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Clinical Manifestations of Carotid Cavernous Fistula: 

Presumptive Direct versus Indirect 

  

Abstract 

 

Introduction: Carotid Cavernous Fistula (CCF) is an abnormal vascular shunt between 

cavernous sinus and carotid artery. It can be secondary to trauma or can develop 

spontaneously due to pre‑existing aneurysm or medical conditions predisposing to arterial 

wall defects. Direct CCF is a rare condition that occur after craniomaxillofacial trauma. 

Indirect CCF mostly occur in older patients or associated with systemic hypertension. 

Varied clinical presentation of CCFs depends on the anatomy, hemodynamic and size of 

the CCF fistula. Bilateral CCFs are very rare. 

Purpose: To evaluate clinical manifestations in presumptive direct CCF and indirect 

CCF. 

Case Report: Case one, a 16-year-old female with proptosis, blurry eyes, episcleral 

injection, limited of eye movement of right eye since 2 months before came to Cicendo 

Eye Hospital. The patient also complained headache and whooshing sound since 3 weeks 

before. She had history of falling from 2-story stairs 2 months before, followed by right 

facial edema, epistaxis, and vomiting. Her visual acuity was 0.4 and 1.0. The intraocular 

pressure was 21 mmHg on RE and 16 mmHg in LE. The Computed Tomography Scan 

showed fracture on inferolateral orbital margin and zygomatic dextra. The patient planned 

to undergo Digital Subtraction Angiography (DSA) by Neuro-surgery Department. 

Case two, a 67-year-old male with blurry eyes, diplopia, episcleral injection, minimal 

proptosis since 1 week before came to Cicendo Eye Hospital. The patient had history of 

hypertension and diabetes mellitus that treated with medication and had no history of 

trauma.  No whooshing sound reported by patient. His visual acuity was 0.5 and 0.63. 

The intraocular pressure was 25 mmHg on RE and 21 mmHg on LE. There was audible 

bruit in both eyes. The patient planned to undergo Digital Subtraction Angiography 

(DSA) by Neuro-surgery Department.  

Conclusion: CCF can be classified as direct and indirect CCF. Knowledge of signs and 

symptoms of CCF with thorough history taking is essential to differentiate direct and 

indirect CCF and to provide etiology and appropriate recommendations for diagnostic 

and treatment. 
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I. Introduction 

A carotid cavernous fistula (CCF) is an abnormal vascular shunt between 

carotid artery and cavernous sinus. CCF are commonly classified based on the 

hemodynamics properties, anatomy of the shunt, or the etiology. Barrow et al. 

classified CCFs by angioarchitectures into four types-type A, B, C and D. Type A 

CCF, also can be referred to direct CCF, is a communication between the internal 

carotid artery (ICA)-cavernous segment and the cavernous sinus. Type B, C and D 

(low flow) CCFs, there is an abnormal communication between the cavernous 
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sinus, with one or more meningeal branches of the internal carotid artery, external 

carotid artery (ECA) or both, respectively.1-3 

The most common etiology of direct CCF is trauma, such as basilar skull 

fractures, projectile or slash injuries, or iatrogenic injuries, account for 70% to 

75% of all CCFs. Carotid cavernous fistula after trauma occurs in 0.17-0.27% 

patients. Spontaneous CCFs represent 30% of all CCFs and result from aneurysm 

rupture or genetic conditions that predispose the patients to vascular injuries. 

They are most commonly seen in older females and history of systemic 

hypertension. Opposite to indirect CCFs (types B, C, and D), direct CCFs are less 

likely to resolve spontaneously and usually require treatment in symptomatic 

patients.4-6  

Diagnosis of CCF can be suspected by clinical manifestation and further 

confirmed by neuroimaging. First line modalities include CT scan and CTA or 

MRI or MRA. Digital subtraction angiography (DSA) is the gold standard in the 

diagnosis of CCF and must be performed before any intervention. DSA can show 

filling of the cavernous sinus through the fistula and drainage pattern of the 

fistula. 2-4 Here by, we evaluate clinical manifestations in presumptive direct CCF 

and indirect CCF. 

