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ABSTRACT: Retinal vein occlusion (RVO) represents one of the most prevalent retinal vascular disorders and
continuously stands as a leading cause of visual impairment worldwide. Conventional classification systems for
RVO—predominantly featured by anatomical site as central, hemi-retinal, or branch retinal vein occlusion—
often fail to reflect the underlying etiologic factors exerting crucial influence on individualized patient
management. In an effort to mitigate this gap, we propose an etiologic classification that divides retinal venous
stasis disorders—used here to describe a pathophysiological continuum of impaired retinal venous outflow,
ranging from early venous congestion to retinal vein occlusion—into four distinct groups: (1) intrinsic retinal
venous pathology, (2) local venous compression at arteriovenous crossing points, (3) venous congestion
secondary to translaminar pressure gradient abnormality, and (4) venous outflow obstruction correlated with
cavernous sinus pathology. To introduce and illustrate this new classification, we conducted a narrative
literature review and compiled retrospectively identified illustrative clinical cases. As underscored by our
findings, differing underlying etiologies necessitate distinct diagnostic evaluations and tailored therapeutic
interventions in spite of similar clinical fundus presentations. For example, RVO cases stemming from systemic
inflammatory diseases require targeted immunologic management, whereas those associated with elevated
intracranial pressure demand neurological assessment and appropriate intervention. This etiologically oriented
approach complements traditional anatomical classifications by promoting comprehensive systemic evaluations
and personalized treatment strategies. We propose that implementing this etiologic classification could not only
contribute to ameliorated clinical outcomes but also encourage its further evaluation for potential integration
into routine ophthalmological practice.

Keywords: Retinal vein occlusion, retinal venous stasis disorders, intracranial hypertension, retinal vasculitis,
carotid—cavernous fistula.

INTRODUCTION [1-3]. Typically, attributable to a combination of systemic

and local factors, it occurs when venous outflow from the
Retinal vein occlusion (RVO) encompasses a  retina is partially or completely obstructed. This impaired
heterogeneous group of disorders and is the second most  drainage brings about venous dilation, retinal edema and
common retinal vascular disease after diabetic retinopathy ~ hemorrhage [4-6]. As 0of 2015, RVO affected an estimated
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0.77% of individuals aged 30 to 89 years globally,
corresponding to approximately 28.06 million cases [7].
The incidence increases with age, with cumulative five-
year and ten-year incident rates of 0.86% and 1.63%,
respectively [8-12].

Conventionally, RVO is classified in line with the
anatomical location of the occlusion: branch retinal vein
occlusion (BRVO), hemi-retinal vein occlusion (HRVO)
and central retinal vein occlusion (CRVO) [13]. CRVO
refers to a blockage at or just behind the optic nerve head
[14], HRVO involves one of the major venous trunks [13],
and BRVO affects a peripheral branch vein [15]. Apart
from topographic classification, RVO is also clinically
categorized into ischemic and non-ischemic types,
grounded in the degree of retinal nonperfusion observed
on fundus fluorescein angiography (FFA) [16]. Ischemic

e.g. Vasculitis

Hypercoagulability

RVO is characterized by extensive capillary dropout, the
presence of a relative afferent pupillary defect (RAPD),
and a substantially higher risk of neovascular
complications [17]. In contrast, non-ischemic RVO
typically exhibits limited retinal ischemia, absence of
RAPD, and a more favorable visual prognosis [18]. While
anatomical and ischemic classifications offer important
clinical value, they often provide limited guidance for
etiologic evaluation and individualized management. For
example, two patients presenting with clinically similar
CRVO may have fundamentally different pathogenic
triggers—one resulting from a systemic hypercoagulable
state, and the other stemming from localized mechanical
compression from an adjacent sclerotic artery.

Nonetheless, both cases are categorized identically under
the current framework.

e.g. Hypertension

Arteriosclerosis

e.g. Cavernous
Sinus Thrombosis

Carotid-cavernous Fistula

Figure 1. Etiology-based classification of retinal venous stasis disorders. Retinal venous outflow disorders can be
categorized into four major types: Category 1 involves intrinsic venous abnormalities such as vasculitis and
hypercoagulability; Category 2 is caused by arteriovenous compression, commonly due to hypertension or
arteriosclerosis; Category 3 results from disturbances in the translaminar pressure gradient, as seen in glaucoma or
intracranial hypertension; and Category 4 reflects post-retinal outflow obstruction, including cavernous sinus

thrombosis and carotid-cavernous fistula.
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Recognizing the diverse etiologies that can give rise
to RVO, we propose a reclassification grounded in the
primary mechanism of impaired venous outflow. In this
review, we use the term “retinal venous stasis disorders”
as an umbrella concept for conditions involving impaired
retinal venous outflow, ranging from early venous
congestion to retinal vein occlusion. This approach is
inspired by classification systems used in cerebral venous
disorders, which categorize conditions on the basis of
mechanisms such as thrombosis [19], impaired venous
outflow [20], or idiopathic intracranial hypertension [21].
By focusing on the pathophysiological drivers rather than
fundoscopic anatomy, this model encourages clinicians to
broaden the diagnostic work-up to incorporate systemic,
structural, and neurological contributors. This paradigm
supports more individualized investigations,
encompassing thrombophilia screening or neuroimaging,
when clinically appropriate.

