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Introduction: Dural arteriovenous fistulas (dAVFs) are vascular abnormalities involving abnormal
connections between branches of the carotid or vertebral arteries and the dural leaflets of the venous
sinuses. The most common location is the transverse-sigmoid sinus junction, although they may also occur
in the cavernous sinus, in which case they are referred to as carotid—cavernous fistulas. Their clinical course
depends mainly on the pattern of venous drainage. Case presentation: We present two cases from
our department who presented to the Emergency Department with several months’ history of diplopia.
Clinical examination showed impaired abduction of the left eye, left eye proptosis and redness. The first
patient had undergone imaging studies prior to admission and, in conjunction with the clinical findings,
digital subtraction angiography (DSA) was deemed necessary, establishing the diagnosis of bilateral direct
carotid-cavernous fistulas (Barrow type A). The second patient underwent brain and neck magnetic
resonance imaging and angiography, which revealed multiple arteriovenous fistulas involving branches
of the left external carotid artery and the ipsilateral internal jugular vein, with retrograde venous flow
into the inferior petrosal sinus, the ipsilateral sigmoid sinus, the left superficial middle cerebral vein, the
left inferior ophthalmic vein, as well as the left sigmoid and transverse sinuses (Cognard type lla+b or
Borden type ). Conclusions: Cranial nerve palsy even in the absence of overt signs of venous congestion
does not exclude the presence of an arteriovenous malformation of the central nervous system. When
clinical findings suggest a possible vascular aetiology, or when routine diagnostic work-up is inconclusive,
appropriate imaging studies should be performed to ensure accurate diagnosis and optimal management.
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Eicaywyn: O1 aptinplo@Aefmdels enikoivwvies okAnpds unviyyas (dAVF) anotenolv ayyelakés avwuanies
peta&u kAGdwv twv Kapwtdwv N twv onovOunik@y aptnNPImY Kal twv NetdAwy s okANpAs PAvIyYyas twv
eAePwdOV kdOANWY. H nepioxh ouxvdtepns evidnions ival n cupPoiin Tou eyKAPCIOU HE TOV OlyHOEISN
KOAMO, eV PMNOPEl va €UPAvIoToUV Kal oto onpayymdn kdéAno. Xnv tedeutaia nepintwon ovouddlovial
Kapwudoonpayywdels enikoivwvies. H kAvikh tous nopeia eCaptdtal kupiws and @AePIKA napoxéteuon.
Mapouciaon nepiotatuk®v: MNMapoucidloupe 2 NePICTATKG NS KAIVIKNS pas nou npoohdBav oto Tunpa
Eneiyéviwv Mepiotatikmy 10U voookoueiou pas Ndyw dinAwnias and unvav. H kAivikh eEétaon avédeiEe
biatapaxn anaywyns tou apiotepol opBanuol pe cuvodd €€6pBanuo kal pubpodtnta. H npmtn aobe-
VNS NMPOCKOUIOE aneikoviotkd éneyxo nou €ixe dievepynBei npo tns voonAeias kal o€ ouvbuaoud pe tnv
KAIVIKA s €Ikdva kpiBnke okoniun n dievépyeia Wneiakns Aaipetkns Ayyeioypapias (DSA) nou éBeoe
n dIGyvwon tns kapwudoonpayydous enikolvwvias GUeons nikoivwvias aupotepdnieupa (katnyopia A
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katd Barrow). O deUtepos aoBevhs unePAnBn oe payvnukn topoypagia kal ayysioypagia eykepanou Kal
paxniou nou avédeiEav noAnaniés aptnploPneBwdels enikovwvies peta&u kAAdwy tns aplotepns €Ew Ka-
pwtidas kal tns opdnAeupns éow opayitdas pe avddpopn aptnpiakh poh otov kKétw AIBoeIdn onpayymdn
K&AMo, oto oUCToIXO Clypoeldbh KOAMO, otnv apioteph emnonn yéon eykepanikh eAéRa, otnv apiotephn KATw
o@Banuikn eAéBa kabBws kal otov apiotepd olypoeldn Kal eykdpaio koAno (katnyopia katd Cognard lla+b
h Katd Borden Il). Zupnepdopata: H ndpeon KpaviakoU velpou akdpa Kal Xwpis onpeia cuppdpnons Gev
anokneiel tnv Unap&n apinploPnefmdous duoniaaias KevipIKoU veupikoU cucthpatos. Otav n kAivikh on-
uelodoyia unodeikvuel miBavh ayyelakh artodoyia h o Aoinds napakAivikés €Qegyxos gival apvntikds NPEnel
va Olevepyeital o kataAAnAos aneikovioukos €Ngyxos yia tnv 0pBA didyvwon Kal avuPeTdnion tns vdoou.

