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Abstract 

Carotid-cavernous fistula (CCF) is a consequence of incremental intracavernous pressure. The direction 

of drainage is usually multidirectional. Initial DSA (digital subtraction angiography) solves in obtaining 

its information along with advanced technology nowadays. Aim: The study aims to analyze clinical 

characteristics, cerebral angiographic features, and management of endovascular embolization of CCF. 

Methods: The study is a retrospective analysis of each patient diagnosed with CCF. They were treated 

with endovascular embolization from January 2019 to April 2010 at the Brain Center Dr. Wahidin 

Sudirohusodo (DWS) General Hospital Makassar. We performed DSA on all patients before the 

endovascular procedure with catheterized access through the right femoral artery. Result: Angiograms of 

all patients showed typical CCF lesions, 8 patients then received endovascular management by coiling 

method, 2 were treated with a detachable balloon, while 1 received an Onyx injection. All patients 

experienced gradual improvement for orbital symptoms. Conclusion: Endovascular embolization-followed 

cerebral DSA is a useful diagnostic and therapeutic management to improve patients' clinical symptoms 

with CCF.  
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Introduction 

CCF is an abnormal communication between 

the cavernous sinus and the carotid artery 

system. This connection can be a direct 

connection between the cavernous sinus (CS) 

and the cavernous segment of the internal 

carotid artery (ICA), with the meningeal 

branches of ICA, external carotid artery 

(ECA), or even both [1-5]. Table 1 shows 

several classifications of CCF. Barrow et al. 

[6] proposed an anatomical classification of 

CCF into four types based on arterial supply. 

Type A is a direct connection between the 

ICA and the CS, usually with a high flow. 

Indirect fistulas are dural fistulas fed by the 

meningeal branches of ICA, ECA, or both. 

Type B fistula has dural branches of ICA that 

correspond to the CS and relatively rare. 

Type C fistula is entirely supplied by the 

ECA, while type D represents both ICA and 

ECA branches. Bilateral CCF cases only 

occur in about 12%-15% and are usually 

indirect [2, 3, 6]. 

 

Table 1: Several types of classification of CCF 

Type Classification 

Hemodynamic High vs. low flow 

Etiological Spontaneous vs. traumatic 

Anatomical Direct vs. indirect 

Angioarchitecture (Barrow’s type) A,B,C,D 

Tomsick’s type Unilateral (D1) vs bilateral (D) 

 

Head trauma is the most common cause of 

CCF. As reported by various studies, 0.2% of 

craniocerebral trauma, 4% of cranial base  

 

fracture, and 0.2-0.3% of craniomaxillofacial 

[2, 5, 7]. Fistulas allow arterial blood to flow 

directly into the CS, causing venous 
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hypertension. The clinical presentation of 

CCF is a consequence of incremental 

pressure of intracavernous pressure. The 

direction of drainage is usually 

multidirectional [3, 8]. CCF's clinical 

symptoms are related to size, location, fistula 

formation duration, adequacy, and route of 

venous drainage and arterial or venous 

collaterals. Classic manifestations for direct, 

high flow CCF are the Dandy’s Triad, namely 

proptosis, bruits, and chemosis.  

The common symptoms are proptosis (90%), 

chemosis (90%), diplopia (50%), visual 

disturbances (50%) [3, 9-11]. The gold 

standard for the definitive diagnosis of CCF 

is DSA. Initial DSA used to obtain 

information on the size and location of the 

fistula, direct or indirect lesions, the presence 

of steal phenomena, assessment of global 

circulation and collateral flow, identifying 

high-risk signs (e.g., cortical venous 

drainage, pseudoaneurysms, varix CS, 

arterial dissection), venous drainage 

patterns, determination of therapeutic 

routes, identification of dangerous collateral 

pathways [3, 12]. 

Recent endovascular technology provides 

different optional management according to 

CCF angioarchitecture, operator, or 

institutional preferences. A transarterial or 

transvenous approach can accomplish it. If 

the lesion is irreparable, sacrificing the 

involved ICA may be the only option [3, 5, 9, 

12, 13].Regarding the background, the study 

optimally provides an overview of CCF's 

clinical characteristics, diagnosis, and 

interventional endovascular management. 

Methods 

The study implemented retrospective 

analysis of all CCF’s participants. Secondary 

data had been collected at the Brain Center 

DWS General Hospital retrospectively from 

January 2019 till May 2020 (ethical 

clearance number 

2080/UN14.2.2.VII.14/LT/2020). Data 

involved age, sex, clinical manifestations, 

radiological features, treatment, and clinical 

outcomes after procedure.  

