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Abstract

Background: Carotid—cavernous fistulas (CCFs) are abnormal arteriovenous communications between the carotid arterial
system and the cavernous sinus, often resulting in orbital venous congestion, proptosis, chemosis, diplopia, and potential
vision loss. While transvenous embolization via the inferior petrosal sinus (IPS) is the standard treatment, anatomical or
pathological barriers may render this approach infeasible, necessitating alternative access routes such as superior ophthalmic
vein (SOV) cannulation.

Aim: This article aims to describe the role of SOV cannulation in the management of CCFs, with particular emphasis on
nursing considerations, procedural indications, technical challenges, multidisciplinary coordination, and patient safety.
Methods: A narrative, practice-focused review was conducted, synthesizing current clinical knowledge on SOV anatomy,
indications, contraindications, equipment, procedural techniques, and nursing interventions involved in SOV cannulation for
CCFs. Emphasis was placed on peri-procedural nursing care and interprofessional collaboration.

Results: SOV cannulation was identified as a highly effective alternative when standard venous access fails, particularly in
indirect dural CCFs with predominant ophthalmic venous drainage. Successful outcomes depend on meticulous anatomical
knowledge, advanced imaging guidance, skilled catheterization, and vigilant nursing monitoring to prevent complications
such as orbital hemorrhage, infection, or visual deterioration.

Conclusion: SOV cannulation remains a critical, though technically demanding, intervention in selected CCF cases. Nursing
expertise and coordinated interprofessional care are vital in optimizing procedural success, minimizing complications, and
promoting positive patient outcomes.

Keywords: Superior ophthalmic vein; carotid-cavernous fistula; endovascular embolization; nursing care; interprofessional
collaboration

Introduction
The superior ophthalmic vein (SOV)

direct (Barrow type A) and indirect (Barrow types B,
C, or D) lesions. Direct lesions result from an

approach for the embolization of carotid-cavernous
fistulas (CCFs) has been utilized for over 25 years as
a specialized technique in neurovascular intervention.
CCFs are abnormal communications between the
carotid artery and the cavernous sinus, leading to
elevated venous pressure and a spectrum of orbital
and ocular symptoms, including proptosis, chemosis,
and potential vision loss. CCFs are classified into

endothelial tear in the carotid artery, while indirect
lesions involve smaller branches of the internal or
external carotid systems. While a subset of CCFs—
particularly low-flow indirect lesions—may resolve
spontaneously ~ or respond to  conservative
management such as carotid compression therapy,
many lesions progress and require interventional
treatment [1][2]. Endovascular approaches have
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revolutionized CCF management. Direct lesions are
generally amenable to endoarterial treatment,
whereas indirect lesions are optimally treated via
transvenous embolization, typically accessed through
the ipsilateral inferior petrosal sinus (IPS). When
conventional venous routes fail due to stenosis,
hypoplasia, or tortuosity, SOV cannulation provides
an alternative pathway. The SOV connects the facial
venous system to the cavernous sinus and serves as a
critical drainage route, making it a valuable access
point for embolization in anatomically challenging
cases. Access to the SOV can be achieved through
the facial-angular venous system or, when necessary,
via direct surgical cutdown. Though less frequently
required today due to advancements in endovascular
techniques, direct SOV cannulation remains an
essential tool in the neurointerventional arsenal

[31[4].

SOV cannulation is indicated particularly in
patients with indirect dural CCFs demonstrating
predominant ophthalmic venous drainage, or in those
with venous thrombosis or anatomical anomalies
precluding transfemoral or transjugular access.
Urgent intervention via the SOV may also be
necessary for patients with severe proptosis and
orbital venous congestion to prevent permanent
visual impairment. Procedural success relies on
detailed knowledge of orbital venous anatomy, as the
SOV originates near the medial canthus from the
angular vein and courses posteriorly toward the
superior orbital fissure. The vein’s small caliber,
tortuosity, and proximity to critical structures, such as
the optic nerve and extraocular muscles, demand
precise catheterization guided by advanced imaging

modalities, including real-time ultrasound,
fluoroscopy, and angiography [5]. The SOV
cannulation  procedure  begins  with  careful

preoperative preparation, which includes sterile field
creation, anesthesia administration, and imaging
guidance to identify and access the wvein. A
micropuncture needle is introduced via a medial
canthal approach, and a guidewire is advanced into
the SOV. Subsequently, a microcatheter is threaded
through the SOV into the cavernous sinus under
fluoroscopic  guidance. Embolization is then
performed using coils, liquid embolic agents such as
Onyx, or detachable balloons to occlude the fistulous
connection.  Postprocedural  imaging  confirms
successful closure, and meticulous hemostasis is
maintained to prevent venous leakage [6].