Two patients, a 78-year-old woman and a 65-year-
old man, visited our Emergency Department due to
blurred vision and diplopia that started 3 months and
2 months respectively before their admission. Both
patients reported that the vision blurring preceded
the diplopia. The neurological examination of the
first patient showed diplopia with dysfunction of
the left eye abduction, left eye proptosis, conjuncti-
val injection, bilateral eyelid swelling and left eyelid
ptosis with a positive ice pack test (defined as 2mm
improvement), while the rest neurological examina-
tion revealed no other focal neurological deficit. Neu-
rological examination of the second patient revealed
dysfunction of the left eye abduction and diplopia
at the leftward gaze, left eye proptosis, bilateral eye
redness, while the rest of the neurological examina-
tion was unremarkable. Both patients had normal
testing of thyroid function, while the first patient
had also a negative testing for antibodies associated
with Myasthenia Gravis.

The first patient underwent magnetic resonance
imaging (MRI) examinations before coming to our
Emergency Department, which showed dilation of
right ophthalmic vein. Further work-up with Mag-
netic Resonance Angiography (MRA) verified this
and demonstrated additional findings indicating a
Carotid-Cavernous-Fistula (Figure 1A-B). Thus, a
Digital Subtraction Angiography was performed con-
firming the diagnosis by displaying bilateral Carotid-
Cavernous-Fistulas (Figure 1 C-D). Regarding the
second patient, imaging studies were performed dur-
ing hospitalisation. Brain MRI and Orbit MRI showed
enlargement of the left superficial middle cerebral
vein, as well as abnormal signal in the left transverse
sinus and the ipsilateral sigmoid sinus. For further
evaluation of the above findings, MRA of the in-
tracranial and cervical arteries was performed, which
revealed arteriovenous shunts between branches of
the left external carotid artery (the most prominent of
which being the ascending pharyngeal artery) and the
ipsilateral internal jugular vein. Areas of retrograde
venous flow were also depicted, affecting the inferior
petrosal venous sinus, cavernous sinus, left superficial
middle cerebral vein, left inferior ophthalmic vein and
left sigmoid and transverse sinus (Figure 1 E-F-G-H).

As a result, according to angiography findings,

our first patient suffered from bilateral direct ICA-
cavernous sinus fistulas (CCF categorised as type A
according to the Barrow classification).l" Interest-
ingly, she had eyelid ptosis with a positive ice pack
test which is indicative of a neuromuscular junction
deficit leading to diagnostic pitfall. This underlies
the importance of imaging studies when additional
clinical findings and/or seronegativity are present.

On the other hand, our second patient had a jug-
ular bulb/transverse-sigmoid sinus dural AVF with
retrograde flow in dural sinuses and cortical venous
reflux (Cognard type lla+b or Borden type Il dural AV
fistula), which is a non-cavernous DAVF mimicking a
CCFEP Both patients were referred to the Interven-
tional Radiology Department for assessment and
further treatment.

Arteriovenous fistulas (AVFs) are abnormal com-
munications between an artery and a vein that re-
sult in shunting of blood from the former to the
latter. These vascular lesions are uncommon. They
can range from asymptomatic to fatal depending on
the location. Their cause can vary from congenital
to surgically created for hemodialysis treatments or
pathologic processes, such as neoplasms, trauma, or
erosion of an arterial aneurysm.E!

Dural arteriovenous fistulas (dAVF) are vascular ab-
normalities in which arteries arising from branches of
the carotid or vertebral arteries drain directly into the
dural leaflets of the venous sinuses. The transverse-
sigmoid junction is the most common location, with
a slight left-sided predominance. They can also be
found at tentorial, petrosal, ethmoidal, Sylvian, cav-
ernous sinus, spinal dura, and superior sagittal sinus
locations. Histopathologic examination has showed
that the main abnormality in dAVFs is a connection
between the dural arteries and veins within the ve-
nous sinus wall via small vessels, 30 micrometres on
average. In some cases, neovascularisation is induced
by a thrombosis in a dural venous sinus. The clinical
course of dAVFs, including the risk of intracranial
hypertension and haemorrhage depends mostly on
the venous drainage patterns.™ The two most well-
known classification systems used for predicting
the aggressiveness of dAVFs are the Borden (based
on the direction of flow and presence of cortical
venous drainage) and the Cognard (based on the
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location, the direction of flow, presence of cortical
venous drainage, and presence of venous ectasia).
Our second case corresponds to Cognard type lla+b
(drainage into a venous sinus, retrograde flow, reflux
into cortical veins with a 66% risk of haemorrhage
with or without intracranial hypertension) or Borden
type Il (@anterograde flow into a dural venous sinus
with retrograde cortical venous reflux and a 39%
aggressive behaviour) classifications.[24

