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Aims: To describe the diagnostic and therapeutic value of digital subtraction angiography (DSA) and endovascular treatment in
patients with direct carotid cavernous fistula (CCF) over a period of three years.
Settings: Tertiary referral hospital, Chhattisgarh
Design: Retrospective, noncomparative case series.
Material & Methods: Medical records of consecutive patients who had direct CCF between January 2014 to January 2017 with
minimum six months of follow-up were retrospectively analyzed. All patients were initially evaluated by non-invasive imaging
technique followed by DSA for confirmation. Endovascular embolization was done in all cases. A clinical cure was considered
when there was a complete resolution of signs and symptoms of direct CCF and when the fistula was not observed on repeat
Abstract DSA after three months, which was labeled as anatomically cured patients.
Results: Total ten patients were analyzed; nine patients had unilateral CCF, only one had bilateral CCF. All patients had history
of head trauma. Five (50%) patients were embolized with a coil, and the rest were embolized by a combination of coil and Onyx.
In our study, carotid artery preservation was performed in 70% of patients. Latest clinical follow up showed good recovery
Furthermore no procedure related complications were noted in any patients. There were no intraoperative or perioperative
mortality noted.
Conclusion: With the observed results and low rate of complications and morbidity, endovascular therapy could be the primary
treatment for patients with direct CCFs.
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diagnosis and treatment of direct CCFs because untreated
direct CCFs always results in poor visual prognosis, but can
be managed promptly.

Introduction

Management of neuro-ophthalmic disorders has been
dramatically revolutionalized by the advancements in
neuroimaging and interventional techniques.1 Digital
subtraction angiography (DSA) is an interventional
technique.

Subjects and Methods

The study was approved by the institutional ethical
committee and adhered to the tenets of the Declaration of
Helsinki. Informed consent was obtained from all patients
before initiation of DSA and endovascular procedure. This
was a retrospective observational study of patients with
direct CCF visiting our department between January 2014
to January 2017. Case records of all ten patients with direct
CCF during the study period who underwent angiographic
evaluation and endovascular procedure were drawn from
a medical record department. Data from patients more
than eighteen years age with features of direct CCF and
with a minimum follow up to six months were included
for analysis. Patients with any prior ocular conditions
that may influence visual acuity such as corneal opacity,
glaucoma or retinal pathology were excluded from study.
A retrospective analysis of all noninvasive imaging studies
and angiographic reports was performed. The records were
reviewed for demographic variables like age and sex, mode
of trauma, time interval between injury and admission
and comprehensive ophthalmic evaluation including
best corrected visual acuity (BCVA) using Snellen’s
chart, intraocular pressure assessment using applanation
tonometry, dilated fundus examination using slit lamp

First developed in the 1970s and it is useful in the
diagnosis and treatment of arterial and venous occlusions,
arteriovenous malformations, and carotid-cavernous fistulas
(CCFs).2
CCF is defined as an abnormal communication between the
cavernous sinus and the carotid artery branches, which is
categorized into direct and indirect types by Barrow. Type A
(direct) fistulas involve a direct communication between the
intracavernous portion of the internal carotid artery (ICA)
and cavernous sinus, commonly due to trauma.3 Direct
CCFs are typically high flow type and usually requires active
intervention because spontaneous resolution is rare.4 The
traditional management of CCFs is associated with mortality
and several complications.5 With advanced catheterization
techniques and new embolizing agents, endovascular
treatment is considered the treatment of choice for all CCFs.
DSA determines the angioarchitecture of the injury and
provides precise information about the size, location, and
character of the fistula and its drainage pattern.6,7
This study aimed to evaluate the efficacy of DSA for the
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copolymer, dimethyl sulfoxide, and tantalum powder. It
comes in two separate vials that are mixed 20 min prior to
injection. It forms a cast after coming in contact with the
ionic material. It is better than glue because it has better
control over the injection. Its only disadvantage is its higher
cost compared to other agents.9

