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Abstract

Background: Indirect carotid-cavernous fistulas (CCF) are dural arteriovenous fistula of the cavernous sinus and
generally present with ocular symptoms. High index of clinical suspicion and radiological work up is required for
diagnosis, and treatment is primarily endovascular embolization. We present our experience in diagnosis and
management of indirect CCF along with technical evolution to perform embolization and different vascular
accesses for difficult anatomy.

Results: Among a total of 20 indirect CCF cases who were treated with embolization in our department from 2013
to 2020, five (25%) were type C and 15 (75%) were type D. Seven were treated with trans-arterial access only, 11
were treated by transvenous access only, and two were treated by taking both transvenous and trans-arterial
access. No recurrence was seen in angiographically cured patients. Out of seven patients who suffered various
grades of visual deficit, five recovered completely and two had fixed visual deficit. Third and sixth cranial nerve
palsy persisted in two patients even after CCF embolization.

Conclusion: Indirect CCF is a treatable cause of troublesome ocular symptoms. Endovascular embolization is
preferred treatment with excellent short- and long-term outcome. The embolization becomes difficult and
challenging in cases where the conventional vascular access to the cavernous sinus is occluded.
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Background
Carotid-cavernous fistula (CCF) is characterized by ab-
normal fistulous connection between carotid arterial sys-
tem (internal carotid artery (ICA), external carotid artery
(ECA), or both) and cavernous sinus. They are classified
as direct (type A) and indirect (type B, C, and D) types.
Direct or type A CCF is characterized by direct fistulous
connection between cavernous segment of ICA and cav-
ernous sinus. Majority (~ 85%) of type A CCF are post-
traumatic, and among non-traumatic cases, most of
them result from spontaneous rupture of pre-existing
ICA aneurysm into the cavernous sinus [1–3].

Indirect carotid-cavernous fistula is also known as
dural fistula of cavernous sinus. They are a special type
of dural arteriovenous fistula where the immediate ven-
ous drainage is into the cavernous sinus. Based on
angioarchitecture, they are further classified into type B
(fistulous connection between dural branches of ICA
with cavernous sinus), type C (fistulous connection be-
tween dural branches of ECA with cavernous sinus), and
type D (fistulous connection between dural branches of
both ICA and ECA with cavernous sinus). Among differ-
ent types of indirect CCF, type B is the least common
and type D is the most common variety found in clinical
practice.
Indirect CCF are low flow dural fistulas and mostly

have protracted clinical course. The patients usually
present with chronic eye congestion, variable degree of
proptosis, headache, and orbital bruit either uni- or
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bilaterally depending upon the sub types and predomin-
ant venous drainage of the fistula [4–6]. Knowledge of
pathophysiology of indirect CCF and a high degree of
clinical suspicion is required to make an early diagnosis
of this disease. Delay in diagnosis and treatment may re-
sult in various grades of visual deficits or even loss of vi-
sion. They are treated primarily by endovascular
methods with preferred transvenous access.

Methods
A retrospective analysis was done of all the cases of in-
direct CCF which were managed by endovascular
methods in our department from 2013 to 2020. Clinical
signs and symptoms, history of trauma, duration of
symptoms, and demographic details at the time of pres-
entation were recorded. Clinical and baseline ophthal-
mological evaluation was performed by an
ophthalmologist. The diagnostic work up included
cross-sectional imaging like contrast-enhanced com-
puted tomography (CECT) or magnetic resonance im-
aging (MRI) followed by digital subtraction angiography
(DSA) evaluation (Fig. 1). Then, endovascular
embolization of the CCF was performed using coils and/
or liquid/particle embolic agents depending upon avail-
ability, patient’s affordability, type of fistula, and ease of
use. Post-procedure, the patients were followed-up

clinically for improvement of symptoms at 1 week, 3
month, and 6 month intervals. Cases of residue were
taken for re-embolization and then followed-up
similarly.