Despite its utility, SOV cannulation presents
numerous technical challenges. The vein’s small
diameter, tortuosity, or partial thrombosis can
complicate catheter placement. The SOV’s fragility
increases the risk of rupture, orbital hemorrhage, or
inadvertent injury to adjacent structures, including
the optic nerve or arterial branches. Incomplete
embolization can result in persistent symptoms and
may necessitate repeat interventions. Additionally,
infection and thrombophlebitis are potential

Saudi J. Med. Pub. Health Vol. 2 No. 2 (2025)

postoperative  complications,  highlighting  the
importance of diligent patient monitoring and follow-
up [7]. Advances in imaging and catheter technology
continue to enhance the safety and efficacy of SOV
cannulation. Endoscopic-assisted  visualization
improves anatomical accuracy, while robotic-assisted
navigation offers precision in  microcatheter
placement. Bioabsorbable embolic agents may reduce
long-term complications, and artificial intelligence-
assisted imaging analysis enhances procedural
planning, particularly in complex anatomical cases.
Collectively, these innovations aim to optimize
procedural outcomes, minimize complications, and
improve patient safety and long-term visual
prognosis [8][9][10]. In conclusion, SOV cannulation
represents a specialized but critical intervention for
managing CCFs when conventional venous access is
not feasible. Success relies on comprehensive
anatomical knowledge, advanced imaging guidance,
precise catheterization, and careful postoperative
monitoring. Continued technological innovation
promises to refine this technique further, enhancing
both safety and efficacy, and solidifying its role in
contemporary neurovascular practice.

Anatomy and Physiology

The superior ophthalmic vein (SOV) is a
critical component of orbital venous drainage and
serves as a key access route in the endovascular
management of carotid-cavernous fistulas (CCFs). A
thorough understanding of its complex anatomy and
physiology is essential for successful cannulation and
embolization procedures. The SOV is intimately
connected with the cavernous sinus, the orbital
venous system, and numerous critical neurovascular
structures, making precise localization and
catheterization  technically = demanding  [11].
Anatomically, the SOV originates from the angular
vein near the medial canthus of the eye and courses
posteriorly through the orbit. It functions as the
primary venous drainage pathway of the orbit,
collecting blood from both anterior and posterior
orbital veins before draining into the cavernous sinus
via the superior orbital fissure. Key tributaries
include the angular vein, central retinal vein,
vorticose veins draining the choroid, and the lacrimal
and muscular veins, which drain the extraocular
muscles and lacrimal gland [12]. The vein’s
proximity to the optic nerve (CN IlI), oculomotor
nerve (CN IlI), and branches of the ophthalmic
division of the trigeminal nerve (CN V1) increases
the risk of iatrogenic injury during surgical or
interventional procedures. Its valveless structure
permits bidirectional blood flow, which is central to
the pathophysiology of CCF, as retrograde flow into
the orbit results in venous congestion, proptosis, and
chemosis in high-flow fistulas [13].

The SOV is consistently located
approximately 6 mm above the superior eyelid sulcus
on the nasal side. It can also be identified by tracing
the supraorbital vein, which passes through the
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supraorbital notch when present. The vein courses
posteriorly and laterally alongside the ophthalmic
artery, which is positioned posterior and lateral to the
superior oblique muscle. Along its path, the SOV
receives drainage from the ethmoid veins, central
retinal vein, muscular veins, and superior vortex
veins. It crosses the anterior optic nerve and runs
beneath the superior rectus muscle in the
superomedial periorbital cone, which can serve as a
landmark when the vein is not hypertrophied [2].
Anastomoses with the inferior ophthalmic vein are
variable, further adding to anatomical complexity.
Physiologically, the SOV maintains orbital venous
outflow by linking the anterior facial venous system
with the posterior cavernous sinus. Under normal
conditions, blood flows from the orbit to the
cavernous  sinus; however, CCFs produce
arteriovenous shunting that reverses this flow. The
resulting increased venous pressure manifests as
pulsatile proptosis, conjunctival chemosis, and
elevated intraocular pressure. Chronic congestion
may lead to optic nerve compression, ischemic
retinopathy, and secondary glaucoma if untreated
[13].

Superior

ophihalmic \
[ \

Cuvernous
sinus
Inferior ~7:

ophthalmic

Fig. 1: Superior Ophthalmic Vein, Inferior
Ophthalmic Vein, and Cavernous Sinus.

SOV cannulation is indicated when
conventional transvenous approaches, such as via the
inferior petrosal sinus or transfemoral access, are
inaccessible due to thrombosis, stenosis, or
anatomical anomalies. Indirect dural CCFs with
predominant ophthalmic venous drainage also
warrant SOV access. The procedure involves
percutaneous medial canthal access guided by
ultrasound and fluoroscopy. A micropuncture needle
is used to puncture the vein, followed by guidewire
and microcatheter insertion, with navigation through
the superior orbital fissure into the cavernous sinus
for embolization [14]. Challenges in SOV
cannulation include small vein diameter, tortuosity,
anatomical variability, and fragility. Risks involve
venous rupture with orbital hemorrhage, catheter
misplacement leading to optic nerve injury or
inadvertent arterial puncture, incomplete
embolization resulting in residual shunting, and
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postoperative thrombophlebitis or infection [15]. In
conclusion, understanding the detailed anatomy and
physiology of the SOV is critical for safe and
effective cannulation in the management of CCF. The
SOV’s role as the primary orbital venous drainage
channel and its valveless structure contribute directly
to CCF pathophysiology. When conventional venous
routes are unavailable, SOV cannulation provides a
viable alternative for embolization. Meticulous
anatomical knowledge, advanced imaging guidance,
and careful procedural technique are essential to
minimize complications and ensure procedural
success.