Carotid cavernous fistulae (CCF), a type of in-
tracranial AVF, represent abnormal arteriovenous
communications, in which arterial blood from the
carotid system enters the cavernous sinus, resulting
in elevated sinus pressure. CCFs are characterized as
direct when they arise from the internal carotid artery
(ICA) proper, most commonly via a ruptured cavern-
ous segment aneurysm, or from traumatic ICA injury
or indirect, in which the arterial supply is via dural
branches of the ICA and/or external carotid artery
(ECA) to the cavernous sinus. The Barrow classifica-
tion is the most commonly used system to stratify
CCFs. Type A fistulae, such as the one depicted in
patient one, are characterized as a direct, high-flow
shunt between the ICA (intracavernous) and cavern-
ous sinus, whereas types B to D constitute variants
of dural arteriovenous fistulae (dAVF) between the
cavernous sinus and arterial feeders from the internal
carotid artery only in type B, meningeal branches of
the external carotid artery in type C, and type D by
contributions from both carotid systems.["!

In 2015, Thomas et al. proposed a new classifica-
tion system for CCFs based on venous drainage:®

Type 1—posterior/inferior venous drainage only
(inferior petrosal sinuses, superior petrosal sinus,
pterygoid, and parapharyngeal plexus)

Type 2—posterior/inferior and anterior venous
drainage

Type 3—anterior venous drainage only (superior
and inferior ophthalmic veins)

Type 4—retrograde cortical venous drainage (su-
perficial middle cerebral veins, perimesencephalic,
and cerebellar venous system)

Type 5—direct ICA-cavernous sinus fistulae (type
A Barrow classification).

The cavernous sinus is located in the parasellar
region at the confluence of the anterior and central
skull base. In addition to venous blood, the cavern-
ous sinus contains the cavernous segment of the ICA
and multiple cranial nerves, including the oculomotor
(I, trochlear (IV), abducens (VI), and the ophthalmic
(V1) and maxillary (V2) components of the trigeminal.
It also receives input from the superior and inferior
ophthalmic veins, Sylvian veins, and veins associated
with the anterior and middle fossae and communi-
cates with surrounding dural venous sinuses, such
as the basilar or clival sinus, the inferior and superior
petrosal sinuses, and the sphenoparietal sinus, as
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well as the pterygoid plexus. Each cavernous sinus
is interconnected via the inferior and superior inter-
cavernous sinuses. !

Clinical manifestations of CCFs vary widely and are
largely determined by the pattern of arterial supply
and, more importantly, venous drainage. Direct CCFs
usually produce more pronounced symptoms because
of their high-flow shunting. In contrast, indirect du-
ral fistulas often develop spontaneously and may
present with subtle ocular findings, such as chronic
conjunctival injection related to low-grade episcleral
venous congestion, or isolated cranial nerve VI palsy
depending on drainage patterns.!” CCFs with anterior
venous drainage typically demonstrate proptosis or
pulsatile exophthalmos (in the case of direct CCFs)
due to arterialisation of the superior and inferior
ophthalmic veins. Ischemic optic neuropathy can
also develop in setting of elevated venous pressure
and vascular compromise.®! In the setting of poste-
rior venous drainage, patients may develop “white-
eyed shunt syndrome” where orbital congestion is
absent and bruit is less commonly reported. Posteri-
orly draining CCFs may be asymptomatic or present
with isolated cranial neuropathy often with associ-
ated orbital pain.”! Diplopia may result from direct
compression of the CNs in the engorged cavernous
sinus, and ptosis and/ or pupillary changes may be
seen with CN Il involvement. Horner syndrome may
accompany VI palsy due to compression within the
cavernous sinus. Compression of V1 and V2 may
cause ipsilateral decreased facial sensation.P! Facial
weakness and hemiparesis may occur in the setting
of brainstem oedema.®

