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SUMMARY: Carotid cavernous fistula is a well-known clinical and angiographic entity responsible for ocular signs and symptoms. On the

contrary, ocular signs are unusual in the presentation of cranial dural arteriovenous fistulas at locations other than the cavernous sinus. We

retrospectively analyzed data focusing on the pathophysiology of ophthalmologic signs and their angiographic explanations. Thirteen patients

were included with a mean age of 50 years. The most common signs were chemosis (61.5%), loss of visual acuity (38.5%), exophthalmia (38.5%), and

ocular hypertension (7.7%). Dural arteriovenous fistulas presenting with ocular signs could be classified into 4 types due to their pathologic

mechanism (local venous reflux into the superior ophthalmic vein, massive venous engorgement of the cerebrum responsible for intracranial

hypertension, compression of an oculomotor nerve by a venous dilation, or intraorbital fistula with drainage into the superior ophthalmic vein).

ABBREVIATIONS: dAVF = dural arteriovenous fistula; SOV = superior ophthalmic vein

C arotid-cavernous fistula is a well-known clinical and angio-
graphic entity responsible for ocular signs and symp-
toms."> The venous engorgement transmitted from the cav-
ernous sinus to the superior and/or, rarely, the inferior
ophthalmic veins could explain these ocular signs. On the con-
trary, ocular signs are very unusual in the presentation of cra-
nial dural arteriovenous fistulas (dAVFs) in locations other
than the cavernous sinus.” In the literature, isolated cases of
dAVFs without involvement of the cavernous sinus, revealed
by ocular signs, could be found.*> These particular and well-
described cases were rarely accompanied by a pathophysio-
logic explanation of the clinical signs. The authors categorized
the different dAVFs associated with ocular signs on the basis of
a 15-year-experience in the endovascular treatment of cranial
dAVFs.

MATERIALS AND METHODS

Patient Selection

We have maintained an ongoing prospective data base with de-
mographic, clinical, and angiographic information regarding pa-
tients with cranial dAVFs. From 2000 to 2015, 305 patients with
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dAVFs have been evaluated in our institution. In this study, we
retrospectively reviewed data of patients who met the following
criteria: 1) the first clinical sign was ophthalmic, 2) a cranial dAVF
was confirmed by digital subtraction angiography, and 3) the lo-
cation of the fistulous point of the dAVF was not in the cavernous
sinus. Demographic data were recorded for each patient, includ-
ing age, sex, vascular risk factors, and clinical presentation.

Pretherapeutic Clinical Evaluation

A clinical history and a neurologic examination were performed
for each patient before the treatment of the fistula. We mainly
looked for the presence of an etiology, the duration of symptoms,
the type of clinical sign, and the evaluation with a modified
Rankin Scale score. Each patient also benefited from an ophthal-
mologic examination, including a visual acuity examination, a
Lancaster test, a funduscopy, and a Goldman test.

Analysis of the Dural Arteriovenous Anatomy

Each patient underwent a 6-vessel pretherapeutic DSA under local
anesthesia. We reviewed these examinations with attention paid to
the location of the fistulous point and angiographic factors that could
explain the ocular sign (venous reflux, compression of a cranial
nerve, or venous congestion). The presence of a venous thrombosis,
stenosis, or ectasia was also noted. Special attention was paid to the
pathophysiology of ocular signs presented by each patient.

Endovascular Treatment
All endovascular treatment was performed with the patient under
general anesthesia. After cerebral MR imaging and DSA were per-


http://orcid.org/0000-0002-0028-0124
http://orcid.org/0000-0001-7681-5044
http://orcid.org/0000-0002-0086-8614
http://orcid.org/0000-0002-1887-5097
http://orcid.org/0000-0001-5801-0816
http://orcid.org/0000-0002-6486-1710
http://orcid.org/0000-0002-6943-9922
http://orcid.org/0000-0002-1354-4328

formed, the location and the anatomy of the dAVF were dis-
cussed, with the aim of choosing the more appropriate treatment.