Indications

Direct cannulation of the superior
ophthalmic vein (SOV) represents a critical option in
the endovascular management of indirect carotid-
cavernous fistulas (CCFs), particularly when
conventional venous access routes are either
unavailable or have failed. Indirect CCFs, typically
low-flow lesions arising from dural branches of the
internal or external carotid arteries, often present with
a constellation of orbital and ocular symptoms that
indicate the need for intervention. Common clinical
manifestations include pulsatile visual disturbances,
headache, ocular and orbital pain, diplopia,
conjunctival chemosis, proptosis, and the presence of
orbital bruits. These signs frequently correlate with
congestion of the inferior petrosal sinus (IPS) and
retrograde arterialization of the ophthalmic and
orbital venous system, highlighting the underlying
hemodynamic  disturbance  caused by the
arteriovenous communication [16]. The preferred
endovascular approach to indirect CCFs is
transvenous access via the IPS. However, anatomical
variations or pathological alterations, such as
tortuosity, hypoplasia, stenosis, or discontinuity of
the IPS with the proximal jugular venous system,
may preclude safe catheter navigation. In such
scenarios, the SOV provides an alternative route,
leveraging its connection between the orbital venous
system and the cavernous sinus. Access via the
angular and facial veins is commonly attempted
initially; however, small vessel caliber, sharp
angulations, or stenotic segments can pose technical
limitations that prevent successful catheterization.
When these obstacles prevent conventional
transvenous access, direct SOV cannulation through a
medial canthal or surgical cutdown approach
becomes a viable and sometimes necessary strategy
[16].

The decision to employ direct SOV
cannulation is guided by several factors, including the
patient’s clinical presentation, the severity of ocular
and orbital symptoms, the anatomical configuration
of the venous system, and the feasibility of
alternative access routes. Patients with severe
proptosis, vision-threatening venous congestion, or
persistent symptoms despite  conservative or
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conventional ~ endovascular  management  are
considered strong candidates for SOV access.
Additionally, procedural planning considers the
technical complexity of navigating the SOV, the
presence of anatomical variations, and the potential
risks of iatrogenic injury to surrounding structures,
such as the optic nerve, extraocular muscles, or
ophthalmic  artery.  Ultimately, direct SOV
cannulation is indicated when anatomical,
hemodynamic, or procedural factors render other
venous access routes insufficient or unsafe. Its
application allows for precise transvenous
catheterization of the cavernous sinus and successful
embolization of the fistulous communication, thereby
alleviating  orbital venous hypertension and
mitigating the risk of progressive visual and
neurological complications. The selection of this
technique  requires  careful  multidisciplinary
evaluation, meticulous imaging assessment, and
skilled interventional execution to optimize clinical
outcomes [17].

Failed or Inaccessible Inferior Petrosal Sinus
Approach

The inferior petrosal sinus (IPS) is widely
recognized as the standard transvenous route for the
embolization of carotid-cavernous fistulas (CCFs),
serving both direct high-flow and indirect low-flow
lesions. The IPS provides a direct venous pathway
from the cavernous sinus to the jugular venous
system, enabling precise catheter navigation and
controlled embolization. However, anatomical
variations, pathological changes, or previous
interventions may render the IPS inaccessible,
necessitating alternative approaches such as direct
superior ophthalmic vein (SOV) cannulation [18].
Several anatomical and pathological factors can
prevent successful IPS access. Chronic venous
congestion may result in thrombosis of the IPS,
obstructing catheter passage. Congenital hypoplasia
or complete absence of the sinus may further limit the
feasibility of traditional transvenous approaches.
Additionally, prior surgical procedures or radiation
therapy can cause sinus occlusion, fibrosis, or
stenosis. Even in the absence of structural
abnormalities, tortuosity or mechanical obstruction
during attempted catheterization may result in failed
access, highlighting the need for a secondary access
route [18].