biomicroscopy and indirect ophthalmoscope. BCVA was
categorized into three categories- mild visual impairment
(6/9 to 6/12), moderate visual impairment (6/18 to 6/36) and
severe visual impairment (less than 6/60).
All patients were independently evaluated by an
ophthalmologist and a radiologist before and after the
treatment. A retrospective analysis of all non-invasive
imaging studies and angiographic reports were done. All
patients were first evaluated using noninvasive imaging
techniques, followed by DSA for definitive diagnosis and
management. Follow-up was scheduled at one, three, and six
months of treatment. A clinical cure was considered when
there was a complete resolution of signs and symptoms of
direct CCFs, which was labeled as clinically cured patients,
and when the fistula was not observed on repeat DSA after
three months, which was labeled as anatomically cured
patients. The primary outcome measure was resolution
of signs and symptoms of direct CCF after endovascular
treatment and secondary outcome measure was change
in BCVA after treatment. The one-line improvement in
Snellen’s chart after procedure is considered as fair visual
recovery, two-line improvement as good visual recovery
and more than three-line improvement as a very good visual
recovery.

Results

Data from ten patients that satisfied the inclusion criteria
were analyzed. The mean age of patients was 34.3yrs with
range from 24-55 years and eight (80%) were males. There
were five right sided CCFs, four left side CCFs and one
bilateral CCF. All the patients of direct CCFs were preceded
by head trauma. Seven of them had motor vehicle accident,
two had accidental fall and one had sports injury. The time
interval from injury to admission ranged from 20 days to
six weeks (mean, 25.3 days). On ocular examination we
found that seven patients had severe visual impairment,
two patients had moderate visual impairment and only one
patient was presented with mild visual impairment.
Ocular findings were evaluated- ten (100%) patients
demonstrated the signs of chemosis and subconjunctival
hemorrhage, eight (80%) presented with lid edema, and six
(60%) had proptosis with bruit, raised intra ocular pressure
and diplopia in five (50%) patients. The visual acuity was
recorded with Snellen’s chart- 4 patients had mild visual
impairment, 5 patients had moderate visual impairment and
only one patient presented with severe visual impairment.
(Table 1)

Procedure of digital subtraction angiography

Written informed consent was obtained from all patients
after undergoing pre-anesthetic checkup. The standard
transfemoral Seldinger technique was used in all patients.
After the selective injection of the ICA, ECA, and vertebral
artery bilaterally, standard anteroposterior and lateral
radiography and three-dimensional rotational angiography
were performed. This provided precise information
about the location of the fistula, collateral supply to the
brain, and venous drainage pattern of the lesion. After
complete assessment of the anatomy and architecture of
CCFs, embolization treatment strategies were planned
accordingly. Small carotid artery tears were treated with
closure alone, while in cases with larger fistula trapping of
the ICA, embolization using a coil or liquid embolus (Onyx)
was considered. Hemostasis was achieved at the end of the
procedure.8 In the present study, we used coil and a liquid
embolizing agent (i.e., Onyx).

Table 1: Tabulation of ocular finding details

Coils: They are made up of platinum or steel and hence
easily visible on radiographic films. They induce clotting
owing to the Dacron wool tails around the wire. They are
significantly good for fast-flowing vessels because they
immediately clot the vessel. Coils are better than balloon
embolization because of the ease of access and availability
of embolic devices of various sizes.7 However, coils have a
disadvantage in that a risk of incomplete fistula occlusion
with loss of transarterial access is observed when using coils.
Thus, some complications, such as thromboembolism, ICA
compromise by protruding coils, and ICA dissection, can be
observed.4
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No of Patients presented
with ocular finding

subconjunctival Hemorrhage
chemosis

10

Lid edema

8

Pulsatile Proptosis with bruit

6

Increase IOP

5

Diplopia

5

Disc edema

2

Dilatation of retinal vessels only

6

Visual Acuity
Mild Visual Impairment
Moderate Visual Impaiment
Severe visual Impairment

4
5
1

On fundus examinations, disc edema was noted only in
two (20%) patients and slight dilatation of retinal vessels
in six (60%) patients Imaging evaluation of direct CCF
by contrast-enhanced computed tomography (CT) and
magnetic resonance angiography revealed a dilated superior
ophthalmic vein in all patients. After noninvasive imaging,
diagnostic DSA was performed in all cases, and endovascular
embolization therapy was planned accordingly.
Five patients were treated with coil embolization of the
fistula. In two patients, closure of the fistula was performed
without occlusion of the parent artery (Figure 2). The

