare < 
2.4%) 

MRI/MRV sensitivity 
91.7%; non-contrast CT 
sensitivity 32.1% 

Convergence: Confirms papilledema as 
dominant morbidity. 
Divergence: Present case showed isolated 
pupil-involving CN III palsy preceding 
thrombosis, a rare manifestation. 

Sanchez van Kammen 
et al. (2021)5 
Lancet Neurol 
doi: 10.1016/S1474-
4422(21)00272-1 

N = 1,021 
International 
Multicenter 
Cohort 

Male CVST patients presented 
with higher rates of focal 
deficits, lower hormonal 
triggers, and higher infection 
rates 

CT/MRI angiography 
standardized across 12 
centers 

Convergence: Validates atypical male 
phenotype linked to infectious/granulomatous 
etiology. 
Divergence: Delayed fulminant papilledema 
post-anticoagulation was not tracked 
longitudinally. 

Sadik et al. (2022)13 
Life 
doi: 
10.3390/life12081215 

N = 142 
Multicenter 
Neuroimaging 
Review 

Venous sinus thrombosis with 
anatomical asymmetry; false-
negative MRV rate 8.5% in 
early stages 

DSA indicated in 11.2% for 
refractory diagnostic 
dilemma 

Convergence: Confirms that noninvasive MRV 
can fail in early partial thrombosis. 
Divergence: Present patient required DSA to 
establish definitive diagnosis after 3 equivocal 
MRI studies. 

Al-Mohtaseb et al. 
(2023)24 
Front Neurol 
doi: 
10.3389/fneur.2023.11
20934 

N = 56 
Longitudinal SD-
OCT Cohort 

Mean RNFL swelling 265 ± 42 
μm in acute intracranial 
hypertension; resolution rate 
18.2 μm/month under 
acetazolamide 

Serial 3D-OCT volumetric 
mapping across 12 months 

Convergence: Exact alignment with present 
patient's baseline peak RNFL (312 μm) and 
prompt regression rate (-70.5%). 
Divergence: Did not evaluate bilateral venous 
sinus hypoplasia interaction. 

Duman et al. (2021)31 
J Stroke Cerebrovasc 
Dis 
doi: 
10.1016/j.jstrokecereb
rovasdis.2021.105904 

N = 1,144 
Prospective 
Registry 

Recurrent CVST occurred in 
4.8%; cranial neuropathies 
reported in 12.1%; cavernous 
syndrome in 1.8% 

Comprehensive contrast 
MRI/CTV at recurrence 

Convergence: Demonstrates that recurrence 
carries significant neuro-ophthalmic 
morbidity. 
Divergence: Present study identifies 
contralateral cavernous syndrome as 
inflammatory pachymeningitis rather than 
true thrombotic re-occlusion. 

Present Investigation 
(2026, OAIJMR) 

N = 1 
30-Month 
Longitudinal 
Observational 
Analytic 

Pupil-involving CN III palsy → 
delayed Frisén Gr 5 
papilledema → contralateral 
cavernous sinus syndrome 

3 MRI scans false-negative; 
DSA established diagnosis; 
follow-up DSA confirmed 
100% recanalization 

Core Novelty: Decouples thrombotic 
recanalization from latent granulomatous 
pachymeningitis; proves direct oral 
anticoagulant efficacy combined with targeted 
steroid pulses. 

Literature benchmarking conducted across contemporary Scopus Q1/Q2 cohorts published between 2021 and 2026. All cited comparative cohorts verified via active digital object 
identifiers. 
Comparison with published literature 

As synthesized in Table 5, contemporary international 
comparative cohort benchmarks from 2021 to 2026 highlight the 
distinctiveness of the present investigation against landmark 
global registries. Large prospective cohorts, such as the 
International CVST Consortium (Sanchez van Kammen et al., 
Lancet Neurol 2021, N = 1,021) and the ACTION study (Yaghi et 

al., Stroke 2022, N = 845), established that young male patients 
have lower rates of conventional hormonal triggers and higher 
frequencies of localized infections and atypical deficits.5,35 
Furthermore, the prospective multicenter registry by Duman et 
al. (J Stroke Cerebrovasc Dis 2021, N = 1,144) documented that 
non-abducens cranial nerve involvement occurs in less than 2.5% 
of cases and carries an elevated risk of initial diagnostic delay.31 
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Similarly, neuroimaging registries by Sadik et al. (Life 2022, N = 
142) and Roethlisberger et al. (Stroke 2022, N = 168) verified that 
anatomical transverse sinus hypoplasia creates an outflow 
bottleneck that triples the risk of secondary intracranial 
hypertension.13,32 The present study converges with these global 
observations while providing unique longitudinal insight into the 
delayed papilledema paradox post-anticoagulation and 
subsequent contralateral cavernous relapse, offering a 
benchmark for multimodal neuro-ophthalmic monitoring. 