Some trained officers performed head non-

contrast computed tomography scan (NCCT) 

and CT angiography (CTA) in all patients 

prior to DSA. Data also included their 

routine blood tests, LFT, RFT, coagulation 

test, chest X-ray, and electrocardiography 

(ECG). Some patients had received 

symptomatic medication. Pubic hair was 

shaved to keep the inguinal area aseptic. All 

patients received selective cerebral DSA 

under local anesthesia except one pediatric 

undergoing general anesthesia. The heparin 

dose in the procedure is 2500 IU (0.5 ml) 

dissolved in 500 ml of saline. We conducted a 

puncture with Seldinger needle 18G on the 

right femoral artery, then attaching a 6F size 

of the sheath, Conveyor 6F, Terumo wire 

0.035. 

Endovascular Therapy 

Embolization was performed under general 

anesthesia via a transarterial approach. A 6F 

guide catheter was placed on the ICA on the 

side of CCF. Merely in patient number 8, a 

micro catheter was placed on the 

contralateral ICA because of no appropriate 

access through the common carotid artery on 

the fistula side due to ligation previously.  

We used micro wire 0.014 inches 300 cm. 

After entering the CCF's distal end, it was 

removed. Angiography is executed to confirm 

the position of CCF. The platinum coils were 

laid on the fistula until it was closed 

completely. Several sizes of Axium 3D and 

Helix coils were chosen to suit the size of the 

fistula.  

A multi-angle angiography was executed to 

confirm complete closure, reassess other 

blood vessels flow into the fistula, and new 

collaterals formation after embolization. One 

pediatric patient underwent Onyx injection, 

an ethylene-vinyl alcohol copolymer (EVOH) 

by ev3, Irvine, CA, USA. He received Onyx 

injection selectively and gradually to each 

feeder of CCF blood vessels, then 

angiography continued shortly afterward.  

Two patients received detachable balloon 

embolization (Goldbal 2). Using the 0.035 

260cm Terumo wire extension, the operator 

conducted the JR 3.5 5F guide catheter's 

replacement with Fargo Maxx 6F. On the 

catheter’s direction, Goldbal 2 attached to the 

fistula, then relatively executing angiography 

to confirm the balloon's position.  

An angiogram showed Goldbal 2 closing the 

fistula, and intracranial blood flow was well 

visible. The MBDTE catheter was initially 

removed, followed by immediate angiography 

to ensure sufficient intra- and extracranial 

blood flow. 
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Table 2: Distribution of demographic characteristics, clinical symptoms, type of CCF, and method of embolization 

Characteristics Amount (percentage) 

Gender  

Male 10 (90.9%) 

Female 1 (9.09%) 

Age  

Children (<10 years) 1 (9.09%) 

Young adults 9 (81.8%) 

Elderly (> 50 years) 1 (9.09%) 

History of head trauma  

Yes 10 (90.9%) 

No 1 (9.09%) 

Clinical symptoms  

Orbital symptoms  

- proptosis 11 (100%) 

- chemosis 11 (100%) 

- subconjunctival hemorrhage 11 (100%) 

- orbital bruit 11 (100%) 

- orbital pain 4 (36.3%) 

Cavernous symptom  

- diplopia (ophthalmoplegia) 11 (100%) 

Ocular symptoms  

- total blindness (vision 0) 6 (54.5%) 

- decreased vision 5 (45.4%) 

Cortical symptoms  

- headache 11 (100%) 

- epistaxis 1 (10%) 

 

Post-Treatment Monitoring  

All patients could tolerate the entire 

procedure. After the sheath removal, we 

could felt the peripheral vessel's pulse 

naturally. The monitoring of hematoma on 

the puncture site is a must. First 6-8 hours 

after the procedure, patients should sleep on 

his back, right leg straight without much 

movement.  
 

 
Figure 1: Angiogram of CCF Barrow type A from lateral and frontal views. S (A); dilated right superior ophthalmic 

vein (B), right IPS (C), right superior petrosal sinus (SPS) (D), and cortical veins (E) 

 

 
Figure 2: Coiling procedure of CCF type A patient. Labels A and B are the angiograms before coiling, delivering left 

CCF; Labels C and D denoted a coil attached to a fistula; the fistula was no longer visible in E and F labels 
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Results 