Liquid Embolic Agent (Onyx): It is a liquid embolic
agent formed by a combination of ethylene vinyl alcohol
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remaining three patients with large tears in the ICA and
good collateral circulation from the contralateral ICA were
treated with embolization of the fistula with trapping of
the ICA (Figure 1). In the other five patients, embolization
was performed using a combination of coils and Onyx.
The patient with a bilateral CCF required two sittings of
endovascular treatments, one for each side. The right-sided
fistula closed first, followed by the left side at an interval of
one month (Figure 3).

repeat embolization, which, on further follow-up after
three months, showed complete obliteration. All patients
demonstrated significant improvement in clinical symptoms
with regression of chemosis, proptosis, and decrease or
absence of bruit within 2–3 days after the procedure (Figure
4). Five patients showed good visual recovery, four patients
had very good visual recovery and only one had fair visual
recovery after embolization.
No signs of distal embolization, cerebral hemorrhage, cranial
nerve palsy, or cerebral ischemia were observed in any of
the patients. One of the patients complained of diminished

In repeat DSA at one month, nine out of ten patients showed
complete closure of the fistulas. One patient required

Figure 1: Lateral DSA, preprocedure internal carotid artery (ICA) angiogram (image A) shows direct fistula (arrow) between cavernous sinus and ICA with
enlarged draining Superior ophthalmic Vein. Post procedure angiogram (image B) after coiling of fistula with trapping of ICA (arrow) shows no flow in fistula

Figure 2: Image A shows Direct CCF (arrow) with dilated superior ophthalmic vein (SOV) and post procedure (post-coiling) image (B) shows complete obliteration
of fistula (arrow) with preservation of internal carotid artery (ICA)
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Figure 3: Bilateral CCF, (A) coronal view, (B) lateral view, showing obliteration of right-side fistula with coiling, without trapping of internal carotid artery with
left side dilated cavernous sinus

Figure 4: Pre-operative clinical picture (image A) and post-operative picture day 3 (image B)

or presence of collagen disorders such as Ehlers-Danlos
syndrome type IV.12

vision in the affected eye following the procedure but
recovered spontaneously after 24 hours. None of the patients
reported signs or symptoms of recurrence within six months
of follow-up. Intraoperative or perioperative mortality was
not observed.

In the present study, all patients had experienced head
trauma, similar to previous studies.13,14 Cavernous sinus is
prone to injury owing to its anatomical location, where the
artery is completely surrounded by venous structures, and
to the close proximity of the ICA to surrounding dura at
skull base. Hence, it is immediately affected by shear force
during trauma.15

Discussion

We found that timely management with endovascular
techniques through DSA was associated with good visual
recovery and resolution of all sign and symptoms of direct
CCF. A direct CCF is a rare life-threatening condition and
the most common cause of CCFs is trauma (76%).10,11

Direct CCFs are commonly observed in men, as further
confirmed by the current study.15

Other causes can be iatrogenic in origin, such as after
transsphenoidal surgery for pituitary adenomas, treatment
of trigeminal neuralgia, thrombectomy of the carotid artery,
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In present study, all cases of direct CCFs were abrupt in
onset and progressed rapidly and presented with proptosis,
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subconjunctival hemorrhage, chemosis, and diminished
vision.16,17 Transmission of high-pressure arterial blood
into the cavernous sinus and draining veins led to venous
hypertension, which is responsible for all the four mentioned
signs and symptoms.5

Conclusion

Untreated direct CCF always results in poor visual prognosis,
but can be managed promptly. With the observed results
and low rate of complications and morbidity, endovascular
therapy could be the primary treatment for patients with
direct CCFs.

Traumatic CCFs might be overlooked initially because of
the critical condition of patients. Mild visual impairment is
common in 60%–90% of patients with direct CCFs, but there
could be progressive loss of vision or even total visual loss in
approximately 25% of patients.12 According to some studies,
89% of untreated cases could have visual impairment, but if
closed completely, vision could improve in 94% of patients.18
In present study, we also found visual acuity improvement
in all ten patients but very good visual improvement was
found in 50% of patients at the end of 1 month.

References
1.
2.
3.
4.