Specifically, we propose an etiologic classification
system comprising four major mechanistic categories
(Fig. 1). As shown in Figure 1, retinal venous stasis
disorders are conceptualized as arising from distinct
sources along the venous drainage pathway: Category 1,
intrinsic retinal venous pathology (e.g., thrombosis,
vasculitis/periphlebitis, hypercoagulability); Category 2,
focal mechanical compression at arteriovenous crossing
sites; Category 3, impaired venous outflow secondary to
an abnormal translaminar pressure gradient at the optic
nerve head (e.g., glaucoma or elevated intracranial
pressure); and Category 4, post-retinal outflow
obstruction involving the cavernous sinus/retro-orbital
venous system (e.g., cavernous sinus thrombosis or
carotid—cavernous fistula).

This framework is intended to complement traditional
anatomic classification by providing a structure for
etiologic reasoning. We suggest that adopting an etiologic
model may support more accurate etiologic evaluation
and inform more targeted therapeutic strategies for
patients with retinal venous stasis disorders. Here, we
outline the four etiologic categories, illustrate them with
representative cases, and compare this cause-based
framework with conventional anatomy-based
classifications to show how etiologic reasoning may guide
a more tailored work-up and management in RVO.

METHODS

Study Design and Methodological Framework

This work presents a conceptual narrative review,
supplemented by illustrative clinical cases, with the aim

of proposing an etiologic, mechanism-oriented
classification for retinal venous stasis disorders. The

review focuses on integrating existing pathophysiological
knowledge rather than on quantitative evidence synthesis
or hypothesis testing. The included cases are intended for
illustrative purposes to demonstrate the clinical
application of the proposed framework, rather than for
formal statistical validation. Cases were assigned
according to the dominant mechanism outlined in Figure
1, with overlapping contributors noted when applicable.

Narrative Literature Review

We conducted a narrative literature review to establish the
conceptual basis for our proposed etiologic classification
of RVO and related venous stasis disorders. Relevant
literature was identified through targeted searches of
PubMed/MEDLINE, Web of Science, and Google
Scholar through December 2025, supplemented by
manual screening of reference lists and authoritative
ophthalmology and neurology textbooks. Search terms
included combinations of “retinal vein occlusion,”
“venous  stasis,”  “etiology,” = “pathophysiology,”
“arteriovenous crossing,” ‘“‘arteriovenous compression,”
“arteriolosclerosis/atherosclerosis,” “hypertension,”
“hypercoagulable,” “vasculitis,” “inflammation,”
“translaminar ~ pressure  gradient,”  “intracranial
hypertension,” and “cavernous sinus.” Articles were
screened for mechanistic and clinical relevance;
duplicates were removed and non-English publications
were excluded. Discrepancies in study selection were
resolved by author consensus. The selected evidence was
synthesized thematically to support the rationale and
structure of the four proposed etiologic categories.

Ilustrative Clinical Cases

To complement the literature-based conceptual
framework, we retrospectively identified representative
clinical cases to exemplify the four proposed etiologic
categories of retinal venous stasis disorders. Cases were
selected based on: (1) a definitive diagnosis of retinal vein
stasis disorders; (2) clinical, laboratory, or imaging
evidence supporting a predominant mechanism consistent
with a specific category; and (3) availability of complete
clinical documentation and multimodal imaging.
Etiological categorization was determined by consensus
of two senior retinal specialists following review of
multimodal ocular imaging and relevant systemic
evaluation. These cases are presented for illustrative
purposes to demonstrate the clinical application of the
proposed framework.

Data Collection
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For each illustrative case, relevant clinical information
was summarized descriptively, including patient
demographics, presenting symptoms, and ophthalmologic
examination findings (best-corrected visual acuity,
intraocular pressure, and fundus examination), as well as
multimodal  retinal imaging, including fundus
photography, FFA, and optical coherence tomography
(OCT). Ancillary systemic evaluations and neuroimaging
findings were included when available and clinically
relevant. Management strategies and clinical courses were
summarized descriptively.

Ethical Considerations

The study complied with the principles of the Declaration
of Helsinki and received approval from the Ethics
Committee of Xuanwu Hospital, Capital Medical
University (Approval No. 2022101). Written informed
consent was obtained from all patients for the use of
anonymized clinical and imaging data for research and
publication. All data were fully de-identified to protect
patient confidentiality.

Etiologic Classification of Retinal Venous Stasis
Disorders

Grounded in the underlying mechanism of venous
outflow impairment, retinal venous stasis disorders may
be stratified into four principal etiologic subtypes. While
each subtype may overlap with traditional anatomical
classifications, they are primarily differentiated by their
distinct pathophysiological mechanisms.

In the following section, we summarize the
pathophysiology, clinical features and key diagnostic or
therapeutic  considerations associated with each
etiological group. This framework lays a solid foundation
for an all-round comprehension of the representative case
reports, each illustrating one of the recommended
subtypes.

Category 1: Intrinsic Retinal Venous Disease
Definition and Mechanism

Intrinsic retinal venous disease refers to etiologies of
RVO that arise from within the retinal vein itself or result
from systemic conditions that alter the intravascular
environment. The primary pathogenic mechanisms
involve intrinsic abnormalities of the blood, such as
hypercoagulability, or of the vessel wall, such as
vasculitis, rather than external compression by
surrounding anatomical structures. In this context, RVO

obstruction. Accordingly, this category encompasses both
thrombotic occlusion, which principally encompasses
intraluminal clot formation, and inflammatory occlusion,
thereby stemming from immune-mediated damage to
retinal veins.