Patients with CCF often present with orbital
venous congestion, elevated intraocular pressure
(I0P), and associated ocular symptoms such as
pulsatile proptosis, chemosis, diplopia, and ocular
pain. These manifestations arise from retrograde
arterialized flow into the orbital venous system.
When conventional approaches fail to alleviate these
complications, direct SOV cannulation allows for
targeted embolization, reducing venous hypertension,
restoring physiological venous drainage, and
mitigating vision-threatening sequelae. Indications
for this approach include severe pulsatile proptosis
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with corneal exposure, resistant secondary glaucoma,
progressive optic neuropathy from chronic venous
stasis, and orbital congestion refractory to medical
therapy, including topical beta-blockers or carbonic
anhydrase inhibitors [19]. Indirect dural CCFs,
commonly seen in older adults or post-trauma, may
occasionally  resolve  spontaneously;  however,
persistent lesions with cortical venous reflux, non-
resolving orbital symptoms, or progressive visual
deterioration  necessitate  intervention. SOV
cannulation is indicated when transarterial or
transvenous routes fail or are insufficient, allowing
precise embolization in dural fistulas that are
refractory to conservative measures [20]. Direct high-
flow traumatic CCFs also represent an urgent
indication for SOV access, particularly in cases of
rapid orbital decompensation or acute visual
compromise. These lesions, frequently associated
with basilar skull fractures or penetrating injuries, can
produce severe venous hypertension, optic nerve
compression, and hemorrhagic complications. When
conventional venous access routes are obstructed,
SOV cannulation allows immediate intervention to
restore venous outflow and prevent irreversible vision
loss [21].

In  complex wvascular anatomy, SOV
cannulation is particularly advantageous. Favorable
SOV dilation, underdeveloped IPS, or absent facial
venous connections make it the most direct and
reliable route for accessing the cavernous sinus.
Furthermore, SOV access facilitates controlled
embolization in high-risk patients, reducing the
potential for non-target occlusion and enhancing
procedural safety [22]. Recurrent or residual CCFs
following previous embolization may also necessitate
SOV cannulation. Residual arterialized flow,
incomplete fistula closure, or new-onset orbital
symptoms after initial treatment often require repeat
intervention. The SOV can serve as a reentry
pathway for embolization when traditional
transvenous routes have become compromised [23].
Overall, SOV cannulation provides a technically
challenging yet highly effective alternative when IPS
access is unsuccessful or unsafe. This approach
enables direct transvenous access to the cavernous
sinus, allowing precise embolization of high-flow
direct CCFs, refractory dural fistulas, and severe
orbital venous congestion. Successful outcomes
depend on meticulous preprocedural planning,
advanced imaging guidance, and a multidisciplinary
approach  involving interventional  radiology,
neurosurgery, and ophthalmology teams to minimize
procedural risks and optimize patient outcomes [23].
Contraindications

Superior ophthalmic vein (SOV) cannulation
is a critical endovascular technique for treating
carotid-cavernous fistulas (CCFs), particularly when
conventional transvenous pathways such as the
inferior petrosal sinus (IPS) are inaccessible. While
highly effective, the procedure carries significant
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technical ~ challenges and  potential  risks.
Understanding absolute and relative contraindications
is essential to ensure patient safety, optimize
outcomes, and avoid complications.
Absolute Contraindications

Absolute contraindications represent
situations in which SOV cannulation should not be
attempted because the risk of severe adverse events
outweighs potential benefits. One such condition is
cavernous sinus thrombosis or extensive venous
occlusion. In these cases, poor venous outflow
prevents successful catheter advancement and
increases the likelihood of procedural failure.
Attempting cannulation can cause venous rupture,
embolization, or worsening orbital congestion. In
such scenarios, transarterial embolization or direct
cavernous sinus puncture may serve as safer
alternatives [11]. Orbital cellulitis or active ocular
infection is another absolute contraindication. Active
infection increases the risk of septic embolism,
orbital abscess, or septic thrombophlebitis spreading
to the cavernous sinus. Intervention should be
delayed until infection resolution, often requiring
broad-spectrum antibiotics and surgical drainage if
necessary [11]. Severe proptosis with orbital
compartment syndrome also precludes safe SOV
cannulation. Overly engorged or tense veins are
highly susceptible to rupture, leading to orbital
hemorrhage and further compromise of visual
function. In these patients, lateral orbitotomy or
transarterial embolization may provide safer access
[24]. Severe coagulopathy or ongoing anticoagulation
therapy represents another absolute risk factor.
Hemostatic abnormalities, including
thrombocytopenia or anticoagulant use (e.g.,
warfarin, heparin, or direct oral anticoagulants),
significantly elevate bleeding risk. Uncontrolled
hemorrhage may lead to retrobulbar hematoma and
sight-threatening orbital compartment syndrome.
Optimization of coagulation parameters or alternative
vascular approaches is necessary prior to intervention
[25]. Acute ischemic stroke or intracranial
hemorrhage  constitutes a  further  absolute
contraindication. Manipulation within the orbital
venous system under anticoagulation could
exacerbate intracranial pathology, precipitating
secondary hemorrhagic transformation or rebleeding.
Intervention should be deferred until stabilization of
the acute event [26].
Relative Contraindications