The current study demonstrated that noninvasive modalities
such as contrast-enhanced CT and magnetic resonance
angiography imaging can be considered in diagnosing CCFs,
which typically show tortuous dilated superior ophthalmic
veins (the hockey stick sign),19 which can then be confirmed
using the gold standard DSA.12

5.
6.
7.

In the current study, all patients underwent active
intervention, as majority of the subjects presented with
moderate visual impairment. The first treatment for CCFs
reported in 1809 was ligation of the common carotid artery
and is still preferred in some selected cases.5,20 Currently,
endovascular therapy is considered the treatment of choice
for all CCFs.

8.
9.

Endovascular treatment of CCFs in the 1970s was performed
with detachable balloons, which were replaced by coils in
the 1990s, followed by the era of liquid embolizing agents
such as Onyx.13,21,22

10.
11.

In the current study, the transarterial approach was chosen
for all patients. Five (50%) patients were embolized with a
coil, and the rest were embolized by a combination of coil
and Onyx. In our study, carotid artery preservation was
performed in 70% of patients, whereas it was performed in
81% of patients in another similar study.23 The 100% closure
of fistula after treatment noted in this study was similar to
that reported in other studies.24,25,26

12.
13.
14.
15.

The current study demonstrated adequate closure of Barrow
type A fistula (direct CCF) without any adverse neurological
complications, the only limitation being its small sample
size.

16.

Role of Ophthalmologist

17.

Although all the interventions presented in present
study were performed by interventional radiologists, but
ophthalmologists definitely have an important role. The
Ophthalmologists should be able to establish an initial
presumptive diagnosis, as many patients with CCFs may
initially present to ophthalmologists. They should be
able to order appropriate diagnostic tests and be able to
monitor patients. Timely referral to a neurosurgeon or
neurointerventional radiologist is the key to successful closure
of fistulas and could be performed by ophthalmologists.

E-ISSN: 2454-2784

P-ISSN: 0972-0200

18.
19.
20.

33

Kakaria AK. Imaging in neuro-ophthalmology: An overview.
Oman J Ophthalmol. 2009;2(2):57-61.
Barrow DL, Spector RH, Braun IF, Landman JA, Tindall SC,
Tindall GT. Classification and treatment of spontaneous carotidcavernous sinus fistulas. J Neurosurg. 1985;62(2):248-256.
Ringer AJ, Salud L, Tomsick TA. Carotid cavernous fistulas:
anatomy, classification, and treatment. Neurosurg Clin N Am.
2005;16(2):279-295.
Ellis JA, Goldstein H, Connolly ES Jr, Meyers PM. Carotidcavernous
fistulas.
Neurosurg
Focus.
2012;32(5):E9.
doi:10.3171/2012.2.FOCUS1223.
Korkmazer B, Kocak B, Tureci E, Islak C, Kocer N, Kizilkilic O.
Endovascular treatment of carotid cavernous sinus fistula: A
systematic review. World J Radiol. 2013;5(4):143-155.
Ovitt TW, Newell JD 2nd. Digital subtraction angiography:
technology, equipment, and techniques. Radiol Clin North Am.
1985;23(2):177-184.
Gemmete JJ, Ansari SA, Gandhi DM. Endovascular techniques
for treatment of carotid-cavernous fistula. J Neuroophthalmol.
2009;29(1):62-71.
Ahn SH, Prince EA, Dubel GJ. Basic neuroangiography: review
of technique and perioperative patient care. Semin Intervent
Radiol. 2013;30(3):225-233.
Arat A, Cekirge S, Saatci I, Ozgen B. Transvenous injection of
Onyx for casting of the cavernous sinus for the treatment of a
carotid-cavernous fistula. Neuroradiology. 2004;46(12):10121015.
Biousse V, Mendicino ME, Simon DJ, Newman NJ. The
ophthalmology of intracranial vascular abnormalities. Am J
Ophthalmol. 1998;125(4):527-544.
Lewis AI, Tomsick TA, Tew JM Jr. Management of 100 consecutive
direct carotid-cavernous fistulas: results of treatment with
detachable balloons. Neurosurgery. 1995;36(2):239-245.
Naesens R, Mestdagh C, Breemersch M, Defreyne L. Direct
carotid-cavernous fistula: a case report and review of the
literature. Bull Soc Belge Ophtalmol. 2006;(299):43-54.
Serbinenko FA. Balloon catheterization and occlusion of major
cerebral vessels. J Neurosurg. 1974;41(2):125-145.
Tjoumakaris
SI,
Jabbour
PM,
Rosenwasser
RH.
Neuroendovascular management of carotid cavernous fistulae.
Neurosurg Clin N Am. 2009;20(4):447-452.
Fabian TS, Woody JD, Ciraulo DL, et al. Posttraumatic carotid
cavernous fistula: frequency analysis of signs, symptoms, and
disability outcomes after angiographic embolization. J Trauma.
1999;47(2):275-281.
Anderson K, Collie DA, Capewell A. CT angiographic
appearances of carotico-cavernous fistula. Clin Radiol.
2001;56(6):514-516.
de Keizer R. Carotid-cavernous and orbital arteriovenous
fistulas: ocular features, diagnostic and hemodynamic
considerations in relation to visual impairment and morbidity.
Orbit. 2003;22(2):121-142.
Korkmazer B, Kocak B, Tureci E, Islak C, Kocer N, Kizilkilic O.
Endovascular treatment of carotid cavernous sinus fistula: A
systematic review. World J Radiol. 2013;5(4):143-155.
Tu YK, Liu HM, Hu SC. Direct surgery of carotid cavernous
fistulae and dural arteriovenous malformations of the cavernous
sinus. Neurosurgery. 1997;41(4):798-806.
Chi CT, Nguyen D, Duc VT, Chau HH, Son VT. Direct traumatic
carotid cavernous fistula: angiographic classification and
treatment strategies. Study of 172 cases. Interv Neuroradiol.