Thrombotic Causes
Thrombophilic Disorders

Both inherited and acquired thrombophilic conditions are
well-established contributors to the pathogenesis of RVO,
particularly in younger patients or those without
traditional cardiovascular risk factors. Among the
inherited forms, the Factor V Leiden mutation, which
confers resistance to activated protein C, has gained the
most profound attention both domestically and
internationally. Meta-analyses have demonstrated a
modestly increased risk of RVO in individuals carrying
this mutation, with odds ratios ranging from 1.49 to 1.66
[22, 23]. Other hereditary thrombophilic disorders have
also been extensively investigated, encompassing protein
C deficiency, protein S deficiency, antithrombin
deficiency, and the prothrombin G20210A mutation [24].
Hyperhomocysteinemia is another non-negligible risk
factor implicated in RVO. It is universally acknowledged
that heightened plasma homocysteine levels elevate
thrombotic risk by triggering endothelial toxicity,
oxidative stress, and boosting platelet aggregation.
Multiple meta-analyses have confirmed a statistically
significant association between hyperhomocysteinemia
and RVO [22, 25-27] .

Antiphospholipid antibody syndrome (APS) is a
major acquired thrombophilic disorder characterized by
the presence of lupus anticoagulant, anticardiolipin
antibodies, and/or anti-f2 glycoprotein I antibodies, along
with clinical manifestations such as venous or arterial
thrombosis. A recent meta-analysis demonstrated a
remarkably higher prevalence of APS in RVO patients in
contrast to control groups, which thereby highlights its
pivotal role in retinal vascular thrombosis [28, 29]. Given
the systemic implications and increased risk of recurrent
thromboembolic events, APS warrants long-term

anticoagulation with vitamin K antagonists once
diagnosed.

Hyperviscosity = Syndromes and Hematologic
Abnormalities

Systemic disorders that elevate blood viscosity can hinder
retinal venous outflow and encourage thrombus
formation, particularly under low-shear or slow-flow

is driven by the classical elements of Virchow's triad—  conditions. Notably, polycythemia vera, essential
venous stasis, endothelial injury, and thrombocythemia, and Waldenstrom's macro-
hypercoagulability—rather =~ than by  mechanical
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globulinemia are tightly correlated with elevated
hematocrit or serum immunoglobulin levels [30-33] .

The resultant hyperviscosity facilitates erythrocyte
aggregation and reduces laminar flow within the retinal
circulation, which is especially vulnerable due to its low
perfusion pressure and absence of collateral drainage. In
some cases, RVO may even represent the initial clinical
manifestation of an occult hematologic malignancy or
paraproteinemia [33, 34].

A comprehensive diagnostic workup is recommended
in patients subject to atypical presentations—such as
bilateral RVO, absence of atherosclerotic risk factors, or
systemic symptoms. This evaluation should encompass
complete blood count, peripheral blood smear, serum
protein electrophoresis, and serum viscosity testing when
clinically indicated.

Inflammatory Causes

Retinal venous occlusion may also result from vascular
inflammation associated with systemic inflammatory
diseases, comprising Behget's disease [35], systemic lupus
erythematosus [36], and sarcoidosis [37], or from
idiopathic retinal periphlebitis[38-40]. These cases
usually necessitate both systemic and local ocular therapy.
A term occasionally applied to mild CRVO in young
patients is "retinal disc vasculitis", considered a possible
inflammatory variant of CRVO. These patients typically
present with optic disc edema and venous congestion but
retain relatively preserved visual function and tend to
have a benign clinical course [41-43]. This phenomenon
is normally considered to mirror an inflammatory-
thrombotic process involving the central retinal vein.

Clinical Features

Patients subject to intrinsic retinal venous disease are
typically younger than 50 years and often lack
conventional cardiovascular risk factors [44]. The
condition may be bilateral or recurrent. Atypical
presentations—such as CRVO in younger individuals—
should prompt evaluation for hypercoagulable states or
systemic vasculitis. For this reason, it is essential to
conduct a full laboratory workup, which encompasses
coagulation  studies, autoimmune panels, and
inflammatory markers.

Management Implications

Other than standard treatments for RVO (e.g., intravitreal
anti-VEGF injections, laser photocoagulation for non-
perfusion areas or macular edema), it also holds
paramount implications to throw light upon and cope well
with the underlying systemic cause. Typically, under

hematologic guidance and systemic anticoagulation,
antiplatelet therapy, or plasmapheresis may be
indispensable for thrombotic events in severe cases. More
importantly, systemic corticosteroids or steroid-sparing
immunosuppressants may be indicated for inflammatory
etiologies, and it is often beneficial to establish a
collaboration with a rheumatologist or internist.

Prognosis

Visual outcomes are highly variable in intrinsic retinal
venous disease. Prognosis is generally favorable with
prompt diagnosis and treatment of the systemic condition
and limited retinal ischemia. Nonetheless, delays in
managing systemic factors can give rise to recurrence or
involvement of the contralateral eye. Long-term follow-
up is advised, especially in patients suffering from
systemic diseases that may affect multiple organ systems,
comprising patients’ eyes. The following case illustrates
an example of intrinsic retinal venous disease secondary
to systemic inflammation.

Case 1: RVO on account of Systemic Inflammation

A 39-year-old woman presented with a 6-month history
of progressive bilateral visual loss and floaters. Best-
corrected visual acuity (BCVA)was 20/50 OD and 20/63
OS. IOP and anterior segment examination were within
normal limits. No hemorrhages were observed on fundus
exam. FFA disclosed mid-peripheral capillary
telangiectasia and late leakage in the right and left eyes,
respectively. OCT was unremarkable (Fig. 2). She had a
past medical history of SLE, antiphospholipid syndrome,
Sjogren's, and Hashimoto's disease, with positive
immunological markers encompassing anti-Ro-52, anti-
SS-B, anticardiolipin IgG, and augmented anti-dsSDNA
antibodies.