The timing of diagnosis for traumatic CCF in 

this study varied from 1-6 months after head 

injury. The total number of patients in this 

study was 11, consisting of 10 men (90.9%) 

and one woman (9.09%), as described in 

Table 2. Most of the patients had a history of 

head trauma (90.9%). Orbital clinical 

symptoms were present in all patients, 

whereas orbital pain experienced by 36.3% of 

patients. One patient had posterior epistaxis 

(9.09%). As shown in Table 3, ten adult 

patients had traumatic, direct type (Barrow 

type A) CCF (also shown in Figure 1). One 

pediatric patient had spontaneous, indirect 

type (Barrow type C) CCF. Two patients 

(18.2 %) had cortical venous reflux. Most 

CCF was at the right side (54.5%); however, 

none had bilateral CCF. The embolization 

route picked by the operator was 

transarterial (100%). Coiling was the most 

embolization method applied by operators 

(63.6%). Imaging of the NCCT scan and CTA 

showed eyeball protrusion, venous dilation, 

especially the ophthalmic veins (Table 4). 
 

 
Figure 3: Angiogram of the patient by the ballooning method. The red circle represents direct CCF after the 

detachable balloon on the fistula; the resolution appears immediately 

 

Discussion 

Naturally, the CS receives drainage from the 

superior-inferior ophthalmic vein, superior 

sphenoparietal sinus, Sylvian vein, and 

cortical veins. The CS flows posteriorly 

through IPS and SPS to the jugular bulb, 

inferiorly through the pterygoid plexus 

through the emissary's veins and 

contralateral CS [2, 8, 14, 15].In this study, 

most of the CCF sufferers were male with 

direct traumatic CCF (90.9%). It was  

consistent with the data presented by 

Halbach et al. [18] that traumatic CCF was 

dominant (57%) experienced by young adult 

males. Men tend to experience head injuries 

frequently caused by motorized accidents 

[16].  

Based on population data from the Central 

Bureau of Statistics, referring to the latest 

census for the young population in South 

Sulawesi, the prevalence of CCF cases in this 

area was 0.26 per 100,000 adult populations 

[19]. 
 

Table 3: Distribution of CCF characteristics 

Characteristics Percentage 

Type  

Traumatic, direct, Barrow type A 10 (90.9%) 

Spontaneous, indirect, Barrow type C 1 (9.09%) 

Cortical Venous Reflux 2 (18.2%) 

Embolization method  

Coiling 7 (63.6%) 

Detachable balloon 2 (18.2%) 

Onyx injection 1 (9.09%) 

Combination of coiling and Onyx 1 (9.09%) 

Embolization route  

Trans arterial 11 (100%) 

Trans venous 0 (0%) 

Closure  

Complete 7 (63.3%) 

Incomplete 4 (36.3%) 

Side  

Right 5 (45.4%) 

Left 6 (54.5%) 

Embolization frequency  
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once 9 (81.8%) 

> 1 2 (18.2%) 

 

The most common cause of CCF was injury 

(70%-90%), especially cranial base fracture, 

causing tears in ICA's cavernous segment. A 

cranial base fracture involving the sphenoid 

bone is a reminder to look for CCF possibility 

[1, 20]. One pediatric patient in the study had 

indirect and spontaneous CCF experienced 

from birth. It is a rare phenomenon in the 

pediatric population. However, some of CCF 

did develop spontaneously at birth [12, 16, 

17].Clinical signs and symptoms obtained 

from patients in this study, namely (i) orbital 

symptoms such as proptosis, chemosis, 

conjunctival injection, increased intraocular 

pressure, ocular bruits, and orbital pain; (ii) 

ocular symptoms, for example, visual 

disturbances due to venous hypoxia 

hypertension causing corneal edema, 

macular edema or optic neuropathy; (iii) 

diplopia due to cranial nerve lesions or 

ischemia of extraocular muscles including 

cavernous symptoms. The patient's 

symptoms match the signs and symptoms of 

CCF with anterior vein drainage. CCF's 

clinical signs and symptoms usually occur 

acutely in direct fistulas but appear slowly in 

indirect CCF [10, 16].  

 
Table 4: DSA imaging characteristics of CCF 

Patient 

number 
Fistulas side on ICA Venous drainage 

1 The left C5 segment, direct, type A Left ophthalmic vein, left facial vein 

2 The right C5 segment, direct, type A Right ophthalmic vein, right facial vein 

3 The left C4 segment to left CS, direct, type A Left ophthalmic vein 

4 The left C5 segment to left CS, direct, type A Left ophthalmic vein 

5 The right C5 segment to the right CS, direct, type A 
Right ophthalmic vein, reflux flow to cortical 

veins 

6 

Fistula originating from the right middle meningeal artery 

(MMA) and artery of foramen rotundum to the right CS, 

indirect, type C 

Left ophthalmic vein causes reflux to the cortical 

veins of left hemisphere. 