Results
Total 20 cases (12 males, 8 females) of indirect CCF
were included in the study, among which five (25%) were
type C and 15 (75%) were type D (Table 1). We did not
find any type B CCF in our study. Average age of pres-
entation was 39.33 years for males and 42.75 years for
females. Average duration of presence of symptoms was
8.5 months. Eight of our patients were hypertensive and
four of them also had diabetes mellitus.
Seven patients (including three type C and four type D

CCF) were treated with trans-arterial access only, using
PVA (poly-vinyl alcohol) particles (Fig. 2)/coils/liquid
embolic agents (Fig. 3). In one case of type D CCF where
the patient had history of trauma, we had to perform
parent artery occlusion with detachable coils as the ICA
was very tortuous and there was severe venous ectasia of
cavernous sinus. In this case, adequacy of the intracra-
nial circulation was assessed with pre procedure balloon
occlusion test, which the patient tolerated well. In other
three cases of type D CCF, the trans-arterial route was
taken after failed attempts of transvenous cannulation.

Fig. 1 MRI T2WI in axial plane (a) at mid-orbit level shows mild proptosis on the right side and (b) at the level of superior rectus muscle; (c)
sagittal and (d) coronal planes show dilated right SOV (white arrow). Right ECA DSA images in AP (e) and lateral (f) projections show type C
indirect CCF with dilated retrogradely filling right SOV. Post coiling DSA images in AP (g) and lateral (h) projections show coil mass (black arrow)
occluding the fistulous connection, the venous pouch, and adjacent segment of right SOV
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Total 11 cases were treated by transvenous access only,
using coils (Tables 2 and 3). In the transvenous group,
inferior petrosal sinus (IPS) route was used to access ip-
silateral cavernous sinus in 9 cases (Fig. 4). In one case,
where the inferior petrosal sinus was completely oc-
cluded and replaced by collaterals, we accessed the cav-
ernous sinus after ultrasound (USG)-guided direct
puncture of the ipsilateral facial vein (Fig. 5). In one
other similar case, we successfully recanalized the oc-
cluded IPS by the microwire and managed to cannu-
late the ipsilateral cavernous sinus through the IPS
(Fig. 6).

In one other case of occluded IPS, the attempted re-
canalization of IPS failed and the involved cavernous
sinus could not be reached from the opposite side
through trans-cavernous connections. In this case, the
microcatheter was passed from the jugular vein to a
small tributary of ipsilateral facial vein and then the in-
volved cavernous sinus was cannulated and coiled.
Two type D cases were treated with combined ap-

proach using both transvenous and trans-arterial access,
as the CCF were showing residual filling from ECA
branches after coil embolization through transvenous
route.

Table 1 Indirect CCF cases

Sr
No.

Age/
sex

Presentation Comorbidities Duration
(months)

Side Type Approach Material used Session Post-procedure status/
follow-up

1. 60/M Chemosis,
proptosis, diplopia

HTN, DM 4 Right C TAE PVA 1 Improved

2. 35/F Chemosis,
proptosis, ↓vision

- 6 Left C TAE Detachable
coils, n-BCA

1 Improved

3. 42/M B/l chemosis,
proptosis, diplopia

HTN 12 Left D TVE-IPS Detachable coils 1 Improved, persistent 3rd
and 6th CN palsy

4. 49/F Chemosis, proptosis HTN, DM 6 Right D TAE PVA 2 Improved

5. 18/M RTA, proptosis,
chemosis, ↓vision

- 16 Right D TAE PVA 2 Improved

6. 42/F Chemosis,
proptosis, diplopia

- 9 Left D TVE-IJV-FV Detachable coils 1 Improved

7. 70/F Chemosis, proptosis HTN, DM 11 Left D TAE PVA 1 Improved

8. 34/M RTA, chemosis,
proptosis, ↓vision

- 2 Left D TAE-PAO Detachable coils 1 Improved, persistent 3rd
and 6th CN palsy

9. 42/F Chemosis, proptosis HTN, DM, CVST 8 Left D TVE-IPS Fibred coils 1 Improved