Given the presence of inflammation and the
capability of hypercoagulability to affect venous outflow
without occlusive phenomenon, the diagnosis was
classified on the basis of an immune-mediated
periphlebitis. In the aftermath of the rheumatology
consultation, she received IV methylprednisolone
followed by oral prednisone and hydroxychloroquine.
Bilateral PRP was performed. Vision remained stable
with no neovascularization or hemorrhage.

Category 2: Retinal Vein Compression from Sclerotic
Artery

Definition and Mechanism
This category describes RVO resulting from mechanical

obstruction of the vein by neighboring arteries, usually at
arteriovenous crossings (AVCs) [45]. Retinal arteries may
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stiffen and thicken with time associated with systemic
disorders like arteriolosclerosis and hypertension [46].
When an arteriosclerotic artery is lying across the vein it
is likely to press upon, occlude the flow of blood through
it, and trigger thrombosis at the point of pressure. This
phenomenon is classically involved in BRVO: small veins
that traverse beneath arteries are less severely affected
than those that cross over arteries [47]. In other instances,
A

this compressive force may conduct a pivotal role in
hemi-CRVO or CRVO, as the central retinal vein passes
through the tight anatomic confines of the lamina cribrosa
and sheath of the optic nerve. To be more specific, this
force may be compressed by neighboring arterial
structures, especially in the setting of atherosclerosis or
conditions such as glaucoma [48].

Figure 2. Case 1 — RVO on account of Systemic Inflammation. (A) Color fundus photographs show bilateral venous engorgement
without retinal hemorrhage. (B) OCT reveals preserved macular architecture in both eyes. (C) FFA demonstrates mid-peripheral

capillary telangiectasia with late-phase vascular leakage in both eyes.

Epidemiology and Risk Factors

RVO arising from this underlying reason is most
frequently presented as BRVO and typically affects
patients aged over 50 who have systemic vascular risk
factors [49]. The superotemporal quadrant of retina is the
commonly involved locus, which potentially can be
attributable to the fact that the AVCs are more common
in this area. The most powerful and consistent risk factor
for BRVO is hypertension, which accelerates dramatic
changes in the arterial wall and predisposes to
compression at crossing sites. Other major risk factors
comprise diabetes, hyperlipidemia and smoking, all
giving rise to atherosclerosis. Local ocular factors,
encompassing optic disc drusen and glaucoma can also be
implicated in the case of compression-related CRVO [50].

Pathophysiology

At AVCs, artery and vein have a common adventitial
sheath. In BRVO, the artery presses on the underlying
vein (often after crossing over it) bringing about
mechanical compression of the vein, which causes venous
luminal narrowing, reduced axial flow velocity and

turbulent flow. This altered hemodynamics increases
shear stress on the endothelium with endothelial injury,
cellular proliferation, and wall remodeling with venous
obstruction. The result is a venous obstruction with retinal
bleeding in the area supplied by post-thrombosis [51]. A
similar compressive scenario may take place in HRVO or
CRVO in the close quarters of the lamina cribrosa,
particularly in the presence of atheromatous vessels or
predisposing anatomical factors such as crowded discs or
glaucoma [52].

Clinical Presentation

Patients usually complain the sudden onset of painless
decreased visual acuity or scotomas. Fundoscopy in
BRVO illustrates flame-shaped hemorrhages, macular
edema, dilatation and tortuosity of veins, exudates, and
cotton-wool spots that are localized to the quadrant of
abnormality[53]. In compression type CRVO, such
changes are diffusely observed in all quadrants. As a
consequence of arterial disease, RVO is complicated by
more severe retinal ischemia and larger areas of
nonperfusion. From a clinical standpoint, this disorder is
likely attributable to a pre-existing susceptibility of the

Aging and Disease * Volume 18, Number 2, April 2027

6



Xue X., et al.

Etiologic Reclassification of RVO

retinal perfusion system since the abrupt increase in
venous outflow resistance following the occlusion may tip
the balance from compensated to ischemic marginal
perfusion, with universal capillary dropout [1].

Diagnosis

Fundus examination emerges as the predominant
methodology for precise clinical diagnosis. FFA not only
demonstrates delay in the filling of the involved vein, but
also suggests non-perfused capillary areas in ischemic
presentations. Relative afferent pupillary defect may be
present. OCT is mandatory to look for macular edema,
which is the most prevalent complication [54]. Beyond
conventional imaging, emerging evidence suggests that
structural and vessel-related features at arteriovenous
crossings may serve as early indicators of compression-
related BRVO. Using multimodal deep learning applied
to pre-onset fundus hemisection images can predict the
future development of BRVO, supporting a mechanism-
based interpretation of venous compression before
clinical occlusion becomes evident [55]. A thorough and
systematic assessment should be conducted to detect and
monitor cardiovascular risk factors, including blood
pressure, blood glucose levels, lipid profiles, and arterial
health. Testing for thrombophilia is typically not
recommended unless the patient is very young or has
bilaterally affected eyes that may indicate other causes.
Several studies have suggested that compression-related
RVO may serve as a predictor of future cerebrovascular
events [51, 56].

Management

Ocular management for compression-induced BRVO or
CRVO revolved around macular edema and ischemia.
Intravitreal injection of anti-VEGF therapy is considered
as the first-line treatment for decreasing macular edema
and improving visual acuity. For persistent edema, grid or
focal laser photocoagulation can be used as the second-
line or adjuvant therapy. In patients suffering from
widespread retinal ischemia by FA, panretinal
photocoagulation (PRP) is the treatment of choice to
avoid complications like vitreous hemorrhage, or
neovascular glaucoma. Altogether, treatment lowering
intraocular pressure should be initiated upon the presence
of glaucoma or intraocular hypertension.