Postoperative Follow-Up

Follow-up started at the time of the last embolization session and
finished with the last visit or angiography. Angiographic fol-
low-up was performed 6 months after treatment to confirm the

Table 1: Demographic and clinical data of the population

Variable Patients (n =13)
Age (yr) (median) (range) 50.3 (15-72)
Men 9(69.2%)
Clinical signs
Pulsatile tinnitus 5(38.5%)
Chemosis 8 (61.5%)
Exophthalmia 5(38.5%)
Loss of visual acuity 5(38.5%)
Ocular hypertension 1(7.7.%)
Oculomotor palsy 4(30.8%)
Third CN palsy 2(15.4%)
Fourth CN palsy 2(15.4%)
Sixth CN palsy 3(231%)
Papillary edema 9(69.2%)
Time between first sign and diagnosis (mo) 10 (1-36)
mRS score before treatment
1 9(69.2%)
2 4(30.8%)

Note:—CN indicates cranial nerve.

occlusion of the arteriovenous shunt. A neurologic examination
with evaluation with the mRS was systematically performed for
each visit. An ophthalmologic examination was performed in the
posttreatment period (within 3 months after each embolization
session).

RESULTS

Demographic Data and Clinical Presentation

Between 2000 and 2015, 13 patients met the inclusion criteria of
this study. Patient baseline data and clinical signs are described in
Table 1. The mean age was 50.3 years (range, 15-72 years) with a
male preponderance (M/F ratio = 2.25 and 2:25). The most com-
mon clinical sign was chemosis in 8 patients (61.5%), followed by
loss of visual acuity (5 patients, 38.5%), exophthalmia (5 patients,
38.5%), and ocular hypertension in 1 patient (7.7%). Papillary
edema was noted in 9 patients (69.2%) and was unilateral in 7
cases and bilateral in 2 others.

Local Venous Reflux into the Ophthalmic Veins

Ocular signs could be explained by ophthalmic venous engorge-
ment secondary to venous reflux from the fistulous point in most
cases (7/13) in our series. All patients in this group presented with
a chemosis, which was associated with proptosis in 5 patients,
progressive loss of acuity in 1 patient, ocular hypertension in 1
patient, and oculomotor nerve paresis in 2 patients. The classifi-

FIG 1. Pretherapeutic left common carotid artery DSA in anteroposterior (A) and lateral (B) projections and external carotid artery DSA in a
lateral projection (C) highlighting a right jugular foramen dAVF with venous reflux into the right inferior petrosal sinus, the right cavernous sinus,
and the right superior ophthalmic vein in a patient presenting with right chemosis and exophthalmia. D, Note the cast of Onyx (Covidien, Irvine,
California) after an arterial embolization. Posttherapeutic left common carotid injections in anteroposterior (E) and lateral (F) projections.
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FIG2. Lateral (A)andanteroposterior (B) projections of a pretherapeutic left external carotid artery DSA showing a complex fistula of the
posterior third of the superior sagittal sinus in a patient with signs of intracranial hypertension. Lateral projection (C) of the left vertebral
artery injection in the same patient shows multiple fistulous points on the transverse and sigmoid sinuses. D, A lateral skull x-ray with the
important cast of Onyx used to treat the fistulas. Posttherapeutic lateral (E) and anteroposterior (F) projections of the left external carotid

artery injection.

cation of Lariboisiere was 2a+b in 4 cases and 3 in 3 cases. Three
fistulas were located in the middle cranial fossa, with venous
drainage involving the sphenoparietal sinus, the cavernous sinus,
and the superior ophthalmic vein (SOV). The venous reflux also
involved the uncal vein in 1 of these cases. Two other fistulas were
located in the lateral sinus with a venous reflux important enough
to involve the vein of Labbé, the superficial middle cerebral vein,
the cavernous sinus, and the SOV. The last 2 fistulas were located
at the jugular foramen, and the venous reflux involved the inferior
petrosal sinus, the cavernous sinus, and, finally, the SOV (Fig 1).