Relative contraindications are conditions
where SOV cannulation remains technically feasible
but requires careful assessment of risks and benefits.
Hypoplastic or absent SOV may make catheterization
extremely difficult, increasing the likelihood of
procedural failure or vessel injury. Preprocedural
imaging, such as Doppler ultrasonography, can aid in
evaluating vein suitability. Alternative access routes,
including the facial or angular veins, may be
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considered [27]. Previous orbital surgery or trauma
can result in fibrosis, scarring, or distorted anatomy.
These changes complicate catheter navigation and
increase the risk of arterial puncture or iatrogenic
injury to orbital structures. Cross-sectional imaging
(CT or MRI) is recommended for procedural
planning [28]. Unstable cardiopulmonary status,
including severe heart failure, pulmonary
hypertension, or arrhythmias, increases the risk of
intraoperative  instability during sedation or
anesthesia.  Optimization of  cardiopulmonary
function is required before attempting SOV
cannulation [29]. Advanced glaucoma with
significant optic nerve damage is also a relative
contraindication. Even transient venous congestion
may worsen optic neuropathy, accelerating vision
loss. Monitoring of intraocular pressure and
consideration of alternative approaches is essential
[30]. Inadequate imaging or poor patient cooperation
can further complicate cannulation, leading to
procedural failure or iatrogenic injury. Sedation,
improved imaging modalities, or alternative
transarterial access may be necessary in such cases
[31].
Precautionary Considerations

Preprocedural planning is essential even in
borderline cases. Imaging to assess orbital venous
drainage patterns, use of real-time fluoroscopy or
ultrasound guidance, and readiness for hemostasis
management are critical. Contingency planning,
including alternative access routes such as direct
cavernous  sinus  puncture or transarterial
embolization, should be established before the
procedure. SOV cannulation is a technically
demanding yet invaluable procedure for CCF
management. Absolute contraindications, such as
cavernous sinus thrombosis, orbital cellulitis, severe
coagulopathy, and orbital compartment syndrome,
render the procedure too high-risk. Relative
contraindications—including small or absent SOV,
prior orbital surgery, unstable cardiopulmonary
status, advanced glaucoma, or inadequate imaging—
require individualized risk-benefit assessment.
Careful patient selection, thorough preprocedural
imaging, and contingency planning are essential to
optimize safety and outcomes in this high-stakes
intervention [27].
Equipment

Superior ophthalmic vein (SOV) cannulation
for carotid-cavernous fistulas (CCFs) is a technically
demanding  procedure  requiring  specialized
equipment to ensure precision, safety, and efficacy.
The procedure is typically performed in a fully
equipped endovascular suite, with anesthesia support
and imaging guidance. Proper orbital exposure and
microsurgical instrumentation are essential for safe
venous access and manipulation. Adequate orbital
exposure is achieved using a combination of
retractors, forceps, and cautery devices. Standard
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microsurgical instruments include Sewell retractors
and ribbon retractors for gentle tissue separation, long
bayonet forceps for deep orbital access, and bipolar
cautery forceps to control bleeding. Neurosurgical
cottonoids are used to protect orbital fat and isolate
the SOV, while muscle hooks allow careful
manipulation of the vein. Ligation bands or sutures
facilitate temporary control of the vessel. An
experienced surgical assistant is critical, as radiology
equipment can limit the surgeon’s mobility during the
procedure [11][27]. Real-time imaging is central to
safe and accurate SOV cannulation. Digital
subtraction angiography (DSA) provides high-
resolution visualization of venous anatomy and
fistula characteristics. Fluoroscopy with road-
mapping enables continuous catheter tracking during
navigation. High-frequency ultrasound probes (7-15
MHz) allow identification of the SOV in situations
where fluoroscopy alone is insufficient. Optional
imaging enhancements include 3D rotational
angiography, which improves visualization of the
cavernous sinus and venous variations, and
microscopes or surgical loupes for magnified
percutaneous access [32].

Cannulation requires precision tools to
minimize vessel trauma. A micro-access kit (21-22G
needle) is used for initial venous puncture, followed
by a micropuncture introducer sheath (4F-5F, short-
length) to stabilize access. Hydrophilic-coated
guidewires (0.014-0.018 in) allow smooth catheter
advancement, and angled or straight microcatheters
(1.5-2.8 F, 110-150 cm) are used to deliver embolic
agents accurately into the cavernous sinus [33]. After
securing SOV access, embolization is performed
using coils, liquid embolic agents, particulate
embolics, or balloon-assisted techniques. Detachable
or pushable coils (3-6 mm) provide gradual
occlusion of the fistula. Liquid embolics, such as N-
butyl cyanoacrylate (nBCA), Onyx, or Squid, enable
permanent closure of high-flow lesions. Particulate
embolics (polyvinyl alcohol, Gelfoam®,
microspheres) are occasionally used for temporary
flow reduction, while dual-lumen balloon catheters
may assist in controlled delivery [34]. Due to the
fragile orbital and cavernous venous anatomy,
measures to control bleeding are essential.
Hemostatic agents such as fibrin sealant, Surgicel®,
or Gelfoam® help manage minor bleeding. Orbital
compression devices prevent venous congestion or
retrobulbar hematoma. Reversal agents such as
protamine or tranexamic acid address unexpected
anticoagulation-related bleeding. Emergency
microsurgical instruments, including an orbital
decompression set, are maintained on standby to
address hemorrhage or vessel rupture [35].
Anesthesia and Patient Monitoring Equipment