10. 40/F Chemosis, proptosis CTD 6 Right D TVE/TAE Detachable
coils, PVA

1 Improved

11. 41/M Chemosis,
proptosis, diplopia

- 7 Right D TVE/TAE Detachable
coils, PVA

1 Improved

12. 57/M B/l chemosis,
proptosis, ↓vision

HTN 6 Left C TVE-direct FV
puncture

Fibred coils 1 Improved

13. 49/M Chemosis,
proptosis, diplopia

- 5 Left D TVE-IPS Fibred coils 1 Improved

14. 50/M B/l proptosis,
chemosis

HTN 6 Left D TVE-IPS Fibred coils 1 Improved

15. 17/M Chemosis,
proptosis, ↓vision

- 3 Right D TVE-IPS Fibred coils 1 Improved

16. 47/M Chemosis,
proptosis, diplopia

HTN 9 Right D TVE-IPS Fibred coils 1 Improved

17. 37/M Chemosis,
proptosis, ↓vision

- 15 Right D TVE-IPS Fibred coils 1 Improved, persistent
↓vision

18. 20/M Proptosis, vision
loss

- 18 Right C TVE-IPS Fibred coils 1 Proptosis decreased,
vision loss persisted

19. 31/F Chemosis,
proptosis, diplopia

- 14 Right C TAE Fibred coils, n-
BCA

1 Improved

20. 33/F Chemosis, proptosis - 7 Right C TVE-IPS Fibred coils 1 Improved

Abbreviations: M male, F = female, HTN hypertension, DM diabetes mellitus, TAE trans-arterial embolization, PVA poly-vinyl alcohol particles, n-BCA N butyl
cyanoacrylate (glue), B/l bilateral, TVE transvenous embolization, IPS inferior petrosal sinus, CN cranial nerve, RTA road traffic accident, IJV internal jugular vein, FV
facial vein, PAO parent artery occlusion, CVST cerebral venous sinus thrombosis, CTD connective tissue disorder
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Angiographically cured patients did not show any recur-
rence of initial symptoms on follow-up at 1-week, 1–
month, and 6-month intervals. Six patients had headache
and diplopia on looking laterally to the extreme. Out of
seven patients who suffered various grades of visual def-
icit, five recovered completely and two had persistent fixed
visual deficit. Third and sixth cranial nerves palsy was

present in two patients at the time of diagnosis and per-
sisted even after coil embolization of the CCF.

Discussion
Barrow classified carotid-cavernous fistulas into direct
(type A) and indirect (type B, C, and D) types based on
angioarchitecture and the arterial feeder to the fistula [1,

Fig. 2 a Right ECA DSA in lateral projection show type C indirect CCF with opacification of right cavernous sinus in arterial phase. b Selective
cannulation of the feeding artery with microcatheter (arrow) for embolization with PVA particles. c Post embolization DSA shows non-filling of
the fistula

Fig. 3 DSA images in AP (a) and lateral (b) projections show type C indirect CCF with fistulous connection at foramen spinosum level (arrow). c
Super-selective cannulation with tip of microcatheter at fistula site. d Post coiling DSA shows residual filling from a thin branch of the right
occipital artery (arrow in d). e Super-selective cannulation of the tiny feeder with another microcatheter (arrow in e). Post embolization DSA
images in AP (f) and lateral (g) projections show non-filling of the fistula. h DSA image showing normal opacification of right ICA branches
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2, 6]. Indirect CCF are dural fistulas of cavernous sinus.
Exact aetiology is not known; however, they are seen in
association with chronic hypertension, diabetes mellitus,
cavernous sinus thrombosis, collagen tissue disease, ath-
erosclerosis, and trauma [3, 7]. Association with hyper-
tension and diabetes mellitus was present in our series
in a significant proportion of cases. Several authors have
found its occurrence more in post-menopausal women;
however, in our series among eight female patients, only
two were of post-menopausal age [3, 5, 7]. Occurrence
of the dural fistulas in infancy raises the possibility of
congenital origin of this disease [3]. One type C CCF in
our series had simultaneous presence of multiple vascu-
lar anomalies like congenital ipsilateral orbital capillary
haemangioma, intracranial cavernoma, and developmen-
tal venous anomaly in brain parenchyma. The patient
had complete vision loss and progressive increase in
proptosis for 18 months. The possibility of congenital
aetiology of indirect CCF cannot be ruled out in this
case. Trauma is another less common cause of indirect
CCF. In two of our cases, there was temporal association
of the development of this disease with a prior trauma
from road traffic accidents. In cases of single-hole dural
fistulas, history of trauma should be specifically asked
about [3].
Clinically indirect CCF have a subacute or chronic