Systemic Risk Factor Control

Equally crucial is the management of systemic vascular
risk factors. Tight control of hypertension, diabetes, and
lipid profile is useful for preventing recurrence of RVO or
involvement of the contralateral eye. In such case, it is

strongly recommended to probe deep into modifiable
lifestyle factors comprising smoking cessation and
regular physical activity. Consultation with internal
medicine, cardiology, or neurology may be indicated to
provide systemic vascular evaluation and therapy.

Prognosis

A significant proportion of BRVO patients will regain at
least some visual function, particularly if macular edema
is treated expeditiously. Prognosis is grounded in macular
involvement and degree of ischemia. Ischemic CRVO
illustrates a less satisfactory visual prediction and a more
significant chance of developing complications such as
neovascular glaucoma. Despite the fact that this new
etiologic classification does not change clinical practice
as it currently stands for ocular therapies, it underlines the
magnitude  of  understanding the  underlying
pathophysiology and reinforces the necessity of managing
systemic vascular risk factor management in these
patients [17, 57].

Case 2: RVO secondary to AVCs

A 52-year-old male suffering from hypertension and
hypercholesterolemia presented with four days of visual
field defect and decreased right eye vision. Visual acuity
remained 20/50 OD and 20/40 OS. Fundus displayed
dilated veins, hemorrhages and arterial compression in the
inferotemporal quadrant. FA revealed leakage and
nonperfusion; OCT illustrated cystoid macular edema
>500 pum. Systemic workup revealed uncontrolled
hypertension with 200/90mmHg and high low-density
lipoprotein (LDL). There is no evidence of thrombophilia
or inflammation. Glaucoma was ruled out. (Fig. 3)

He received two intravitreal ranibizumab injections,
improving visual acuity to 20/40 and reducing edema. A
total of five injections were given over one year with
stable disease. No laser was performed.

This classic ischemic BRVO case emphasizes both
local compression and systemic risk control.

Category 3: Venous Stasis Related to Translaminar
Pressure Gradient Abnormality

Definition and Background

Venous stasis retinopathy resulting from translaminar
pressure gradient (TPG) abnormalities represents a
distinct clinical entity characterized by impaired retinal
venous outflow spawned from an imbalance between
intraocular pressure (IOP) and intracranial pressure (ICP).
The lamina cribrosa, a sieve-like structure in the sclera
through which the optic nerve fibers and central retinal
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vein pass, normally maintains a delicate balance of
pressures [58]. Under physiological conditions, a stable
gradient between IOP anteriorly and ICP posteriorly
ensures normal venous drainage and axoplasmic flow.
Disruption of this pressure equilibrium as a result of either
heightened ICP, such as idiopathic intracranial

A

hypertension (ITH), cerebral venous sinus thrombosis
(CVST), venous sinus stenosis (VSS), intracranial
tumors, or meningitis [59] or heightened IOP (as observed
in acute angle-closure glaucoma or advanced open-angle
glaucoma) [60] triggers venous congestion at the optic
nerve head, mimicking or contributing to RVO.

Figure 3. Case 2 — RVO secondary to AVCs. (A) Color fundus photograph of the right eye shows extensive intraretinal
hemorrhages and venous dilation in the inferotemporal quadrant, with arteriovenous crossing suggestive of local compression. (B)
OCT reveals cystoid macular edema with central retinal thickness exceeding 500 pm. (C) FFA demonstrates capillary nonperfusion
and late-phase leakage in the corresponding area. (D) Fundus and OCT images at 6-month follow-up show significant resolution of
hemorrhages and restoration of normal macular contour after intravitreal ranibizumab treatment.

Pathophysiology

Under normal conditions, retinal venous blood drains
efficiently through the central retinal vein at the lamina
cribrosa without significant resistance. Nonetheless, the
pressure within the subarachnoid space surrounding the
optic nerve increases with the increment of ICP, giving
rise to axoplasmic flow obstruction and subsequent
papilledema. The resulting edema compresses the optic
nerve head, mechanically narrowing the peripapillary
retinal veins, increasing venous outflow resistance and
resulting in venous stasis [61].

Likewise, remarkably augmented 1OP, especially in
glaucomatous eyes, leads to anterior displacement and
mechanical compression of the lamina cribrosa,
constricting the lumen of the central pathophysiological
endpoint of impaired venous drainage across the lamina
cribrosa, defined as translaminar pressure gradient
abnormality [62].

Clinical Features

Patients experiencing augmented ICP typically present
with symptoms suggestive of raised intracranial pressure,
comprising persistent headaches, transient visual
obscurations, pulsatile tinnitus, diplopia, and occasionally
nausea or vomiting [19]. Ophthalmoscopic examination
classically reveals bilateral optic disc swelling
(papilledema), peripapillary hemorrhages, and marked
venous congestion. These retinal findings are frequently
bilateral, symmetric, and accompanied by minimal
peripheral retinal ischemia [63].

In contrast, patients suffering from heightened IOP on
account of acute angle-closure glaucoma often present
acutely with ocular pain, blurred vision, halos around
lights, corneal edema, and heightened intraocular pressure
measured via tonometry. Chronic forms, such as
advanced primary open-angle glaucoma (POAG), may
exhibit subtle and slowly progressive visual field defects
until advanced structural optic nerve damage occurs.
Retinal examination may reveal optic nerve head edema,
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dilated and tortuous retinal veins, flame-shaped retinal
hemorrhages, and macular edema, clinically resembling
unilateral CRVO [48].

