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ABSTRACT

Introduction: Indirect (dural) carotid—cavernous fistula (CCF) is the most common dural arteriovenous communication.
Pregnancy is a recognized precipitating factor, as hormonal and hemodynamic changes in late pregnancy or at delivery can trigger
fistula formation. However, the occurrence of CCF after delivery is rare, with only a few cases reported in the literature.

Case Presentation: 25-year-old woman developed left eye redness, pain, proptosis, tearing, and progressive visual blurring
starting one week postpartum after a pre-eclamptic cesarean delivery at 33—-34 weeks. Examination revealed left eye visual acuity
6/20, elevated intraocular pressure, eyelid edema, conjunctival hyperemia, chemosis, and tortuous “corkscrew” vessels. Fundus
examination showed disc hyperemia and retinal vein dilation. No ocular bruit was detected. Imaging with CT angiography
demonstrated a left internal carotid artery—cavernous sinus shunt.

Discussion: Indirect CCF may mimic orbital inflammatory disorders, making early recognition challenging. Digital subtraction
angiography (DSA) remains the gold standard for diagnosis. Management depends on flow and symptom severity: low-flow dural
fistulas may resolve spontaneously or with manual carotid compression, whereas high-flow or symptomatic fistulas typically
require endovascular embolization with neurosurgeon.

Conclusion: Pregnancy-related hormonal and hemodynamic changes can precipitate indirect dural CCF. While embolization is
the mainstay of therapy, low-flow fistulas may close conservatively. Early detection, prompt imaging, and multidisciplinary
follow-up are essential to preserve vision and optimize outcomes.
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INTRODUCTION

Orbital inflammation is a frequent condition affecting both adults and children, representing most orbital pathologies. The clinical
presentation may be acute, subacute, or insidious, reflecting the wide spectrum of underlying causes. Conceptually, orbital
inflammatory diseases can be classified as either specific, when an identifiable cause is present, or nonspecific, when no clear
etiology is found.! Among conditions that may mimic orbital inflammation is the carotid—cavernous sinus fistula (CCF),> an
abnormal communication between the carotid arteries and the cavernous sinus. The resulting venous congestion often produces
orbital signs, which can be unilateral or bilateral, including orbital discomfort, pulsatile proptosis, conjunctival chemosis,
periorbital edema, and ophthalmoplegia.’

CCF can be further classified anatomically as either direct or indirect. Direct CCF involves a direct communication between the
cavernous segment of the internal carotid artery and the cavernous sinus, whereas indirect (dural) CCF arises from abnormal
connections between the cavernous sinus and dural branches of the carotid artery.* Etiologically, CCF can be traumatic, typically
resulting from penetrating head injuries or major skull fractures, or spontaneous.’ Spontaneous lesions may arise from congenital
arteriovenous malformations, or be associated with systemic conditions such as atherosclerosis, hypertension,® connective tissue
disorders (e.g., Ehlers-Danlos syndrome),” pregnancy, childbirth, or the puerperium.®

Although rare, spontaneous CCF during pregnancy has been well documented and is considered a potential trigger.®'# Studies
suggest that 20-30% of spontaneous CCFs in this context develop during the second half of pregnancy or around childbirth. The
precise mechanism remains unclear, but it is hypothesized that pregnancy-related hemodynamic changes, including elevated
blood pressure, may precipitate rupture of pre-existing cavernous sinus aneurysms.® CCF should be suspected in patients
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presenting with mild proptosis, conjunctival chemosis, or dilated episcleral vessels, particularly when orbital bruits are detected, '
and confirmed through digital subtraction angiography (DSA).? In our patient, orbital inflammation corresponded to an indirect
CCF occurring after pregnancy, which subsequently resolved spontaneously.

CASE PRESENTATION

A 25-year-old woman presented with redness and pain in her left eye that had persisted for a month, beginning one week
postpartum. Over the past two weeks, she experienced progressively blurred vision, tearing, and gradual proptosis. She had been
treated with timolol eye drops twice daily and oral methylprednisolone every eight hours for two weeks without improvement.
Her medical history was notable for pre-eclampsia during pregnancy, with delivery via cesarean section at 33-34 weeks of
gestation one month prior. She denied chest palpitations, recurrent red eye, eyelid masses, diabetes, hypertension, asthma, or
thyroid disease. There was no family history of similar ocular conditions or prior use of spectacles.

On examination, visual acuity was 6/6 in the right eye and 6/20 (PH 6/12) in the left eye. Intraocular pressure measured 18 mmHg
in the right eye and 34 mmHg in the left. Extraocular movements of the left eye were limited in the superomedial, medial, and
inferomedial directions without pain.