course and mostly present with chemosis, proptosis, dip-
lopia, or vision disturbances [3–5, 7]. Sometimes ocular
bruit may be present. The degree of symptoms vary and
there may be intermittent remission and relapse of the
symptoms due to re-routing of the venous drainage.
Sometimes ocular symptoms may resolve because of
spontaneous thrombosis of ophthalmic veins. These
cases should be followed-up closely and further work up
should be done to rule out the possibility of re-routing
of venous drainage to more dangerous cortical or deep

cerebral veins, which put the patients at increased risk of
intracranial haemorrhage or congestive brain pathologies
[3, 7, 8]. Since this disease has a protracted clinical
course and symptoms are largely non-specific, a high
index of clinical suspicion is required to make an early
diagnosis.
The natural course of indirect CCF is inconstant. The

involved part of cavernous sinus may spontaneously
thrombose resulting in resolution of the indirect CCF [3,
7]. Alternatively, in a significant proportion of cases, the
symptoms progress leading to increased ocular pressure,
congestive changes, and decrease in vision. These cases
need urgent treatment as delay may result in irreversible
damage to the vision or persistent cranial nerve palsy.
Two of our cases, who had symptoms for more than 12
months and decreased vision at the time of presentation,
did not show improvement in vision. Similarly in two
other cases, 3rd and 6th cranial nerve palsy persisted
even after embolization of the CCF.
Initial diagnostic work up includes non-invasive cross-

sectional imaging with CT scan and MRI. Degree of
proptosis, orbital oedema, engorged tortuous ophthalmic
veins, and cavernous sinus enlargement are better
depicted on MRI [3, 9]. MRI also helps in evaluation of
oedema and congestive brain parenchymal changes in
cases where there is suspicion of re-routing of venous
drainage. Cross-sectional imaging further helps to rule
out other mimics like neoplasms and infective/inflam-
matory pathologies which may present with similar ocu-
lar symptoms [3]. Digital subtraction angiography (DSA)
is the gold standard for diagnosis, flow dynamics evalu-
ation and treatment planning of CCF [4, 9]. DSA pro-
vides details of arterial feeders, site of fistulous
connection, venous drainage pattern, venous re-routing,
cortical venous reflux, and high-risk collaterals and in
turn helps in determining the need of urgency of treat-
ment [3, 4, 6, 7, 9].
Treatment options include conservative management,

surgical management, radiosurgery, and endovascular
embolization [10]. When symptoms are mild and high-
risk features are absent on diagnostic DSA, the patient
may be put under conservative management with man-
ual compression therapy. The manual compression ther-
apy may result in closure of the fistula in up to 34% of
cases as reported in literature by various authors [3, 5,
7]. Surgery is not preferred and rarely performed. In the
present era, the role of surgery is limited only to provide
vascular access for endovascular management by surgi-
cally exposing ophthalmic veins, where other venous and
arterial accesses had exhausted [3]. Stereotactic radiosur-
gery is another treatment method which appears effect-
ive; however, very delayed and variable response to
treatment makes this therapy unsuitable for emergency
cases [9, 11, 12].