Delhi Journal of Ophthalmology

DJO
21.

22.
23.
24.
25.

26.

Vol. 32, No. 3, January-March 2022

2014;20(4):461-475.
Bhatia KD, Wang L, Parkinson RJ, Wenderoth JD. Successful
treatment of six cases of indirect carotid-cavernous fistula
with ethylene vinyl alcohol copolymer (Onyx) transvenous
embolization. J Neuroophthalmol. 2009;29(1):3-8.
Teitelbaum GP, Larsen DW, Zelman V, Lysachev AG,
Likhterman LB. A tribute to Dr. Fedor A. Serbinenko, founder of
endovascular neurosurgery. Neurosurgery. 2000;46(2):462-470.
Pham Minh Thong, Bui Van Giang. Treatment of direct carotid
cavernous fistula under endovascular intervention.Vietnam J
Practical Med. 2003; 459 (9): 54-56.
Redekop G, Marotta T, Weill A. Treatment of traumatic
aneurysms and arteriovenous fistulas of the skull base by using
endovascular stents. J Neurosurg. 2001;95(3):412-419.
Barr JD, Lemley TJ. Endovascular arterial occlusion accomplished
using microcoils deployed with and without proximal
flow arrest: results in 19 patients. AJNR Am J Neuroradiol.
1999;20(8):1452-1456..
Suzuki S, Lee DW, Jahan R, Duckwiler GR, Viñuela F.
Transvenous treatment of spontaneous dural carotid-cavernous
fistulas using a combination of detachable coils and Onyx. AJNR
Am J Neuroradiol. 2006;27(6):1346-1349.

Cite This Article as: Vijaya Sahu, C.D.Sahu, Nidhi Pandey,
Bhagyashri Bhutada. High diagnostic and therapeutic value of
“Digital subtraction angiography” in direct carotid cavernous fistulas
– A Retrospective case series Delhi J Ophthalmol 2022 32 (3) 29-34
Acknowledgments: Nil
Conflict of interest: None declared
Source of Funding: None
Date of Submission 25 Jun 2021
Date of Acceptance: 26 Jan 2022

Address for correspondence
Vijaya Sahu M.S. Ophthalmology
Associate professor, Department
of Ophthalmology, AIIMS Raipur,
Chhattisgarh, India.
Email: drvijayasahu77@gmail.com

Quick Response Code

E-ISSN: 2454-2784

P-ISSN: 0972-0200

34

www.djo.org.in