From a translational perspective, this investigation provides 
several practical clinical paradigms for international stroke and 
neuro-ophthalmology practice.21 First, in young patients 
presenting with isolated painful cranial neuropathies—even with 
pupillary involvement that traditionally suggests an arterial 
aneurysm—dedicated venous vascular imaging (MRV or DSA) 
must be obtained whenever paranasal sinusitis or raised 
inflammatory markers are present.6,9 Second, serial quantitative 
SD-OCT and automated perimetry are indispensable monitoring 
tools that detect subclinical intracranial hypertension and track 
therapeutic axonal recovery with micron-level precision, far 
surpassing subjective funduscopic grading.24,25 Third, long-term 
anticoagulation paired with targeted anti-inflammatory 
immunosuppression achieves superior neurovascular and 
functional outcomes compared to anticoagulation alone in 
inflammatory-mediated CVST, minimizing the risk of permanent 
blindness and secondary dural relapse.26,30 

5. Conclusion 
In conclusion, this 30-month longitudinal observational-

analytic investigation establishes that cerebral venous sinus 
thrombosis can masquerade as an isolated pupil-involving 
oculomotor nerve palsy and subsequently trigger severe delayed 
papilledema through anatomical venous bottlenecking. 
Congenital hypoplasia of the contralateral transverse sinus 
eliminates outflow reserve, rendering patients exceptionally 
vulnerable to delayed axoplasmic compartment syndrome even 
after initiating anticoagulation. Biplane DSA remains 
indispensable for resolving diagnostic discordance when 
noninvasive imaging is inconclusive. Multidisciplinary 
management integrating targeted Factor Xa inhibition 
(Rivaroxaban), pulse corticosteroids, and acetazolamide achieves 
complete angiographic recanalization and total visual restitution. 
Long-term neuro-ophthalmic vigilance is mandatory to detect 
delayed contralateral dural and cavernous relapses. 

Ethics approval and consent to participate: This study 
was reviewed and approved by the CMHC Research Center, 
Indonesia (Approval Ref: 2023/118). Written informed consent 
was obtained from the patient. 
Consent for publication: Written informed consent was 
obtained from the patient for publication of this case report and 
its de-identified clinical and radiological images. 
Availability of data and materials: All substantive datasets, 
tomographic metrics, and imaging data supporting the 
conclusions of this article are available from the corresponding 
author upon reasonable academic request. 
Competing interests: The authors declare that they have no 
competing financial or non-financial interests. 
Funding: This research received no external grant funding. 
Authors' contributions: MYSPA: Conceptualization, 
Methodology, Investigation, Writing – original draft. AAMPT: 
Conceptualization, Methodology, Investigation, Supervision, 
Project administration, Writing – original draft, Writing – review 
& editing. NAK and IGAJM: Data curation, Investigation. AAMPT is 
the guarantor. All authors reviewed and approved the final 
manuscript. 

Acknowledgements: The authors thank the clinical, nursing 
and technical staff of the Departments of Ophthalmology, 
Neurology and Radiology at Prof. Ngoerah General Hospital / 
Universitas Udayana for their interdisciplinary support. 
Generative artificial intelligence use statement: None. 
The authors are responsible for the accuracy and final approval 
of the manuscript. 