Digital subtraction angiography (DSA) remains the
diagnostic gold standard given its superior spatial
and temporal resolution. Non-invasive alternatives
include CT of the brain with CT-Angiography (CTA)
and brain MRI with MRA B

In rare circumstances, the arteriovenous shunts
are localised outside the cavernous sinus, but mimic
symptoms and radiographic characteristics of a cav-
ernous shunt. Kobkitsuksakul C et al. examined a
series of 350 patients with provisional diagnoses of
carotid cavernous sinus fistulae or cavernous sinus
dural AVF. 10 patients in this series had a final diagno-
sis of noncavernous sinus AVF. The writer concluded
that the clinical presentation depends mainly on the
outflow, which is the result of the venous anatomy
of the central nervous system and skull base.”!

The presentation of isolated nerve palsy without
prominent congestion features does not exclude the
arteriovenous malformation of the cavernous sinus.
Reviewing the literature there have been cases of
isolated cranial nerve palsies that were ultimately
the result of a carotid-cavernous sinus fistula. Lin and
Hu presented the case of a young male patient with
right-side CCF, who initially presented with right-side
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Figure 1. (A-D, Patient 1). Magnetic resonance angiography using a 3D time-of-flight (TOF) technique demon-
strates dilatation and flow-related signal hyperintensity of the right superior ophthalmic vein (red arrow). (B)
A more caudal 3D TOF image shows the expected flow-related signal hyperintensity within the cavernous seg-
ments of both internal carotid arteries (green arrows), along with similar hyperintensity within the cavernous
sinuses (red arrows). Because TOF angiography depicts increased intravascular flow, the presence of high signal
intensity within the cavernous sinuses and superior ophthalmic vein indicates increased flow within these ve-
nous structures, which is referred to as arterialisation, because of its similarity to arterial signal characteristics.
(C, D) Digital subtraction angiography during right (C) and left (D) carotid angiography demonstrates immedi-
ate contrast opacification of the cavernous sinuses (red arrows). These findings are consistent with bilateral
carotid-cavernous fistulas.

(E-H, Patient 2). Magnetic resonance angiography using a 3D time-of-flight (TOF) technique demonstrates
multiple arteriovenous shunts between branches of the left external carotid artery and the ipsilateral internal
jugular vein (red arrows, E). Areas of retrograde, “arterialized” venous flow are also identified within the ipsi-
lateral inferior petrosal sinus and cavernous sinus (red arrows, F), the left superficial middle cerebral vein (yellow
arrows, F and H), the left inferior ophthalmic vein (red arrow, G), and the left sigmoid and transverse sinuses.
The green arrows in panel F correspond to the expected flow-related signal hyperintensity within the cavernous
segments of both internal carotid arteries.

headache and partial third nerve palsy with pupillary
involvement, who had a history of diabetes mel-
litus and minor head trauma.''® The diagnostic ap-
proach with MRA, following a normal CTA, showed
a high-signal intensity at the right cavernous sinus
and the diagnosis was confirmed with a DSA. Wu
et al. presented 11 cases of isolated ocular motor
nerve palsy without any prominent congestive ocular
features. The patients underwent a diagnostic work-
up consisting of CTA and/or MRI/MRA with DSA
confirming the hypothesis. They also showed that
MRA was less sensitive than DSA in the diagnosis,
missing 3/9 patients that it was conducted on.!""
Caiza-Zambrano et al. showed a case of a woman
presenting with abduction limitation in the right eye,
with no proptosis or chemosis. The rest ophthalmo-
logical examination showed visual acuity at 20/30

bilaterally, visual fields, pupillary reflexes, intraocular
pressure, and funduscopic exam were normal. The
remaining neurological exam was unremarkable.
Digital subtraction angiography (DSA) confirmed
an intracavernous aneurysm communicating to the
Cavernous Sinus as a high-flow direct CCF which
was suspected from the MRA.I'Z

In conclusion, our cases highlight that when the
clinical symptoms and signs suggest a possible vas-
cular lesion, then proper imaging studies should be
conducted first and foremost in order to continue
with the correct treatment as also shown in a case
presented by Melanis et al. of a patient with multi-
ple cranial nerve palsies, ocular proptosis and con-
junctival hyperaemia that underwent a transvenous
endovascular coiling of the CCF via inferior petrosal
sinus and showed a remission of the symptoms.['*!
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