Sedation and continuous monitoring are
vital for procedural safety. Sedation infusions
(dexmedetomidine, propofol, or midazolam) provide
patient comfort while permitting cooperation.
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Intraoperative neuromonitoring evaluates optic nerve
and ocular function, and standard noninvasive blood
pressure and oxygen monitoring maintain stable
hemodynamics throughout the procedure. SOV
cannulation for CCF treatment requires integration of
advanced imaging, precise vascular instrumentation,
and appropriate embolization materials.
Microsurgical tools, real-time fluoroscopy and
ultrasound, microcatheters, embolic agents, and
hemostasis equipment collectively ensure procedural
success and minimize complications. The complexity
of the orbit and cavernous sinus necessitates
meticulous preparation, highly skilled personnel, and
careful intraoperative monitoring to achieve optimal
patient outcomes [36].
Personnel

SOV cannulation for CCF is a highly
specialized, high-stakes procedure that requires a
multidisciplinary ~ team  with  expertise  in
neurointervention, orbital surgery, anesthesia, and
critical care. Each team member plays a vital role in
patient assessment, procedural execution, and
postprocedure management, ensuring both safety and
treatment efficacy. The interventional
neuroradiologist serves as the primary operator,
performing cannulation and embolization.
Responsibilities include using digital subtraction
angiography (DSA) and fluoroscopy for real-time
visualization, selecting the optimal access route based
on venous anatomy and fistula complexity, and
delivering embolic agents precisely to achieve
complete fistula closure [11]. Neuro-
ophthalmologists and oculoplastic surgeons provide
expertise in orbital anatomy and microsurgical
technique. They assist with SOV localization, orbital
exposure, and vessel manipulation when a surgical
approach is required. Additionally, they evaluate
ocular complications, venous congestion, and orbital
stasis both before and after the procedure to optimize
visual outcomes [37]. These specialists support
procedural planning and decision-making,
particularly for high- and low-flow CCFs. They
provide backup for alternative access routes and
manage postoperative neurological complications,
including cranial nerve deficits [38]. Anesthesiology
staff maintain hemodynamic stability, administer
conscious sedation or general anesthesia, monitor
airway and vital signs, and ensure patient comfort
throughout the procedure [39]. Nurses prepare the
patient, maintain sterile technique, administer
medications,  monitor  vitals, and  provide
postprocedural care instructions. They also support
emergency readiness during the procedure [40].
These personnel organize and maintain instruments,
microcatheters, guidewires, and embolic materials.
They preserve sterility and ensure seamless workflow
during cannulation [41]. Imaging specialists optimize
fluoroscopy and DSA settings, assist with 3D
guidance and road-mapping, and troubleshoot
imaging equipment to prevent procedural delays or
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errors [42]. Critical care specialists, vascular
surgeons, and backup interventionalists are prepared
to manage complications such as orbital hemorrhage,
venous  rupture, retrobulbar  hematoma, or
thromboembolism. SOV  cannulation  requires
coordinated teamwork across multiple specialties.
Collaborative expertise ensures precise access, safe
embolization, and optimal outcomes in this complex
and potentially vision-threatening procedure [27].
Preparation

Digital subtraction angiography (DSA)
remains the definitive modality for both the diagnosis
and initial therapeutic planning of carotid-cavernous
fistulas (CCFs). Complementary imaging techniques,
including computed tomography (CT), CT
angiography, and magnetic resonance imaging
(MRI), serve as adjuncts when diagnostic uncertainty
exists or when alternative etiologies such as
neoplasms,  posterior ~ communicating  artery
aneurysms, or orbital infections must be excluded. A
comprehensive evaluation encompassing patient
history and focused physical examination is
conducted immediately prior to the procedure to
ascertain the appropriateness and urgency of
intervention [43]. The preparation phase extends
beyond imaging to include thorough patient
assessment, procedural strategizing, equipment
organization, and interprofessional team coordination
[44]. Patient selection begins with a meticulous
clinical assessment of orbital and neurological
manifestations. Symptoms such as proptosis,
conjunctival chemosis, orbital bruit, and elevated
intraocular pressure (IOP) are critically evaluated to
determine the need for immediate intervention.
Additionally, systemic comorbidities, including
coagulopathies, uncontrolled hypertension, diabetes
mellitus, and underlying cardiovascular disease, must
be considered to mitigate perioperative risk and
optimize patient safety [19].