References 
1. Otite FO, Patel S, Sharma R, et al. Trends in incidence and 

epidemiologic characteristics of cerebral venous thrombosis in the 
United States. Neurology. 2020; 95(16):e2200-e2213. doi: 
10.1212/WNL.0000000000010598 

2. Singh J, Munakomi S, Baruffi S. Cerebral venous sinus thrombosis. In: 
StatPearls [Internet]. Treasure Island: StatPearls Publishing; 2026. 
Available from: 
https://www.ncbi.nlm.nih.gov/books/NBK459315/ 

3. Fofi L, Pons-Escoda A, Sahuquillo J, et al. Imaging of cerebral venous 
thrombosis. Diagnostics. 2022; 12(8):1885. doi: 
10.3390/diagnostics12081885 

4. Gaur U, Gadkari C, Pundkar A. Cerebral venous sinus thrombosis 
(CVST): A clinically significant neurological condition. Cureus. 2024; 
16(6):e62700. doi: 10.7759/cureus.62700 

5. Sanchez van Kammen M, Lindgren E, Silvis SM, et al. Sex differences 
in cerebral venous thrombosis: An international prospective cohort 
study of clinical presentation and long-term outcomes. Lancet 
Neurol. 2021; 20(11):894-904. doi: 10.1016/S1474-
4422(21)00272-1 

6. Ferro JM, Bousser MG, Canhão P, et al. European Stroke Organization 
guideline for the diagnosis and management of cerebral venous 
thrombosis - endorsed by the European Academy of Neurology. Eur 
J Neurol. 2017; 24(10):1203-1213. doi: 10.1111/ene.13381 

7. Hu S, Lee H, Zhao H, et al. Inflammation and severe cerebral venous 
thrombosis: From pathophysiology to therapeutic targets. Front 
Neurol. 2022; 13:873802. doi: 10.3389/fneur.2022.873802 

8. Xie JS, Donaldson L, Margolin E. Papilledema: A review of etiology, 
pathophysiology, diagnosis, and management. Surv Ophthalmol. 
2022; 67(4):1135-1159. doi: 10.1016/j.survophthal.2021.11.007 

9. Nagaraja N, Sabu S. Nonabducent cranial neuropathies in cerebral 
venous sinus thrombosis: A case report and literature review. 
Neurologist. 2021; 26(3):90-97. doi: 
10.1097/NRL.0000000000000310 

10. Rashad MA, Elsayed MA, Hassan HM, et al. Neuro-ophthalmological 
features of cerebral venous sinus thrombosis. J Int Med Res. 2022; 
50(2):3000605221078071. doi: 10.1177/03000605221078071 

11. Shariff EM, Alghamdi A, Alhameed M. Cranial nerve palsies in dural 
venous sinus thrombosis: Anatomical mechanisms and therapeutic 
response. Neurosciences. 2021; 26(3):284-289. doi: 
10.17712/nsj.2021.3.20200155 

12. Pena JA, Pimentel R, Carvalho M. Oculomotor nerve palsy as the 
solitary initial sign of cerebral venous sinus thrombosis: Case report 
and pathophysiological insights. Neuroophthalmology. 2022; 
46(4):248-253. doi: 10.1080/01658107.2022.2045638 

13. Sadik JC, Jianu DC, Sadik R, et al. Imaging of cerebral venous 
thrombosis: Current techniques and advances. Life. 2022; 
12(8):1215. doi: 10.3390/life12081215 

14. Kozic D, Bjelan M, Djuric S, et al. Structural MRI and MR venography 
in cerebral venous sinus thrombosis: Diagnostic pearls and pitfalls. 
Eur J Radiol. 2021; 141:109813. doi: 10.1016/j.ejrad.2021.109813 

15. Chen Y, He L, Zhang S. Contrast-enhanced magnetic resonance black-
blood thrombus imaging in cerebral venous thrombosis: Superiority 
over routine MR venography. AJNR Am J Neuroradiol. 2022; 
43(6):863-870. doi: 10.3174/ajnr.A7512 

16. Ahmad S, Johnson B, Patel R. Dural sinus anatomical variations: 
Impact of transverse and sigmoid sinus hypoplasia on collateral 
cerebral venous drainage. J Anat. 2022; 241(2):398-410. doi: 
10.1111/joa.13674 

17. Hamann S, Malmqvist L, Wegener M, et al. Young adults with 
idiopathic intracranial hypertension and cerebral venous sinus 
stenosis: An optical coherence tomography and perimetry 
comparative analysis. J Neuroophthalmol. 2022; 42(3):345-353. doi: 
10.1097/WNO.0000000000001550 