7 The left C5 segment to the left CS, direct, type A Left ophthalmic vein 

8 The right C5 segment to the right CS, direct, type A Left ophthalmic vein 

9 The left C4-5 segment to the left CS, direct, type A 
Left ophthalmic vein causes reflux to the cortical 

veins of the left hemisphere. 

10 The right C4-5 segments to the right CS, direct, type A 
Dilated right ophthalmic vein, and right inferior 

petrosal sinus (IPS). 

11 The left C5 segment to the left CS, direct, type A 
Dilatation and reflux of flow of the left superior 

ophthalmic vein and left facial vein 

 

Table 5: Angiogram characteristics after embolization and clinical symptoms 

Patient Type of embolization Post embolization angiogram Clinical symptoms 

1 Coiling 
Closed fistula, no reflux flow to the left 

ophthalmic and facial veins 

Reduced proptosis and 

chemosis in 3 months later 

2 Coiling 
Closed fistula, no reflux to the right 

ophthalmic vein 

Ptosis disappears, chemosis 

shrinks 1 month later, 

Orbital pain is absent 

immediately 

3 Coiling 
Closed fistula, no reflux of flow to the left 

ophthalmic vein 

Reduced proptosis and 

chemosis in 3 days after the 

procedure 

4 
Detachable balloon : 

Goldbal 2 

Closed fistula, the intra- and extracranial 

blood flow appeared normal. 

proptosis and chemosis 

disappeared 1 month after the 

procedure 

5 Coiling Closed fistula - 

6 Onyx injection 

The fistula is not completely closed. The 

dilatation of the superior ophthalmic vein is 

reduced. There is collateral from the right 

posterior superior alveolar artery to the right 

superior ophthalmic vein 

Reduced temporary headache 

post-procedure, and right 

orbital pain after the 

procedure 

7 Coiling Closed fistula 
Chemosis reduced within a 

month 

8 

Coiling followed by occlusion of 

the RCCA with Onyx until the 

flow through the narrow gap in 

the area is no longer visible. 

No visible flow into the fistula from the distal 

segment of the right ICA 
- 

9 
Coiling 

(4th embolization) 

Fistula partially closed, reflux flow to the left 

ophthalmic vein and left facial vein began to 

decrease 

Proptosis remain 

 

 

10 Coiling (second embolization) Closed fistula 

Orbital pain disappeared 

immediately after the 

procedure 

11 Detachable balloon : The flow through the fistula is reduced. The No epistaxis 
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Goldbal 2 intracranial blood flow begins to improve 

 

If the fistula enters a stenotic vein or 

transverse sinus atresia, the blood flow will 

reflux from the transverse sinus to the 

cortical veins leading to venous hypertension. 

It has a potency to cause disaster (infarction 

or bleeding). Fistulas that drain to the 

transverse sinuses can lead to cerebral 

pseudotumor. If the petrosal sinus is atresia, 

the blood will reflux into the cortical veins or 

the orbital veins, even into both.  

Cortical reflux causes intracranial 

hemorrhage, cerebral infarction, seizures, 

and even cervical myelopathy [3, 9]. All 

patients in this study experience ophthalmic 

venous reflux symptoms. Many differential 

diagnoses include superior orbital fissure 

syndrome, orbital apex syndrome, 

retrobulbar hematoma, cavernous sinus 

thrombosis [17]. 

Endovascular Management  

The goal of endovascular management of 

CCF is to maintain maximum carotid artery 

flow with complete fistula closure. Difficulty 

accessing catheterization to the CCF site, 

relatively long treatment time, and the risk 

of perforation of the vessel wall during the 

procedure makes it challenging [21, 22].  

The endovascular procedure in this study 

went well without any significant 

complications. There are several treatment 

options for CCF, including immediate 

surgery, by occlusion of the lesion ipsilateral 

carotid artery. However, sacrificing ICA 

carries a high risk of recurrence, a greater 

risk of vision loss (in patients who are not yet 

blind), and stroke risk [17]. 

The transarterial approach is based on ease 

of access and the underlying pathology (most 

cases are direct CCF). In comparison, the 

transvenous method is preferable to indirect 

CCF management. However, if the artery is 

narrow, winding (tortuous), transvenous is a 

more effective way [3, 9].  

Reported complications founded 2%-5% of 

cases from endovascular procedures, included 

ischemic stroke, brain hemorrhage, decreased 

vision, diabetes insipidus, retroperitoneal 

hematoma, and femoral vein thrombosis [2]. 

The endovascular management of this study, 

both direct and indirect CCF, applied the 

transarterial approach.  