Figure 1. A Ocular motility. B was front view when the patient opened her eyes. C. was front view when the patient
closed eye. *Pictures were taken with patient’s consent, Courtesy: RSUD Dr Soetomo

Anterior segment examination revealed proptosis, eyelid swelling, conjunctival hyperemia, episcleral vessel dilation, chemosis,
and temporal corkscrew vessels in the left eye, while the right eye was normal (Figure 1). No orbital bruit was detected. Posterior
segment examination showed a normal right eye, whereas the left eye exhibited tortuous vessels.

Figure 2. An MRI showed no residual masses at the surgical site. There were no infarctions, hemorrhages, masses, or
infectious processes in the brain parenchyma

Magnetic resonance imaging (MRI) revealed no residual masses at the surgical site and no infarctions, hemorrhages, masses, or
infectious processes in the brain parenchyma (Figure 2). The initial working diagnosis was left orbital cellulitis, with differential
considerations including nonspecific orbital inflammation (NSOI) and suspected CCF with secondary glaucoma. Treatment
comprised intravenous ceftriaxone and metronidazole, oral paracetamol, and topical levofloxacin, cenfresh, timolol, and glaupac.

Eleven days later, she returned with worsening blurred vision, pain, redness, proptosis, chemosis, and corkscrew conjunctival
vessels (Figure 3). Fundoscopic examination of the left eye revealed a well-defined optic disc with peripapillary atrophy, disc
hyperemia, and retinal vein dilation, while the right eye remained normal.
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Figure 3: A. Segment anterior. B. Ocular motility, the patient showed a fixed eye C. was left eye showed a defined border
optic disc with peripapillary atrophy, disc hyperemia, retinal vein dilatation, and no intra-retinal hemorrhage *Pictures
were taken with patient’s consent, Courtesy: RSUD Dr Soetomo

Computed Tomography (CT) Angiography revealed dilatation and kinking of the superior ophthalmic vein (largest diameter ~3.3
mm) and a shunt between the left internal carotid artery and the left cavernous sinus, with a fistula diameter of ~3.1 mm. Left eye
proptosis was also noted. These findings were consistent with a type A direct carotid—cavernous fistula according to Barrow's
classification. No infarctions, hemorrhages, or infectious processes were identified in the brain parenchyma (Figure 4A). The
patient was referred to neurosurgery for DSA and embolization (Figure 4B).

Figure 4 : A. Computed Tomography (CT) Angiography revealed there was dilatation and kinking of the superior
ophthalmic vein with the largest diameter of +/- 3.3 mm. There were shunting between the left internal carotid artery
(left ICA) and the left sinus cavernous with a fistula diameter of +/- 3.1 mm. Proptosis of the left bulbus oculi. B. Digital
subtraction angiograph examination (DSA) revealed there was a fistula in the meningeal branch of the internal carotid

artery (ICA) with the cavernous sinus.

Subsequently, the patient was diagnosed with a left eye cavernous dural arteriovenous fistula (indirect CCF, type B). She was
instructed to perform manual external carotid compression for 15 minutes every 12 hours while seated, using the contralateral
hand. Routine outpatient follow-up was conducted at Dr. Soetomo Hospital.

Three months later, the patient returned with blurred vision in the left eye. Visual acuity was 6/6 in the right eye and 1/60 in the
left. Intraocular pressures were 14 mmHg and 13 mmHg in the right and left eyes, respectively. The right eye remained normal,
whereas the left eye showed mild conjunctival injection, hyperemia, minimal chemosis, and minimal corkscrew vessels
temporally (Figure 5A). Extraocular movements were full and painless in both eyes. Pupils were 3 mm, round, regular, and
reactive to light bilaterally (Figure 5B). Ocular bruit was absent in the left eye. Fundoscopic examination of the left eye revealed
a pale optic disc with regular borders, without elevation, Paton lines, or vessel obscurations (Figure SC).
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Figure 5: A Segment anterior. B Ocular motility, both eyes were within normal limits C. Funduscopic examination D.
Humphrey Perimetry E. Optical Coherence Tomography (OCT) *Pictures were taken with patient’s consent, Courtesy:
RSUD Dr Soetomo

Visual field examination with humphrey perimetry showed within normal limits in the right eye and general depression in the left
eye (Figure S5D). Optical Coherence Tomography (OCT) in the left eye revealed thinning of the Retinal Nerve Fiber Layer
(RNFL) in the superior and temporal quadrants, thinning of Inner Limiting Membrane-Retinal Pigment Epithelium (ILM-RPE) in
the nasal and inferior quadrants, and also thinning of Ganglion Cell-Inner Plexiform Layer (GCL- IPL in all quadrants (Figure
5E).