Diagnostic Evaluation

The key diagnostic objective is to distinguish true
thrombotic RVO from venous stasis arising from
abnormal translaminar pressure gradients. For suspected
ICP elevations, initial evaluation should encompass
comprehensive  neuroimaging—magnetic  resonance
imaging (MRI) with venography (MRV)—to identify
CVST, intracranial masses, or sinus stenosis. Lumbar
puncture is crucial for measuring cerebrospinal fluid
(CSF) opening pressure and analyzing CSF composition
[64]. OCT imaging quantifies papilledema severity, while
automated perimetry assesses visual field defects
associated with optic nerve dysfunction [65].

For heightened IOP-related cases, ophthalmic
examination with precise tonometry, gonioscopy, and
anterior segment imaging is critical. Fundus photography
and OCT of the optic nerve head provide detailed
structural information, differentiating glaucomatous
cupping from papilledema. FFA helps identify
characteristic delays in venous filling or peripapillary disc
leakage, usually without extensive peripheral capillary
non-perfusion seen in thrombotic RVO.

Treatment and Management

The cornerstone of managing translaminar pressure
gradient abnormalities involves promptly restoring
equilibrium between ICP and IOP. Elevated ICP
management typically starts with acetazolamide therapy
to reduce CSF production, supplemented by weight loss
and lifestyle modifications in idiopathic cases [66].
Anticoagulation remains essential for CVST [67], with
endovascular procedures such as venous sinus stenting
indicated when trans-stenotic pressure gradients exceed 8
mmHg  [68]. Surgical options, encompassing
cerebrospinal fluid diversion [69] (ventriculoperitoneal or
lumboperitoneal shunts) or optic nerve sheath fenestration
(ONSF) [70], may be warranted in vision-threatening
cases refractory to medical therapy.

Elevated IOP management comprises topical and
systemic ocular hypotensive medications, hyperosmotic
agents, and prompt laser iridotomy or surgical
interventions for angle-closure glaucoma. In general,
advanced POAG necessitates sustained medical therapy
or surgical interventions (e.g., trabeculectomy or
glaucoma drainage devices) [71] to reach target pressures
and prevent irreversible optic nerve damage. Anti-
vascular endothelial growth factor (anti-VEGF) therapy
generally plays a less paramount role, reserved for

persistent macular edema following adequate pressure
normalization.

Prognosis

With timely recognition and appropriate intervention,
retinal venous stasis can suggest pronounced reversibility
and visual recovery, which generally arises from
translaminar ~ pressure gradient abnormalities.
Nevertheless, prolonged or untreated pressure elevations
risk irreversible optic nerve atrophy, severe visual field
deficits, and permanent vision loss. As a result, it is crucial
to conduct early differentiation between pressure-
mediated venous stasis and thrombotic retinal vein
occlusion, which apparently underscores the significance
of comprehensive interdisciplinary collaboration between
ophthalmologists, neurologists, and glaucoma specialists
in managing these complex cases.

Case 3: Venous Stasis Retinopathy and Intracranial
Hypertension

A 21-year-old woman developed persistent headache,
nausea, vomiting and then diplopia and acute bilateral
vision loss. Fundus exam illustrated bilateral papilledema
with hemorrhages and exudates. OCT confirmed optic
disc swelling with RNFL thickening (133 um OD, 143 pm
OS), while the macula was preserved. Black-blood MRI
revealed bilateral transverse sinus stenosis (Fig. 4);
lumbar puncture revealed ICP >330 mmH-O.

She underwent optic nerve sheath fenestration as
well as venous sinus stenting. Symptomatic improvement
was accompanied by follow-up findings of resolved
papilledema and enhanced visual function. This case
demonstrates the requirement for early ICP management
to preserve vision.

Category 4: Venous Outflow obstruction in Cavernous
Sinus Disease

Definition and Mechanism

The cavernous sinus is a venous plexus located at the base
of the skull that receives blood from the superior and
inferior ophthalmic veins, which in turn drain the retina
and orbit. Pathological changes within the cavernous
sinus can elevate venous pressure in the ocular circulation
and result in retinal venous stasis [72]. Cavernous sinus
thrombosis (CST) and carotid-cavernous fistula (CCF) are
the two principal conditions in this category.
Notwithstanding the fact that both can obstruct venous
outflow, they demonstrate substantial differences in their
pathophysiology and clinical presentation.
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Figure 4. Case 3 — Bilateral venous stasis retinopathy induced by intracranial hypertension. (A) Color fundus

photographs and OCT from initial presentation show bilateral optic disc edema with flame-shaped hemorrhages and hard
exudates. (B) Follow-up imaging reveals resolution of papilledema and stable macular contour. (C) RNFL thickness plots
confirm initial swelling and subsequent improvement. (D) Black-blood Magnetic Resonance reveals focal stenosis at the

junction of the right transverse and sigmoid sinuses.
Cavernous Sinus Thrombosis (CST)

CST is a deadly disorder usually secondary to infection
(e.g., the extension of untreated sinus or facial infections
through venous channels) or a hypercoagulable state
[73].

Clinical Presentation

Clinical presentation of CST is usually acute onset of
symptoms of severe headache, which may be
accompanied by a fever, orbital pain, proptosis with
eyelid swelling, ophthalmoplegia secondary to cranial

nerve involvement along the course of the sinuses and an
altered mental status. The fundus may illustrate venous
stasis along with hemorrhages that mimic CRVO on
account of high venous pressure [74]. Of significance,
CST is frequently bilateral (as a consequence of
communication between the cavernous sinuses) and is
rapidly progressive as a whole.