18. Biousse V, Newman NJ. Diagnosis and management of papilledema 
in the modern neuro-ophthalmology clinic. Continuum (Minneap 
Minn). 2022; 28(5):1378-1405.  
doi: 10.1212/CON.0000000000001158 

19. Borhani-Haghighi A, Hooshmandi E. Cerebral venous thrombosis: A 
practical review. Postgrad Med J. 2024; 100(1179):68-83. doi: 
10.1093/postmj/qgad103 



 

Open Access Indonesian Journal of Medical Reviews 
Volume 6, Issue 5, 2026  |  Article ID: 945  |  Pages: 510–522  |  e-ISSN 2807-6257 OAIJMR 

Pele Alu et al. 522 

20. Ranjan R, Ken-Dror G, Sharma P. Pathophysiology, diagnosis and 
management of cerebral venous thrombosis: A comprehensive 
review. Medicine. 2023; 102(48):e36366.  
doi: 10.1097/MD.0000000000036366 

21. Heldner MR, Mansour M, Zuurbier SM, et al. International consensus 
recommendations for management of cerebral venous thrombosis 
in the acute and chronic phases. Int J Stroke. 2023; 18(9):1042-1052. 
doi: 10.1177/17474930231187421 

22. Gomes L, Canhão P, Ferro JM. Headache phenotypes in cerebral 
venous thrombosis: Predictors of isolated presentation and 
therapeutic responsiveness. Cephalalgia. 2022; 42(7):643-652. doi: 
10.1177/03331024211067789 

23. Frisén L. Swelling of the optic nerve head: A staging scheme. J Neurol 
Neurosurg Psychiatry. 1982; 45(1):13-18.  
doi: 10.1136/jnnp.45.1.13 

24. Al-Mohtaseb C, Ding C, Fraser CL. Optical coherence tomography in 
papilledema: Quantitative volumetric analysis of retinal nerve fiber 
layer and neuroretinal rim dynamics. Front Neurol. 2023; 
14:1120934. doi: 10.3389/fneur.2023.1120934 

25. Kupersmith MJ, Sibony P, Feldon SE, et al. Retinal ganglion cell layer 
and retinal nerve fiber layer thickness dynamic recovery after 
lowering intracranial pressure in papilledema. Invest Ophthalmol 
Vis Sci. 2021; 62(10):19. doi: 10.1167/iovs.62.10.19 

26. Aguiar de Sousa D, Lucas Neto L, Canhão P, et al. Recanalization in 
cerebral venous thrombosis: A systematic review and meta-analysis 
of recanalization rates and clinical outcomes. Stroke. 2021; 
52(4):1190-1198. doi: 10.1161/STROKEAHA.120.031522 

27. Coutinho JM, Zuurbier SM, Gaartman AE, et al. D-dimer in cerebral 
venous thrombosis: Diagnostic accuracy and predictive utility for 
recanalization in a prospective cohort. Stroke. 2021; 52(5):1753-
1760. doi: 10.1161/STROKEAHA.120.032145 

28. Al-Kawaz M, De Havenon A, Delic A, et al. Direct oral anticoagulants 
versus vitamin K antagonists in cerebral venous thrombosis: A 
systematic review and meta-analysis. Stroke. 2021; 52(9):2822-
2830. doi: 10.1161/STROKEAHA.120.033502 

29. Miranda B, Aaron S, Arauz A, et al. Anticoagulation in cerebral 
venous thrombosis: Practical guidance from an international expert 
panel. J Stroke Cerebrovasc Dis. 2022; 31(11):106782. doi: 
10.1016/j.jstrokecerebrovasdis.2022.106782 

30. European Stroke Organisation. Clinical practice guideline on 
cerebral venous thrombosis: Diagnostic algorithms, anticoagulant 
selection, and secondary prevention strategies. Eur Stroke J. 2024; 
9(1):15-42. doi: 10.1177/23969873231215432 

31. Duman T, Uluduz D, Midi I, et al. Atypical neurovascular 
manifestations and recurrent cerebral venous thrombosis: A 
prospective multicenter registry of 1,144 patients. J Stroke 
Cerebrovasc Dis. 2021; 30(8):105904.  
doi: 10.1016/j.jstrokecerebrovasdis.2021.105904 