Table 3 Embolizing agent used in managing these patients

Type of embolization agent used Number of patients

Non-fibred coils 6

Fibred coils 10

Only PVA 4

Combined (coil + PVA/liquid embolic agent) 4

Table 2 Different approaches used for embolization

Route of embolization Number of patients

Arterial 7

Venous-patent IPS 8

Venous-recanalized IPS 1

Venous-facial vein 2

Arterial + venous 2
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Endovascular management is the main stay of treat-
ment in symptomatic patients and performed by taking
transvenous or trans-arterial access [3, 9]. The principle
of treatment in any dural fistula is closure of the fistu-
lous connection as well as the immediate draining veins
close to the fistula. Since the feeders in cases of indirect
CCF are small calibre meningeal arteries, mostly it is not
possible to occlude the venous drainage along with the
fistulous connection while performing embolization
through the arterial route [13]. The delivery of
embolization materials at the site of fistula and into the
immediate draining vein is best achieved through trans-
venous access in dural type CCF. In a standard proced-
ure, transvenous access is obtained through femoral vein
puncture. After putting the vascular sheath, a guide/
diagnostic catheter is advanced into the internal jugular
vein and then ipsilateral inferior petrosal sinus (IPS) is
super-selectively cannulated with a microcatheter to
reach the involved cavernous sinus. Then, multiple coils
are deployed to occlude the cavernous sinus near the fis-
tula site. We used both bare platinum as well as fibred

coils for embolization of the fistula. Complete closure of
the CCF is ensured by taking in between angiograms by
another diagnostic catheter already placed in the ECA of
the side of the fistula. In 11 cases, where we treated the
indirect CCF by taking transvenous access, the proced-
ure was done in a single session and none of them
showed recurrence or residual filling of the fistula.
In cases where the IPS is occluded or could not be

cannulated due to difficult anatomy and collateralization,
other alternative venous access has to be taken to reach
the cavernous sinus [14]. Major alternative route targets
the superior ophthalmic vein and its drainage territory
into facial vein. USG-guided percutaneous puncture of
the facial vein, direct puncture of ophthalmic vein with
or without surgical exposure of the same, and even dir-
ect cavernous sinus puncture based on anatomic land-
marks and with certain manoeuvres are described in
literature [5, 13–18]. Cases are reported in literature
where the interventionists have successfully cannulated
the cavernous sinus through unconventional routes like
via superior petrosal sinus or basal venous plexus and

Fig. 4 a Right ICA DSA image shows opacification of right cavernous sinus (white arrow) and SOV (black arrow) in arterial phase. Right ECA DSA
in AP (b) and lateral (c) projections show type D indirect CCF with retrograde contrast flow in right SOV. d DSA image showing super-selective
cannulation of right cavernous sinus via right inferior petrosal sinus with tip of the microcatheter in distal right SOV (arrow). Post coiling DSA in
AP (e) and lateral (f) projections show complete occlusion of the CCF with coil mass in right cavernous sinus and adjacent segment of right
SOV (arrow)

Prasad et al. Egyptian Journal of Radiology and Nuclear Medicine          (2021) 52:155 Page 6 of 9



Fig. 6 Left ECA DSA in AP (a) and lateral (b) projections show type C indirect CCF with occluded left IPS (asterisk in b). DSA in AP (c) and lateral
(d) projections show successfully recanalized IPS with the microcatheter (white arrow) in place. DSA in AP (e) and lateral (f) projections show tip
of the microcatheter lying within the cavernous sinus. Post coiling DSA in AP (g) and lateral (h) projections show coil mass (black arrow) in the
cavernous sinus and complete embolization of the fistula

Fig. 5 Left ECA DSA in AP (a) and lateral (b) projections show type C indirect CCF with dilated SOV (white arrow) and facial vein (black arrow).
DSA images in oblique (c) and lateral (d) projections show percutaneous puncture and selective cannulation of the left facial vein. DSA images in
AP (e) and lateral (f) projections show the microcatheter tip in left cavernous sinus and occluded left IPS (arrow in f). Post coiling DSA in AP (g)
and lateral (h) projections show complete embolization of the fistula with coil mass in the left cavernous sinus and adjacent segment of SOV
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inferior petro-clival veins to embolize the dural CCF [19,
20]. In one of our cases, we successfully recanalized the
occluded IPS by the microwire to reach the cavernous
sinus. Utmost care has to be exercised while trying to re-
canalize the occluded IPS, as there is always a potential
risk of perforation on aggressive attempts leading to sub-
arachnoid or subdural haemorrhage (SDH). The chances
of successful recanalization of the IPS are more when
duration of illness is less. In chronic cases where the oc-
clusion is organized and fibrosis has taken place, it is not
possible and also not advised to attempt for IPS recanali-
zation due to increased risk of complications in the form
of SDH [9, 21]. In one other case where we could not re-
canalize IPS, we approached the cavernous sinus
through USG-guided direct puncture of the facial vein.
Trans-arterial access is taken when no suitable venous