Management
CST is amedical emergency. In case of contagious aspect,

debuted intravenous antibiotics are necessary.
Anticoagulation may be employed to prevent thrombus
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propagation.  High-dose  corticosteroids can be
administered to lower inflammation. In general, intensive
care is indispensable [75]. Despite the fact that retinal
findings coincide with resolution of the thrombosis,
priority should be given to life-saving treatment and
prevention of stroke or permanent neurologic damage.

Carotid-Cavernous Fistula (CCF)
Definition and Classification

CCF is a pathological arteriovenous shunt between the
internal carotid artery (ICA) and the cavernous sinus. It
can be spontaneous (SCCF) and traumatic (TCCF) which
comprises up to 75% of cases. CCF are typically classified
by employing the Barrow classification system, which
divides them into four types (A—D) rooted in the arterial
supply and fistula configuration. Type A fistulas are direct
connections between the internal carotid artery (ICA) and
the cavernous sinus (usually traumatic), while Types B—
D are indirect dural shunts involving branches of the ICA
and/or external carotid artery (ECA) [76].

Clinical Features

CCF presentation strikingly hinges on arterial supply,
venous drainage and the engagement of cerebral or cranial
nerve structures. Blood from the ICA is diverted directly
into the cavernous sinus, which contributes to the
elevation of its flow and pressure. This can result in distal
ICA hypoperfusion, resulting in cerebral and ophthalmic
ischemia. Larger shunts bring about more severe
symptoms and faster progression, while smaller ones may
present gradually with milder signs if the circle of Willis
is well-compensated.

Because of the extensive venous connections of the
cavernous sinus, the influx of arterial blood causes
dilatation and arterialization of veins. The most common
drainage pattern is anterior via the superior ophthalmic
vein, bringing about pulsatile proptosis, dilated episcleral
and orbital veins, optic disc edema, retinal venous
congestion, chemosis and cranial nerve palsies affecting
ocular motility [77].

Intracranial hemorrhage may be attributable to
accompanying dural arteriovenous malformations or the
rupture of enlarged veins. Continuous retinal venous
stasis may result in retinal hemorrhage and loss of vision.
Epistaxis may be induced by nasal or nasopharyngeal
venous distension.

Despite the fact that CCF differs from the primary
RVO, this lesion may secondarily cause CRVO by its high
venous pressure and poor ocular outflow. Differing from
idiopathic RVO, secondary CRVO as a consequence of
CCF generally presents with marked ocular and systemic
findings [78, 79].

Diagnosis

CCF is initially suspected in line with clinical signs and
features and finally established through neuroimaging.
CT or MR angiography may reveal superior ophthalmic
vein dilatation with abnormal flow patterns. Nevertheless,
digital subtraction angiography (DSA) remains the gold
standard, providing precise information on fistula
location, size and hemodynamics essential for treatment
planning [79].

Management

The primary treatment goals for CCF reside in vision
preservation, bruit cure and proptosis, and cerebral
ischemia prevention. Treatment is to secure the fistula
with preservation of the patency of the ICA. Management
therapy is rooted in shunt rate, source of arterial
circulation and venous outflow site.

Some conservative options such as carotid
compression can be tried in some slow-progressing
situations; nevertheless, a direct high-flow TCCF in
general does not seem to close spontaneously. The
primary endovascular treatment is to perform a
transarterial or transvenous approach and obliterate the
fistula with detachable balloons, micro-coils, Onyx glue
or a covered stent [80, 81]. These maneuvers, more often
than not, bring about substantial symptom resolution.
Adjunctive therapy consists of intraocular pressure
control and treatment of exposure keratopathy secondary
to proptosis. Surgery may be rarely imperative in
refractory cases.

Prognosis

In the absence of treatment, CCF can be associated with
substantial morbidity and mortality. Visual prognosis is
usually favorable with prompt treatment. However,
persistent venous hypertension can result in optic
neuropathy or secondary glaucoma [77, 82]. Although
ischemic insult can give rise to blindness, it is typical that
in such cases the retinal features resolve following
successful intervention. This updated etiological
classification emphasizes that not all cases appearing as
CRVO are primary ocular events, and some warrant
urgent systemic evaluation and management.

Case 4: CRVO-like Stasis from Carotid-Cavernous
Fistula

A 33-year-old male presented with 2-month duration of
right eye redness, proptosis, vision loss, pulsatile tinnitus
and history of head trauma six months ago. Examination
revealed conjunctival injection, corkscrew veins, mild
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proptosis, intraocular pressure of 28 mmHg OD, sixth
nerve palsy and fundus findings consistent with CRVO.
CTA and DSA demonstrated a right dural AV fistula
with involvement of the cavernous sinus and
A

compromised venous drainage. He was successfully
managed with transcatheter coil embolization. Ocular
medications were topical IOP -reducing agents and
lubricants (Fig. 5).

G

Figure 5. Case 4 —-CRVO-like retinal venous stasis secondary to CCF. (A) Color fundus photographs show retinal venous dilation
and mild congestion in the right eye, with normal appearance in the left eye. (B) OCT reveals preserved macular contour bilaterally.
(C) CTA confirms a right-sided carotid-cavernous fistula involving the cavernous sinus.