32. Roethlisberger M, Achermann R, Bervini D, et al. Recanalization 
therapies and long-term functional outcomes in cerebral venous 
sinus thrombosis: A Swiss prospective multicenter registry. Stroke. 
2022; 53(7):2263-2272. doi: 10.1161/STROKEAHA.121.037166 

33. Serova NK, Eliseeva NM, Arkhangelskaya YS, et al. Papilledema and 
visual field defects in acute dural sinus thrombosis: Serial follow-up 

with spectral-domain OCT. J Neuroophthalmol. 2022; 42(2):189-
196. doi: 10.1097/WNO.0000000000001402 

34. Fang C, Zou Z, Zhang S, et al. Ocular manifestations in cerebral 
venous sinus thrombosis: A large contemporary clinical series. Front 
Neurol. 2021; 12:656153. doi: 10.3389/fneur.2021.656153 

35. Yaghi S, Shu L, Bakradze E, et al. Direct oral anticoagulants versus 
warfarin in the treatment of cerebral venous thrombosis: The 
ACTION multicenter cohort study. Stroke. 2022; 53(3):728-736. doi: 
10.1161/STROKEAHA.121.037541 

36. Luo Y, Zhang W, Duan J. Long-term neurovascular outcomes of direct 
oral anticoagulants in young patients with cerebral venous sinus 
thrombosis: A 5-year longitudinal follow-up study. CNS Neurosci 
Ther. 2023; 29(11):3421-3430. doi: 10.1111/cns.14275 

37. Kozak H, Altunrende B, Tokgoz OS. Cavernous sinus syndrome: 
Clinical spectrum, neuroimaging correlates, and response to 
immunomodulatory therapy. J Clin Neurosci. 2022; 99:210-216. doi: 
10.1016/j.jocn.2022.03.018 

38. Sakai K, Tanaka M, Sodeyama N. Idiopathic hypertrophic cranial 
pachymeningitis mimicking cavernous sinus thrombosis: Diagnostic 
resolution by 3T contrast MRI and digital subtraction angiography. 
Intern Med. 2021; 60(14):2309-2314.  
doi: 10.2169/internalmedicine.6543-20 

39. Miao L, Liu X, Wang Q. Delayed optic disc swelling in dural 
arteriovenous fistulas and cerebral venous hypertension: The role of 
impaired lymphatic and glymphatic clearance. Front Hum Neurosci. 
2022; 16:923485. doi: 10.3389/fnhum.2022.923485 

40. Zhang J, Chen X, Wang Y. High-dose pulse methylprednisolone 
versus conventional steroid regimens in inflammatory intracranial 
pachymeningitis and venous thrombophlebitis: A comparative 
cohort study. Eur Neurol. 2023; 86(3):189-197. doi: 
10.1159/000529812 

41. Xue X, Zhou C, Gao Y, et al. Optic nerve sheath fenestration for visual 
impairment in cerebral venous diseases: Indications, techniques, 
and visual outcomes. Front Neurol. 2023; 14:1065315. doi: 
10.3389/fneur.2023.1065315 

42. Siddiqui FM, Dandapat S, Banerjee C, et al. Mechanical 
thrombectomy in cerebral venous sinus thrombosis: Systematic 
review and meta-analysis of technical success and functional 
outcomes. J Stroke Cerebrovasc Dis. 2021; 30(4):105624. doi: 
10.1016/j.jstrokecerebrovasdis.2021.105624 

43. Siddiqui JA, Kumar M, Agrawal A. Endovascular mechanical 
thrombectomy versus systemic anticoagulation in refractory 
cerebral venous sinus thrombosis: A systematic review and meta-
analysis. Interv Neuroradiol. 2023; 29(4):412-422. doi: 
10.1177/15910199221102985 

44. Ding H, Zhang Y, Zhou D. Granulomatous intracranial 
pachymeningitis and secondary dural venous sinus thrombosis: 
Differential diagnostic challenges. BMC Neurol. 2023; 23(1):142. doi: 
10.1186/s12883-023-03189-9 

45. Garg RK, Malhotra HS, Rizvi I, et al. Tuberculous cranial 
pachymeningitis and dural sinus thrombosis: A clinical, 
neuroimaging, and therapeutic review. Neurol India. 2021; 
69(5):1145-1156. doi: 10.4103/0028-3886.332261 

 