Intracranial Hypertension due to Venous Reflux

In this series, 4 patients had signs of intracranial hypertension
syndrome, in particular a progressive decrease of visual acuity
associated with headache (1 case) and sixth nerve palsy (1 case). In
all cases, a bilateral papillary edema was found at funduscopy. All
these patients had high-flow dAVFs with bilateral venous reflux
and type 2a+b fistulas. The fistulous point was always located on
alarge venous sinus: the rectus sinus in 1 case, lateral sinuses in 2
cases, and the superior sagittal sinus in 1 case (Fig 2). Arterial
feeders of these fistulas did not present particularity instead of
their high number (4—12) and the recruitment of transosseous
branches from occipital and superficial temporal arteries. In 3 of
these 4 cases, multiple fistulous points were identified along the
sinus wall. In 1 case, a sinus thrombosis, which increases venous
reflux, was present. None of these cases had reversal flow of the
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SOV, and the ocular signs could not be explained by local orbital
venous obstruction.

Cranial Nerve Compression by a Venous Ectasia

In 2 patients in this series, the ocular signs could only be explained
by cranial nerve compression. The first one was a dAVF located on
the free border of the tentorium. Feeding arteries were the medial
tentorial artery (meningohypophyseal trunk), the petrous branch
of the middle meningeal artery, and the mastoid branch of the
occipital artery. The venous drainage interested the basal vein of
Rosenthal without venous reflux but with a venous ectasia of the
posterior third of the basal vein of Rosenthal (Lariboisiére fistula
type 4). This patient was admitted for a progressive trochlear
nerve palsy, which could easily be explained by the compression
of the trochlear nerve by the dilated basal vein of Rosenthal in the
ambient cistern (Fig 3).

The second case was a man who had a 1-month history of
progressive unilateral oculoparesis. The ophthalmologic exami-
nations revealed third, fourth, and sixth cranial nerve paresis. The
DSA showed a dAVFlocated under the lesser sphenoid wing in the
region of the superior orbital fissure. Arterial feeders were the recur-
rent meningeal artery, the middle meningeal artery, and the deep
temporal artery. Venous drainage involved the SOV and the cavern-
ous sinus, with a venous ectasia of the SOV in the superior orbital
fissure (Lariboisiere fistula type 4). This venous ectasia was the only
explanation for the oculomotor paresis.



FIG 3. Pretherapeutic lateral projections of the right external (A) and internal (B) carotid artery
DSA highlighting a tentorial dAVF with venous ectasia of the third portion of the basal vein in a
patient with a trochlear nerve deficit. C, Note the cast of Onyx (Covidien, Irvine, California) after
injection through the middle meningeal artery branches. D, Posttherapeutic right external carotid

artery DSA in a lateral projection without a residual fistula.

Treatment of the Pathology

Treatment details and outcome are summarized in Table 2. Every
patient was treated by endovascular therapy. Twenty-three embo-
lization sessions were necessary to treat the fistulas. Seven patients
were successfully treated in 1 session, 4 patients had 2 sessions,
and 2 fistulas needed 3 sessions to be completely obliterated. One
patient was treated by microsurgical exclusion of a middle cranial
fossa fistula after failed embolization.

An arterial approach was used in 8 sessions; a venous ap-
proach, in 14 patients; and a combined approach, in 1 patient. The
overall success rate per embolization session was 52.2% (12 em-
bolization sessions). In 4 patients (15.4%), the fistula persisted
after the injection of the embolic agent, and in 2 patients (7.7%),
the venous access to the fistula was impossible. Among these 4
patients, in 2, a partial embolization was planned to reduce the
venous reflux and to decrease the intracranial pressure. In 2 pa-
tients (8.8%), the implantation of coils in an arterial feeder near
the fistulous point was sufficient to obliterate the fistula.

Clinical and Angiographic Follow-Up
The fistula was cured at the 6-month follow-up DSA in 11 cases
(78.5%). A partial embolization was planned for 2 patients who
had a complex dAVF and intracranial hypertension.