Treatment included oral RG choline (2x1 tablet daily) and folic acid (1x1 tablet daily). The patient’s prognosis was considered
quo ad vitam: dubia ad bonam, quo ad functionam: dubia malam, and quo ad sanationam: dubia malam.

DISCUSSION

Pregnancy-related hormonal and hemodynamic changes can precipitate the development of indirect (dural) carotid—cavernous
fistulas (CCFs).® Increased blood volume and vascular flow may enhance arteriovenous shunting, contributing to fistula
formation. Although spontaneous dural CCFs can resolve in 6-43% of cases,'¢ postpartum improvement is rare. Our patient’s
presentation with subtle conjunctival hyperemia, corkscrew vessels, proptosis, elevated intraocular pressure, ophthalmoplegia,
disc hyperemia, and retinal vein dilation, illustrates the insidious onset typical of low-flow, indirect fistulas.

The cavernous sinus (CS) is a dural venous confluence connecting orbital, cranial, and posterior fossa venous systems.!” Cranial
nerves III, IV, V1, V2, and VI traverse the CS,'® making them susceptible to compression and ischemic injury in CCFs,'*? as
evidenced by our patient’s ophthalmoplegia. Imaging is essential for diagnosis, such as CT and MRI?' that show superior
ophthalmic vein dilation and extraocular muscle enlargement, while orbital Doppler can detect abnormal flow.’ Digital
subtraction angiography (DSA) remains the gold standard,®** particularly for subtle dural fistulas. In this patient, CT angiography
revealed a left ICA-CS shunt, consistent with Barrow type A direct fistula.

CCFs can be classified by etiology (traumatic vs. spontaneous), hemodynamics (high vs. low flow), and angioarchitecture (direct
vs. indirect).32!? According to Barrow’s classification, type A refers to direct ICA—CS fistulas (high-flow, usually traumatic),
whereas types B-D are indirect fistulas involving meningeal branches of the ICA, ECA, or both.!3?* Traumatic CCFs constitute
70-75% of cases,” predominantly in young males,?® while spontaneous CCFs account for 25-30%, most commonly affecting
older females? or postpartum women. Pregnancy has been suggested as a trigger for spontaneous dural CCF, though only six
cases have been reported in the literature (Table 1).°'4

Table 1. Characteristics of reported cases of pregnancy-associated spontaneous dural CCF.

Authors Age (years) Onsetduring  Symptoms Location Intervention Clinical course
pregnancy
Doyon and N/A N/A N/A Cavernous N/A N/A
Metzger® sinus
Toyaetal.® 21 6th week Chemosis, Cavernous Abortion Spontaneous
diplopia, sinus improvement
exophthalmos after abortion
25 28th week Pulsatile tinnitus ~ Cavernous None Spontaneous
sinus improvement
after  catheter
o angiography
Lasjaunias et  N/A N/A N/A Cavernous N/A N/A
al.'4 sinus
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Hirataetal!' 32 2nd month Chemosis, Cavernous None Spontaneous
exophthalmos sinus improvement
after delivery
Yeung et 41 30th week Headache, Cavernous Transvenous N/A
al."? chemosis, sinus embolization
diplopia, after delivery
pulsatile tinnitus
Ishigami et 28 23rd week Pulsatile tinnitus ~ Cavernous Transarterial Marked
al.l° sinus embolization improvement
after
intervention

Management depends on flow characteristics and symptom severity.'* High-flow direct fistulas require urgent intervention, while
low-flow indirect fistulas may respond to conservative approaches, including manual carotid compression or endovascular
embolization.?’” Embolization is preferred, achieving closure in over 90% of cases,?® though complications such as thrombosis,
cranial neuropathy, or recanalization may occur.? In this patient, embolization via the superior ophthalmic vein was technically
limited, thus manual carotid compression resulted in symptomatic improvement, though visual acuity remained impaired.

Complications of CCF include hemorrhage,’® elevated intracranial pressure, and vision loss.?? Ocular signs often resolve
immediately after fistula closure, whereas proptosis, chemosis, venous congestion, and disc swelling may take weeks to
normalize. Persistent optic nerve dysfunction, as observed here, highlights the importance of early diagnosis and individualized
management. Differential diagnoses include orbital cellulitis, nonspecific orbital inflammation, thyroid eye disease, retrobulbar
hemorrhage, lacrimal gland tumors, cavernous sinus thrombosis, and vascular malformations.

CONCLUSION

Pregnancy-related hormonal and hemodynamic changes may precipitate indirect dural carotid—cavernous fistulas. Low-flow
fistulas can resolve spontaneously or with conservative measures, such as manual carotid compression, but visual impairment
may persist despite symptomatic improvement. Early recognition, timely imaging, and multidisciplinary management are critical
to preserve vision.
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