The patient underwent successful transvenous
embolization via the femoral vein, with coil deployment
to occlude the fistula. Adjunctive ocular management
encompassed preoperative topical beta-blockers and
carbonic anhydrase inhibitors for IOP control, as well as
artificial tears for ocular surface protection. Within days,
Within just a few days, there was a dramatic amelioration
in both the conjunctival injection and proptosis.
Additionally, the intraocular pressure (IOP) returned to a
normal level of 18 mmHg, with no need for further
medication. No intravitreal injections were required;
retinal signs resolved spontaneously.

Although a follow-up fundus photo wasn't accessible,
all the eye-related symptoms had completely cleared up.
This case illustrates a rare cause of retinal venous stasis
related to post-traumatic DAVF and underscores the
importance of recognizing intracranial venous anomalies
as a cause of ocular pathology.

Other Rare Causes

The four major groups will embrace the majority of
mechanisms for retinal venous stasis. Less frequent
etiologies may comprise other conditions such as CRVO
secondary to a decrease in perfusion pressure, which may
commonly arise from proximal arterial stenosis as a
consequence of carotid artery or ophthalmic artery
stenosis, resulting in a decrease of retinal arterial inflow

and venous congestion [83]. On top of that, orbital masses
[84] or thyroid-related orbitopathy [85] can induce a
mechanical compression of peripheral retinal veins. In
rare cases, these causes should be taken into account for
specific clinical situations.

DISCUSSION

[lustrated by representative cases, this review proposes a
reclassification of retinal venous stasis disorders and
demonstrates its clinical relevance through four
representative cases. Although there might be some
overlap among the different types of venous stasis
disorders, each case illustrates a different pathogenic
mechanism. The major hypothesis is that RVO is a
heterogeneous disease. On this basis, our new
classification takes into account the different etiology of
RVO, whereas traditional classifications have
predominantly taken anatomic localization of the disorder
into consideration.

Our classification proposes an etiology-based
framework encompassing intrinsic venous pathology,
local mechanical compression, translaminar pressure
gradient—related outflow impairment, and cavernous sinus
disorders which have received limited emphasis in the
ophthalmic literature. As summarized in Figure 1, the
framework maps these drivers along the venous drainage
pathway and links each category to an etiology-directed
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diagnostic work-up. Distinguishing CRVO from BRVO
remains important for visual prognosis, however,
anatomic labels alone provide limited guidance for
etiologic evaluation or systemic management. In contrast,
the proposed framework supports a broader diagnostic
work-up—for example, thrombophilia evaluation in
Category 1 and intracranial pressure assessment in
Category 3.

It is particularly noteworthy that this etiological
classification is tailored for an addition rather than a
replacement to the anatomical description. In clinical
practice, cases will still be read out as CRVO or BRVO,
but with the added flavor of something like "CRVO
associated with hypercoagulable state" or "BRVO on
account of compression at the arteriovenous crossing",
such an integrative method allows for a more global view
of the patient.

From an etiologic viewpoint, clinical care can be
reinforced in a diverse array of paramount ways. To start
with, it encourages a more in-depth exploration of non-
typical RVO presentations. Moreover, systemic workup
is imperative as a consequence of higher risk in young
patients or bilaterality (in Cases 1 and 3). Percussive
proptosis and evidence of conjunctival vascular
congestion are signs that should cause one to have
suspicion for pathology of the cavernous sinus (Case 4).
Even quite typical BRVO requires cardiovascular risk
evaluation (Case 2). On top of that, this categorization
facilitates personalized care by treating etiology.

Intravitreal anti-VEGF injections are currently the
first-line treatment for macular edema and neovascular
complications. Nonetheless, between 50 to 56% of these
patients fail to achieve an optimal response and develop
recurrent disease. Identification and treatment of the
underlying cause—e.g., anticoagulation for thrombosis,
immunosuppression for vasculitis, or neurosurgical
intervention for intracranial hypertension or AV
fistulas—may give rise to continuous betterment in both
ocular findings and systemic symptoms. Last but not least,
it is important to know the cause as it affects prognosis.
On account of systemic uncontrolled disease (e.g., severe
hypertension, and coagulation disorders), RVO has a
tendency to relapse. A clear understanding of etiology
enables more tailored counseling and fosters sustained
engagement with chronic systemic treatment.

The cases and classification we present are consistent
with scattered reports in the literature highlighting
atypical causes of RVO. Prior studies have linked BRVO
with systemic hypertension, CRVO in young adults with
hypercoagulable states, and CRVO-like findings in
conditions such as IIH or CCF. Nevertheless, to our
knowledge, no prior publication has formally brought
forth an integrative classification of this kind. By unifying
these diverse mechanisms, our framework encourages

ophthalmologists to expand their diagnostic thinking
when faced with retinal hemorrhage and venous

congestion.
Despite its conceptual utility, this reclassification has
several limitations. Many cases of RVO are

multifactorial, particularly in older patients. For instance,
hypertension may contribute to both local compression
and a prothrombotic state. The four categories are not
mutually exclusive, and overlapping mechanisms may
contribute to the same clinical event. In addition, the
present case series is small and retrospectively assembled,
which limits generalizability and may introduce selection
bias in the illustrative cases. Moreover, the framework is
grounded in qualitative, narrative synthesis rather than
quantitative assessment and lacks external validation.
Future multicenter, prospective studies are needed to
characterize the distribution of etiologic mechanisms in
broader RVO populations and to further evaluate and
refine the proposed classification.

CONCLUSION

To sum up, this new categorization offers a new and wider
view on retinal venous stasis disorders. Through the
examination of illustrative cases, we encourage clinicians
to move beyond a one-size-fits-all concept of "venous
occlusion" and toward a more personalized approach that
takes into account the patient's overall systemic condition
rather than centering around nothing but ocular findings.
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