II. Case Report 

Case one, a 16 years old female came to Neuro-Ophthalmology outpatient 

clinic in National Eye Center, Cicendo Eye Hospital with complaining proptosis, 

blurry eyes, lagophthalmos, episcleral injection, limited of eye movement of right 

eye since 2 months before. She admitted of headache, and hearing of whooshing 

sound since 3 weeks before. There was history of trauma, falling from 2-story 

stairs 2 months before, followed by right facial edema, epistaxis, and vomiting. 

She was hospitalized in Mekarwangi Hospital for 1 week and then referred to 

Cicendo. There was no any history of systemic disease. The patient was never 

using any eyeglasses. 

The physical examination revealed the consciousness was compos mentis, with 

the blood pressure measure was 110/70 mmHg, heart rate was 80 beats/min and 

other vital sign was within normal limit. The ophthalmology examination showed 
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15o exotropia, the ocular motility in the right eye (RE) was limited with -3 to 

nasal, -2 to inferonasal and inferotemporal, -2 to lateral, and -4 to superotemporal 

and superonasal, whereas the ocular motility of the left eye (LE) was full. The 

ocular bruit was audible in the right eye. The uncorrected visual acuity of RE was 

0.4 with no improvement on pinhole examination, and LE was 1.0. Intraocular 

Pressure (IOP) was 21 on the RE and 16 on the LE. 

 

 
Figure 1. Limited Ocular Motility of RE and Anterior Segment of the Right Eye 

Showed Corkscrew Appearance 

 

Anterior segment examination on the RE showed the palpebra with 

lagophthalmos 5 mm and proptosis. Conjunctiva bulbi on RE showed chemosis, 

the episcleral injection, corkscrew appearance on conjunctiva, clear cornea, with 

relative afferent pupillary defect grade I. Anterior segment on LE was within 

normal limit. Funduscopy examination on the both eyes showed defined border 

optic disc, cup to disc ratio 0.3-0.4. Amsler grid and contrast sensitivity was 

within normal limit on both eyes. Ishihara colour plate was 20/21 in RE and 21/21 

in LE. Other neurological examination was within normal limit. 

 Ocular Computed Tomography (OCT) of optic disc was within normal limit. 

Humphrey visual field 30-2 examination of RE had low test reliability due to high 

fixation loss. Computed Tomography (CT) Scan without contrast from previous 

hospital showed fracture on inferolateral orbital margin and zygomatic dextra. 
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Patient was diagnosed with presumptive Right Carotid Cavernous Fistula 

(High Flow), Secondary Glaucoma of RE, Compressive Optic Neuropathy of RE, 

and orbital rim fracture. She was treated with citicholine 1x1000 mg per oral, 

Timolol maleate 0,5% eye drop 2x1 drop on RE, artificial tears eye drop 6x1 drop 

on RE and advised for external manual carotid compression. The patient was 

referred to Neuro-surgery Department, Hasan Sadikin Hospital. 

 

 
  

 

Figure 2. a. Optic disc OCT within normal limit; Fundus Photography of b. Right 

eye; c. Left eye showed no abnormalities; d. CT scan without contrast showed 

fracture of inferolateral orbital margin and zygomatic dextra 

   

The next visit in the following 3 weeks, the patient came with same complaint. 

The visual acuity was 0.4 pinhole 0.63 on RE and 1.0 on LE. The IOP was 25 

mmHg on RE. The other symptoms like ophthalmoplegia, redness of the eye, 

bruit was similar as before. The Neurosurgery Department planned to do Digital 

Subtraction Angiography (DSA) to the patient but waiting for Magnetic 

Resonance Imaging (MRI). The external manual carotid compression was 

continued while waiting for DSA. Prognosis in this patient were quo ad vitam ad 

bonam, quo ad functionam dubia ad bonam, quo ad sanationam dubia ad bonam. 

Case two, a 67 years old male came to Neuro-Ophthalmology outpatient clinic 

in National Eye Center, Cicendo Eye Hospital with complaining blurry eyes, 

diplopia, episcleral injection, minimal proptosis on both eyes since 1 week before, 

a 

b c 

d 
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consulted from External Eye Disease unit. The patient had history of hypertension 

and diabetes mellitus that was treated with medication and had no history of 

trauma. No whooshing sound reported by the patient. The patient was denied 

using any eyeglasses. 