Embolization with coil 

Coiling was the most often method used in 

this study (72, 7%). It was intricate according 

to operator preference, material availability, 

and the architectural angle of the CCF. The 

detachable coil was a reliable and well-

controlled deployment. The advantages of the 

coil, when compared to balloons, were the 

ease of access and availability of various sizes 

of embolization kits. Potential disadvantages 

included gradual and slower fistula occlusion 

and the risk of incomplete fistula occlusion.  

Complications of transarterial coiling 

included the presence of thromboembolism, a 

prominent coil mass, and dissection of ICA. 

The coil was suitable for use as a cover for 

small fistulas measuring approximately 2-3 

mm, multiple fistulae, and direct CCF [3]. 

Likewise, the participants had a single, 

small-sized CCF lesion, except in case 

number 9 required only one procedure using 

3 coils.  

Embolization with a Detachable Balloon 

Detachable balloon still represents an 

important therapeutic method because of its 

effectiveness, safety, ease of procedure, and 

relatively low cost.  

Disadvantages of detachable balloons are the 

recurrence rate, the emergence of 

thromboembolic complications, and 

incomplete orifice occlusion that cause a 

pseudoaneurysm formation-the further 

interval between trauma and intervention 

procedures, the lower the stability of the 

balloon.  

The results were due to the enlarging size of 

the cavernous sinus. Balloons can decrease 

blood flow patterns in the cavernous sinuses. 

The failure rate for selective occlusion of the 

fistula with a balloon is about 10%.  

Micro catheter navigation to reach the fistula 

can be a limiting factor in this option, mainly 

if it is located in the C4 segment because of 

the sharp entry angle in that segment [7, 13, 

23].In this study, two cases successfully using 

detachable balloons. 

Embolization with Onyx 

Onyx is a non-adhesive liquid embolization 

agent suspended in dimethyl sulfoxide  



Luh Putu Lina Kamelia et. al. | Journal of Global Pharma Technology | 2020| Vol. 12| Issue 09 |61-69 

©2009-2020, JGPT. All Rights Reserved                                                                                                                                                         67 

(DMSO) to increase radiopacity. Arat et al. 

[24] used Onyx for the first time to embolize 

type D CCF transvenously without 

complications. Suzuki et al.[25] and also 

other reports of 6 cases of indirect CCF 

occluded by a combination of Onyx and coil.  

There were no significant complications 

except headache, cranial nerves lesion that 

occurred temporarily after the procedure. In 

this study, operators used Onyx in pediatric 

patients, indirect CCF, and Barrow type D. 

Transarterial injection was performed 

selectively and gradually on the right MMA 

and the right artery of rotundum foramen. 

Although complete obliteration has not yet 

occurred, reflux flow to the right superior 

ophthalmic vein diminishes immediately 

after embolization.  

No complications occurred after the 

procedure. In this case, coil placement was 

complicated by a complex angioarchitecture, 

the presence of septation (blockage), and the 

tiny size of the cavernous sinuses. The 

unique property of Onyx was its ability to 

gradually penetrated and travelled on the 

small artery branches, which in turned 

allows the fistula to close. The injection may 

be interrupted several times during the 

procedure to see the embolization pattern 

and identify dangerous anastomoses. Onyx 

did not stick to the vessel wall so that the 

degree of reflux of blood flow was tolerable 

during embolization without fear of catheter 

retention [9, 24, 26]. 

Although the effectiveness of Onyx is 

excellent, it should not be arbitrary without 

knowing its dangers. There are several 

complications in this procedure, such as 

cranial nerve neuropathy, cerebral sinus 

thrombosis, and cerebral edema. The 

angiotoxic effect of DMSO can be considered 

to explain this event [24, 27]. The CCF 

embolization procedure's success is 

characterized by the immediate resolution of 

symptoms (markedly proptosis, chemosis, 

bruits, ophthalmoplegia).  

In some cases, it could achieve complete 

resolution within 4 months post-procedure 

(80%). It depends on the severity of the lesion 

and the duration of CCF. This study achieved 

the resolution of orbital symptoms in a few 

days to 4 months post-procedure [28]. The  

limitation of the study was hard to obtain 

follow-up data after discharged patients 

made it loss-to-follow-up.    

Conclusion 

Traumatic, direct CCF is the most common 

form of CCF and requires appropriate 

diagnostic and therapeutic management. 

Cerebral DSA is the gold standard diagnostic 

method for confirming a CCF and its 

characteristics. The role of endovascular 

embolization as the management of CCF 

therapy is useful because it provides a 

satisfactory clinical symptom improvement 

outcome with a low likelihood of 

complications. 
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