route is available and necessitates super-selective cannu-
lation and embolization of ECA branches supplying the
CCF [3, 7, 13]. Since the ICA branches to the fistula are
usually too small to be selectively cannulated and there
is also risk of migration of embolizing agents into the
critical vessels supplying intracranial brain parenchyma,
they are generally never embolized through arterial
route. Thus, with a trans-arterial access, type C CCF
may be treated in a single session; however, type D CCF
may show residual filling of the fistula from tiny ICA
branches. In these cases, repeat embolization is needed
or manual compression therapy is advised to the patient
and the patient is kept under follow-up. Since the ICA
feeders to the fistula are small calibre arteries, there is a
high chance of their occlusion by manual compression
therapy on follow-up. We had to perform repeat
embolization in two type D cases in our series where
trans-arterial access was taken. All type D cases, treated
with trans-arterial route, were advised and educated for
manual compression therapy and all of them showed
resolution of symptoms on follow-up.
Various embolizing agents are available including coils,

poly-vinyl alcohol (PVA) particles and liquid agents like
n-butyl cyanoacrylate (n-BCA — glue) and ethylene vinyl
alcohol (EVOH) copolymers. Coils are preferred when
the fistula site is accessed by transvenous route for their
ease of use and excellent control during deployment [3,
4, 9, 10]. Initially, we were using detachable coils for
transvenous embolization of indirect CCF. Later, we re-
alized that fibred coils can be used safely in place of de-
tachable coils without compromising the efficacy and
outcome of the treatment. We also observed that in-
creased thrombogenicity of fibred coils helps in achiev-
ing complete embolization of the indirect CCF in a
single session. Similar observations were made by several
authors while performing endovascular embolization
with fibred coils. More thrombogenic fibred coils en-
sures better occlusion of the fistula, decreases the

chances of recanalization, and helps in achieving
complete embolization besides significantly reducing
overall cost of the treatment [2, 7, 22]. Slight modifica-
tion in the approach is required like use of large diam-
eter microcatheter (at least 0.021″ internal diameter) for
selective canulation of the IPS and optimum positioning
of catheter tip in the cavernous sinus. We performed
embolization using fibred coils in ten cases and achieved
complete embolization of the indirect CCF in a single
session. This helped us in significantly reducing the cost
of the treatment.
PVA particles are preferred for embolizing small ECA

branches supplying the fistula. With the advances in
endovascular hardware, complete embolization of the
dural CCF can be achieved even through trans-arterial
route by using the liquid embolic agents like ethylene
vinyl alcohol copolymers (EVOH, Onyx, Medtronics,
USA) or similar materials. The liquid embolic agents
should be used with caution while embolizing middle
meningeal artery (MMA) supplying the fistula near the
foramen spinosum, as there is a high risk of inadvertent
embolization of cranial nerve vasa nervosa leading to fa-
cial nerve palsy [23]. Moreover, sometimes, a long com-
pliant balloon needs to be kept in cavernous ICA to
prevent reflux of liquid embolic agent into the ICA
through tiny dural feeders. All these techniques need
proper training and expertise to master and have been
described in literature for embolization of dural fistula
[4, 9, 10, 16, 21].

Conclusion
Indirect or dural CCFs are important cause of ocular
symptoms leading to significant morbidity to the patient
and may lead to even vision loss if not managed prop-
erly. Endovascular embolization is the treatment of
choice. Transvenous access through the IPS is preferred
approach; however, in cases where IPS is occluded, other
routes are explored to access the involved cavernous
sinus. Use of fibred coils for indirect CCF embolization
is safe and effective and significantly reduces cost of the
treatment.
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