Preprocedural imaging serves multiple
functions. DSA provides definitive characterization
of the CCF, including flow dynamics and fistula type,
guiding the endovascular approach. MRI and MR
angiography delineate soft tissue involvement, orbital
venous drainage  patterns, and  secondary
complications, while CT angiography offers precise
mapping of the superior ophthalmic vein (SOV) and
its anatomical variations. Ultrasonography, including
B-scan and Doppler assessment, aids in evaluating
venous distension, thrombotic risk, and identifying
optimal cannulation sites [22]. Anesthesia planning is
tailored to the patient and procedural complexity.
SOV cannulation may be performed under local
anesthesia with conscious sedation or general
anesthesia, depending on patient tolerance and
anatomical considerations. Intravenous agents such as
midazolam, fentanyl, or propofol are commonly used
to ensure comfort and compliance, while local
infiltration with lidocaine and epinephrine provides
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effective periorbital analgesia [39]. Anticoagulation
and hemostatic status must be carefully reviewed.
Patients on warfarin, direct oral anticoagulants, or
antiplatelet therapy require individualized
adjustments. Intraprocedural anticoagulation with
heparin may be indicated to prevent catheter-related
thrombosis. Preprocedural laboratory assessments,
including complete blood count, prothrombin
time/international normalized ratio, and activated
partial thromboplastin time, are essential to evaluate
coagulation status and ensure procedural readiness
[45].

The surgical and endovascular setup
emphasizes asepsis and precision. Sterile preparation
of the periorbital region and meticulous draping are
crucial. Microsurgical instruments, microcatheters,
guidewires, fluoroscopy-compatible contrast agents,
and embolic materials such as detachable coils,
Onyx, or N-butyl cyanoacrylate (nBCA) must be
prearranged for efficient workflow and rapid
deployment  during the intervention  [46].
Interprofessional coordination ensures procedural
efficacy. The interventional radiologist or
neurosurgeon leads the cannulation and embolization,
supported by neuro-ophthalmologists or oculoplastic
surgeons who provide anatomical guidance and assist
with orbital manipulation. Anesthesiology staff
manage sedation, airway, and hemodynamics, while
scrub nurses and radiology technicians maintain
instrument readiness and sterile technique [47].
Emergency preparedness is critical, with protocols
established to address potential complications
including venous rupture, orbital hematoma, retinal
ischemia from embolic reflux, and acute I10P
elevation. Resuscitation equipment, anticoagulation
reversal agents, and surgical backup must be
immediately  available  [48].  Comprehensive
preparation encompassing patient  assessment,
imaging evaluation, anesthesia strategy, equipment
readiness, and coordinated team effort s
indispensable for the safe and effective execution of
SOV cannulation for CCF. Such meticulous planning
minimizes procedural risks and enhances the
likelihood of successful therapeutic outcomes.
Technique or Treatment

Superior ophthalmic vein (SOV) cannulation
represents a critical intervention for managing
carotid-cavernous fistulas (CCFs), particularly when
conventional transfemoral or transarterial approaches
are inaccessible or unsuccessful. This highly
specialized endovascular technique enables direct
access to the cavernous sinus via the orbit, allowing
precise embolization and effective closure of the
fistulous communication [27]. Prior to the procedure,
informed consent is obtained, emphasizing potential
risks and benefits. The angiography suite is fully
equipped, and a femoral sheath is placed using
standard angiographic protocols. The surgical field is
prepared to include the periorbital region,
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encompassing the eye, eyebrow, forehead, and cheek
to maintain strict asepsis [27]. Preoperative planning
involves  careful patient selection, imaging,
anesthesia, and positioning. SOV cannulation is
indicated for high-flow direct CCFs or low-flow
indirect fistulas where standard venous access is
unfeasible. Detailed imaging with digital subtraction
angiography (DSA), computed tomography (CT)
angiography, and magnetic resonance angiography
(MRA) provides essential information on the
anatomy of the SOV, vascular architecture, and
fistula location. General anesthesia is typically
employed to achieve patient immobilization, and
supine positioning with slight head extension
optimizes orbital access [49]. Surgical exposure
begins with a small medial upper eyelid crease
incision or a sub-brow approach. Blunt dissection
through the orbicularis oculi muscle is performed
while achieving meticulous hemostasis. Various
techniques, including transcutaneous and
transconjunctival approaches, facilitate access to the
SOV, often augmented by Doppler ultrasound or
fluoroscopic guidance when localization is difficult
[14,50]. The orbital septum is opened, and the medial
retroseptal fat pad is dissected to trace arterialized
feeders to the main SOV trunk. In select cases,
osteotomy or additional brow incisions may be used,
though these are generally unnecessary when
anatomical knowledge and exposure are adequate [2].

Once exposed, the SOV is isolated, freed
from surrounding tissues, and encircled with silk
sutures or rubber loops to maintain tension. Venous
access is achieved with a micropuncture needle, and a
microcatheter is advanced under fluoroscopic
guidance toward the cavernous sinus. Confirmation
of proper catheter placement is obtained via contrast
injection [11]. Embolization is performed using
detachable coils, liquid embolic agents such as Onyx
or nBCA, or balloon-assisted techniques in select
cases. Preservation of at least one ophthalmic vein is
recommended to prevent acute increases in
intraocular pressure. Post-embolization angiography
confirms fistula closure before catheter withdrawal,
and the SOV is ligated distal to the insertion site or
closed primarily if the vein is robust. The orbit is
irrigated with antibiotics to reduce infection risk [4].
Postprocedural care includes meticulous hemostasis,
incision closure with absorbable sutures, and
monitoring for complications such as orbital
hematoma, venous thrombosis, or cranial nerve
injury. Follow-up angiography at one and six months
assesses fistula obliteration, while ophthalmologic
evaluations monitor visual recovery and orbital
function [52]. Functional outcomes typically
demonstrate improvement in proptosis, diplopia, and
visual acuity. SOV cannulation is technically
demanding but offers a highly effective alternative
when conventional endovascular routes fail. Success
relies on precise surgical exposure, controlled
catheter navigation, and targeted embolization,
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supported by a multidisciplinary team integrating
interventional neuroradiology, ophthalmology, and
neurosurgery to optimize patient outcomes [53].
Nursing, Allied Health, and Interprofessional
Team Interventions