Physical examination revealed the consciousness was compos mentis, with the 

blood pressure measure was 130/80 mmHg, heart rate was 80 beats/min and other 

vital sign was within normal limit. The ophthalmology examination showed 

orthotropia, the ocular motility in the both eyes was limited with -1 to temporal. 

The ocular bruit was audible in both eyes. The uncorrected visual acuity of RE 

was 0.5, and LE was 0.63. Intraocular Pressure (IOP) was 25 on the RE and 21 on 

the LE. 

 

Figure 4. Clinical Presentation in 3 Weeks Follow Up Showed No Difference in 

Ocular Motility Limitation of RE and Illustration of External Manual 

Carotid Compression 

 

Anterior segment examination on the both eyes showed the palpebra with 

proptosis. Conjunctiva bulbi on both eyes showed chemosis, the episcleral 

injection, corkscrew appearance on conjunctiva, clear cornea, with 

pharmacological dilation. Funduscopy examination on the both eyes showed 

defined border optic disc, cup to disc ratio 0.3-0.4. Amsler grid, colour and 

contrast sensitivity was within normal limit on both eyes. Other neurological 

examination was within normal limit. 

Patient was diagnosed with presumptive Bilateral Carotid Cavernous Fistula 

(Low Flow), Secondary Glaucoma of both eyes, Hypertension and Diabetes 
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Mellitus. He was treated with Timolol maleate 0,5% eye drop 2x1 drop on both 

eyes, artificial tears eye drop 6x1 drop on both eyes and advised for external 

manual carotid compression. The patient was referred to Neuro-surgery 

Department, Hasan Sadikin Hospital. Prognosis in this patient is quo ad vitam 

dubia ad bonam, quo ad functionam dubia ad bonam, quo ad sanationam dubia 

ad bonam. 

  

Figure 5. Limited Ocular Motility to Lateral Gaze in Both Eyes and Anterior 

Segment of a) right eye, b) left eye showed corkscrew appearance; illustration of 

external manual carotid compression 

 

III. Discussion 

First patient, a 16 year old female with history of head trauma came with 

redness, proptosis, and blurry eyes of RE. Second patient, a 67 year old male 

came with similar complaint on both eyes, with history of hypertension and had 

no history of trauma. The most common cause (70–90 %) of direct CCF is trauma 

in the intracranial or periorbital region, whereas indirect or spontaneous CCF 

occur secondary to spontaneous rupture of dural arteries wall which passed 

through the sinus. Almost 4% of patients with basilar skull fractures developed 

CCF and trauma commonly seen in young male. First patient presumed as direct 

CCF based on history of trauma confirmed by CT scan showing fracture on 

inferolateral orbital margin and zygomatic dextra. Indirect CCF occur mostly in 

elderly women and associated with hypertension, vascular diseases, 

atherosclerosis, pregnancy, and connective tissue disorder. Indirect CCF can occur 

spontaneously in setting of hypertension and have been postulated due to a 

a b 
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ruptured dural arterial wall. Second patient presumed as indirect CCF based on 

age and history of hypertension.3,4,6,7 

Limitation of RE ocular motility was found in first patient, on second patient 

the limitation found to lateral gaze in both eyes. The cavernous sinus comprises a 

venous channels network with extravascular space which the Internal Carotid 

Artery (ICA) and cranial nerve (CN) VI course. The CNs III, IV, and V (first and 

second divisions) run within the dura of the lateral wall of the cavernous sinus. 

CCF can lead to intercavernous pressure and compressing adjacent structures, 

causing ophthalmoplegia showed in first patient. CN VI is often the first cranial 

nerve to be involved because its proximity to ICA, as seen in second patient.7-9,10 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 6. Coronal View of Cavernous Sinus Anatomy 

                                   Source: William, ZR7 

 

Chemosis with corkscrew appearance in conjunctival vessel were found in both 

patients. The proptosis was complained after trauma in first patient and persist 

until present. Minimal proptosis on both eyes were found in second patient. Bruit 

present 3 weeks before examination and it was heard subjectively by first patient 

and auscultated by examiner, whereas on second patient bruit was not heard but 

can be auscultated in both eyes. Clinical symptoms and signs usually present 

acutely in cases of direct fistula due to the high flow in the venous system. 

Indirect CCF showed milder symptoms, proptosis and bruit are mild if present. 