Neurologic complications were found after 2 embolization
sessions. One patient with a tentorial fistula developed an exten-

sive venous thrombosis a few hours after
the embolization, responsible for a
hemiplegia and multiple cranial nerve
palsies. This patient was dependent and
died 1 year after the treatment. The
other patient with a complication had a
middle cranial fossa dAVF treated by
coils and Glubran Tiss (Aspide Medical,
La Talaudiére, France). Twenty-four
hours after the treatment, she developed
a temporal lobe hematoma with a con-
tralateral hemiparesis (mRS 3). The
mean clinical follow-up was 10.1
months (range, 1-48 months). At the
last follow-up visit, 3 patients had mRS
0; 6, mRS 1; 2, mRS 2; 1, mRS 3; and 1,
mRS 6. The ophthalmologic examina-
tion findings 3 months after treatment
were normal in 8 patients.

DISCUSSION

Cranial dural arteriovenous fistulas are
often symptomatic, with a pulsatile tin-
nitus with or without headache, focal
neurologic deficit, or compressive
signs.">° The occurrence of an intrace-
rebral hematoma is also a well-known
entity, in particular in cases of venous
reflux, cortical vein involvement, or ve-
nous ectasia.! In rare cases, a dAVF
could be symptomatic by ocular signs
such as chemosis, exophthalmia, loss of
visual acuity, or oculomotor nerve
palsy.” The literature of these dAVFs is exclusively represented by
case reports and small case series.”'®'” These articles generally
described the symptoms and angiographic anatomy of the fistula
well but detailed analysis of the pathophysiology was always
missed except for the series of Cognard et al.*

The first and most frequent type of fistula in our series oc-
curred when the ocular signs could be explained by a direct ve-
nous reflux into the orbital veins. This was also the most frequent
type in the literature.” These fistulas are generally located on the
transverse sinus,® with a reflux through the vein of Labbé or at the
foramen magnum. For a venous reflux to produce orbital venous
hypertension, thrombosis or noncompetence of a large venous
collector (jugular bulb or transverse sinus) is necessary. The mid-
dle cranial fossa is also described with reflux into the sphenopari-
etal sinus.” The anatomic variant of the paracavernous sinus
could be an important factor in venous reflux into the superior

219 of tentorial dAVFs with venous

orbital vein. Two case reports
reflux into a basal vein, an uncal vein, and a superior ophthalmic
vein are also described, but they seem to be rare. The importance
of the venous reflux and the high frequency of venous ectasia in
these fistulas are 2 reasons for aggressive management. These fis-
tulas were treated by an arterial approach in all cases described. In
the literature and in our series, ocular symptoms and signs were

reversible after endovascular treatment of the fistula. With a sim-
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Table 2: Details of endovascular treatment and outcome

Variable No. (%)
Total No. of embolization sessions 23
Embolization per patient (mean) (range) 1.8 (1-3)
Venous approach 14 (60.8%)
Arterial approach 8(34.8%)
Combined approach 1(4.3%)
Overall success rate 12 (52.2%)
Incomplete closed fistula 4 (15.4%)
Impossible to catheterize 2(7.7%)
Embolic agent used
Onyx 12(52.2%)
Coils + Onyx 5(21.7)
Glubran Tiss 4 (17.4%)
Coils 2(8.8%)
Success rate
By patient 11/14 (78.5%)
Associated microsurgery 1/14(7.2%)
Complications
Permanent 2(87%)
Death 1(4.3%)
Follow-up
Mean (range) (mo) 10.1(1-48)
Last mRS
0 3(231%)
1 6 (46.2%)
2 2 (15.4%)
3 1(7.2%)
6 1(7.2%)
Ophthalmologic follow-up
Normal findings 8 (61.5%)
Central scotoma 1(7.2%)
Third and sixth nerve palsy 1(7.2%)
Ocular hypertonia 1(7.2%)
Persistent papillary edema 1(7.2%)
Lost to follow-up 1(7.2%)

ilar pathologic mechanism, few cases of cerebral arteriovenous
malformations'' with ocular signs were reported.