Superior ophthalmic vein (SOV) cannulation
for carotid-cavernous fistula (CCF) management
requires a highly coordinated, multidisciplinary
approach. Successful outcomes depend on seamless
collaboration among nurses, anesthesiologists,
interventional radiologists, ophthalmologists,
neurosurgeons, and allied health professionals. This
collaboration ensures procedural precision, enhances
patient safety, and facilitates optimal recovery [54].
Preprocedural interventions focus on patient
readiness and risk mitigation. Nurses play a central
role in educating patients about the procedure,
obtaining informed consent, and  providing
psychological support to reduce anxiety. Imaging
specialists perform essential preprocedural studies,
including CT angiography, MR angiography, and
digital subtraction angiography, which inform
procedural planning and delineate the anatomy of the
SOV and cavernous sinus. The anesthesia team
evaluates patient comorbidities, airway management
needs, and sedation requirements to ensure both
safety and comfort. Laboratory personnel assess
coagulation profiles, renal function, and medication
interactions, enabling individualized risk assessment
and preparation [54]. During the procedure,
intraprocedural interventions maintain  stability,
optimize technique, and prevent complications.
Anesthesiologists monitor sedation, airway patency,
and hemodynamics, minimizing physiological
fluctuations that could compromise venous access.
Nurses and radiology technologists assist with patient
positioning, maintenance of the sterile field, and
management of the microcatheter system under
fluoroscopic guidance. Radiology personnel provide
real-time imaging support, guiding catheter
placement, facilitating safe embolic  agent
deployment, and confirming correct positioning
within the SOV and cavernous sinus [55]. Vigilant
monitoring of intraocular pressure, orbital swelling,
and neurological status allows early detection of
complications, including orbital compartment
syndrome. Preprocedural ~ prophylaxis  with
antihistamines or corticosteroids helps prevent
contrast reactions, and emergency medications are
prepared for immediate intervention [55].

Postprocedural  interventions  prioritize
recovery, complication prevention, and patient
education. Ongoing neurological assessment ensures
early detection of cranial nerve dysfunction, venous
congestion, or ophthalmoplegia. Pain management
strategies must balance adequate analgesia with
anticoagulation  considerations to  minimize
thrombotic risk. Nurses provide instruction on
activity restrictions, signs of complications, and the
importance of follow-up imaging. Allied health
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professionals coordinate postprocedural appointments
for neuro-ophthalmologic evaluations, imaging
studies, and rehabilitation therapies when necessary.
Nursing staff reinforce medication adherence and
facilitate multidisciplinary follow-up to ensure fistula
resolution and reduce the likelihood of recurrence
[56]. The successful execution of SOV cannulation is
contingent on a cohesive, interprofessional healthcare
team. The integration of expertise from nursing,
anesthesiology, interventional radiology,
ophthalmology, and allied health disciplines ensures
procedural safety, optimizes technical precision, and
supports comprehensive postoperative care. Vigilant
monitoring, timely intervention, and patient-centered
guidance throughout the perioperative period
significantly enhance clinical outcomes and enable a
safe recovery for patients undergoing this complex
and specialized neurovascular intervention [57].
Conclusion:

Superior  ophthalmic  vein cannulation
represents a specialized yet indispensable option in
the management of carotid—cavernous fistulas when
conventional transvenous routes are inaccessible. Its
effectiveness lies in providing direct access to the
cavernous sinus, allowing targeted embolization and
rapid reduction of orbital venous hypertension.
However, the procedure’s technical complexity and
proximity to critical orbital structures demand
meticulous preparation, advanced imaging guidance,
and strict adherence to safety protocols. Nurses play a

pivotal role throughout the peri-procedural
continuum, including patient education, sterile
preparation, intraoperative  monitoring,  and
postprocedural ~ neurological and  ophthalmic

assessment. Early detection of complications such as
orbital hematoma, increased intraocular pressure, or
cranial nerve dysfunction significantly improves
clinical outcomes. Ultimately, successful SOV
cannulation relies on a coordinated interprofessional
approach  integrating  nursing,  interventional
radiology, ophthalmology, anesthesia, and allied
health expertise. Such collaboration ensures patient
safety, preserves visual function, and enhances
recovery in this high-risk neurovascular intervention.
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