Pathophysiology of proptosis, episcleral and conjunctival arterializations is due to 

retrograde flow from venous drainage resistance into the ophthalmic vein. 
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Dilation and tortuosity of conjunctival and episcleral veins extending to the 

limbus characterized of conjunctival arteriolization. Progressive congestion 

manifested in chemosis and proptosis. Delay or misdiagnosis can be a possibility 

in second patient with milder symptoms and no history of trauma. Auscultation 

for an ocular bruit is relatively specific for CCFs when present, although it is not 

always revealing. Bruit can develop as a result of high flow arterial blood 

turbulence through the low flow venous system and an orbital bruit can be 

auscultated over the orbit. Direct CCF more commonly cause a bruit. Subjective 

bruit is rarely found in patients with indirect CCF, but a study found objective 

bruit in 28% indirect CCF patients, as observed in second patient.3,7,11,12 

Raised IOP were found in RE of first patient and both eyes in second patient. 

Medical management were administered to control IOP on both patients. 

Increased episcleral pressure and vortex venous pressure can resulted in raised 

IOP and secondary glaucoma. Secondary glaucoma may also be caused by iris 

neovascularization due to decrease in retinal perfusion or vascular engorgement 

and edema of the choroid and ciliary body, causing a forward movement of the 

iris/lens resulting in pupillary block glaucoma and cause neovascular glaucoma. 

Secondary glaucoma can both develop in direct and indirect CCF, although on 

direct cases IOP can raised dramatically.2,7,11  

First patient presented with history of trauma and symptoms in RE, whereas 

the second patient presented in both eyes with no history of trauma. Study by 

Alam et al reported most of the patients have unilateral presentation (91.7%) and 

low-flow CCFs (87.5%). First patient presented with unilateral CCF due to 

trauma. Bilateral presentation without trauma is rare. A literature review showed 

that 41 cases from 67 cases of bilateral CCF are caused by trauma. Chemate et al 

reported a case of bilateral CCF with history of hypertension, similar to second 

patient.1,2,5,12  

Presumptive diagnosis of CCF on both patients were made based on history 

taking, clinical suspicion and the findings of proptosis, chemosis, orbital bruit, 

and ocular motility limitation. Diagnosis may be straightforward in cases with 

direct CCF or may be difficult, especially in cases of indirect CCF where 
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symptoms are subtle. Diagnosis of CCF is based on clinical manifestations and 

radiological evaluation. The gold standard in diagnosis of CCF is digital 

subtraction angiography (DSA), because it provides information on the location 

and size of the aneurysm or fistula and should be performed before any 

intervention. Both patients were referred to Neurosurgery Department and 

planned to do the DSA for definitive diagnosis.3,7,13 

Both patients were instructed to do External Manual Carotid Compression 

(EMCC) while waiting for DSA. Conservative management is an option for some 

low risk, low flow, indirect CCFs, as advised to second patient. Carotid 

compression therapy has also been reported to be successful in closure of 17% of 

direct and 30% of indirect CCFs. Spontaneous closure from thrombosis of 

cavernous sinus is unlikely, especially in traumatic CCFs and in high flow fistula. 

Iampreechakul et al identified 37 patients with 43 direct CCF that resolved 

spontaneously. First patient advised to do EMCC although spontaneous closure is 

rare. First line treatment for direct CCF is endovascular intervention, which may 

be accomplished using coils, detachable balloons, liquid embolic agents, or a 

combination of these tools after obtaining neuroimaging. Successful embolization 

of CCF will result in improvement of proptosis, chemosis, and bruits within 

weeks of closure, but ophthalmoplegia and optic nerve dysfunction may take 3 

months to resolve.3,4,7,13,14  

 The prognosis quo ad vitam is ad bonam due to mostly not life-threatening 

condition, but the systemic condition of the second patient has risk for other 

complication, quo ad functionam dubia ad bonam because visual acuity and 

visual function of both patients is preserved, but if left untreated CCF can lead to 

visual loss. Quo ad sanationam is dubia ad bonam, because the endovascular 

treatment has high successful rate, although recurrence may still occur. 

 

IV. Conclusion 

CCF can be classified as direct and indirect CCF. Knowledge of signs and 

symptoms of CCF with thorough history taking is essential to differentiate direct 



10 
 

and indirect CCF and to provide etiology and appropriate recommendations for 

diagnostic and treatment. 
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