Intracranial hypertension syndrome could also explain the oc-
ular signs. Patients had a loss of visual acuity secondary to papil-
lary edema or optic disc atrophy."'*'* Generally, these dAVFs
were multiple arteriovenous shunts located on large sinuses, im-
portant because they could influence the venous drainage of the
encephalon.” The venous engorgement or reflux provoked by the
high flow of the fistula causes hydrocephalus and possibly paren-
chymal edema. The first article describing an elevation of intra-
cranial pressure in a posterior fossa dAVF was that of Lamas et al**
in 1977. In 1998, Cognard et al* published a series including 13
patients with dAVFs with signs of intracranial hypertension.
Among these 13 patients, 8 had a papilledema and 4 had optic disc
atrophy. Other clinical signs described were seizures, tinnitus,
headache, and diplopia.

As for patients in our series, the location of the fistula was
always on a large dural sinus with multiple arteriovenous shunts.
We found a sinus anomaly (thrombosis, agenesis) in 7 of 13 pa-
tients. The treatment of this type of fistula must be aggressive to
avoid the progression of intracranial hypertension signs and irre-
versibility of optic disc atrophy. This treatment is always challeng-
ing because of the multiplicity of shunts. Partial embolization
could be an alternative to decrease the flow of the pathology with-
out risking occlusion of a large dural sinus. This partial treatment
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is often temporary. An aggressive arterial embolization of the fis-
tulas could be performed with concomitant inflation of a large
balloon into the dural sinus, but this treatment exposes the patient
to a higher risk of complications.'” The placement of a ventricu-
loperitoneal shunt is also a palliative solution. The choice of treat-
ment depends on the anatomy of the arteriovenous shunts, their
location, the severity of the clinical signs, and the patient’s
comorbidities.

The compression of a cranial nerve by venous dilation in case
of arteriovenous shunt is well-known, especially for the trigemi-
nal nerve. The occurrence of an oculomotor paresis secondary to
the same diagnosis is rarely reported in the literature, perhaps due

%ofa

to lack of knowledge of anatomic details. Only 1 case report
trochlear nerve deficit caused by a tentorial dAVF and, in partic-
ular, a venous ectasia could be found in the literature. The ana-
tomic details and the relationship between the trochlear nerve and
the venous structures in the perimesencephalic cisterns were not
well-developed in this article. In our series, a similar case is pre-
sented. This is a dAVF located in the posterior incisural space with
its venous drainage involving the posterior part of the basal vein.
As described by Ono et al'” and by Joo and Rhoton,"® the troch-
lear nerve has an intimal relationship with the third portion of the
basal vein and with the superior cerebellar artery into the ambient
cistern. A dilation of the basal vein in its ambient course could
easily result in trochlear nerve compression and a dilation of the
lateromesencephalic vein. The other case in our series with the
same pathologic mechanism is a dAVF located in the region of
the superior orbital fissure with drainage into the sphenoparietal
sinus and the superior ophthalmic vein. This latter vein had an
important dilation at its intracanalicular portion that caused a
compression of nerves (third, fourth, and sixth nerves associated
with an ophthalmic hypoesthesia, typical of superior orbital fis-
sure syndrome).

Another type of fistula with ocular signs is an intraorbital fis-
tula, with direct drainage into the superior ophthalmic vein. We
did not have fistulas of this type in our series, but in 2 case re-
ports,”'? they are well-documented. These fistulas were fed by
ethmoidal branches and were directly drained by the superior
ophthalmic vein; this scenario created intraorbital hypertension.
One of these 2 cases was successfully treated by arterial emboliza-
tion’; the other, by a venous approach after surgical exposure of
the superior ophthalmic vein. Pan et al® also reported 3 other
cases of intraorbital shunt treated by radiosurgery, but not
enough details were reported to understand the pathophysiology
of these fistulas.

CONCLUSIONS

DAVFs with ocular signs could be classified into 4 types due to the
pathologic mechanisms that explain these signs. The first type is a
local venous reflux into the superior ophthalmic vein, the second is a
massive venous engorgement of the cerebrum responsible for intra-
cranial hypertension, the third is a direct compression of an oculo-
motor nerve by a venous dilation, and the last is an intraorbital fistula
with direct drainage into the superior ophthalmic vein.
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