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Abstract

Purpose To investigate the role of orbital color Doppler
ultrasound (OCDUS) in the diagnosis of carotid-cavern-
ous fistula (CCF) with anterior drainage and particularly
whether a negative OCDUS could avoid an invasive diag-
nostic cerebral angiography (DSA).

Materials and methods Twenty-two consecutive patients
with ophthalmic signs suspecting CCF were submit-
ted to ophthalmologic examination, OCDUS and DSA.
CCF diagnosis with OCDUS was based on the finding of
a reversed, arterialized and low-resistive-index (RI <0.5)
blood flow in the superior ophthalmic vein (SOV). Sensi-
bility, specificity, PPV, NPV, and accuracy of OCDUS were
calculated considering both patients and eyes, using DSA
as gold standard.

Results DSA demonstrated 20 CCFs in 18 patients. Con-
sidering the patients, in 18/22 CCF diagnosis was positive
at OCDUS and DSA while 4/22 were negative at both.
Considering the eyes, in 24/43 CCF diagnosis was positive
at both DSA and OCDUS (total eyes = 43, due to one case
of SOV thrombosis). In 19/43 eyes diagnosis was negative
at both OCDUS and DSA. So sensitivity, specificity, PPV,
NPV, and accuracy of OCDUS in the patients and eyes
analysis were all 100 %.

P4 Massimo Venturini
venturini.massimo @hsr.it

Department of Radiology, San Raffaele Scientific Institute —
Vita Salute University, Via Olgettina, 60, 20132 Milan, Italy

Department of Ophthalmology, San Raffaele Scientific
Institute, Milan, Italy

Department of Neuroradiology, San Raffaele Scientific
Institute, Milan, Italy

Vita-Salute San Raffaele University, Milan, Italy

Conclusions OCDUS is a reliable, noninvasive tool in the
diagnosis of CCF; a negative OCDUS could avoid an inva-
sive DSA in patients suspected for anterior-draining CCF.
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Introduction

Carotid-cavernous fistulas (CCFs) represent a relatively
rare, abnormal communication between the carotid arterial
system and the surrounding cavernous sinus. They can be
divided into direct and indirect fistulas based on their flow
rate and source of feeder vessels [1]. In direct fistulas, the
intra-cavernous portion of the internal carotid artery devel-
ops a direct shunt with the cavernous sinus. They are usually
post-traumatic and characterized by a high flow [2]. Indirect
fistulas, also called dural arteriovenous fistulas, derive from
communications between the dural branches of the inter-
nal or external carotid artery and the intracranial venous
sinuses. They are usually spontaneous, and their flow rates
may be lower [3]. The clinical symptoms are highly depend-
ent on the fistula’s venous drainage pattern. The arterial
blood entering the cavernous sinus can usually exit anteri-
orly through the ophthalmic veins, causing ophthalmologic
symptoms due to the reversed blood flow. Congestion of
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the venous structures determines ocular symptoms such as
exophthalmos, chemosis, conjunctival congestion, and glau-
coma [3]. These clinical signs are more evident in high-flow
fistulas, such as in direct fistulas, while dural fistulas fre-
quently have delayed diagnosis due to more subtle manifes-
tations [1]. Congestion of the cavernous sinus may also lead
to diplopia and sometimes to intracranial hemorrhage when
a cortical venous drainage is found [4]. When CCFs drain
posteriorly into the superior and inferior petrosal sinuses,
they are usually asymptomatic [3, 5]. Cerebral digital sub-
traction angiography (DSA) still remains the gold-standard
technique to detect and define the abnormal vascular pattern
of a fistula [6, 7]; angiography represents also an important
therapeutic option to treat the fistula with transarterial (or
transvenous) embolization of the cavernous sinus [8—11].
Considering the high frequency of mild and aspecific ocu-
lar symptoms (e.g., in patients with dural fistulas) and the
invasiveness of diagnostic angiography, requiring hospitali-
zation, a first-line noninvasive diagnostic approach for the
evaluation of a suspected fistula would avoid unnecessary
invasive examinations. Many techniques can show dilata-
tion of the cavernous sinus and ophthalmic veins induced by
fistulas, such as CT Angiography [12-14] and MR angiog-
raphy [15-17]. By the way, they are less sensitive in diag-
nosing subtle alterations produced by indirect fistulas, so
that a negative finding is still not conclusive. Orbital color
Doppler ultrasound (OCDUS) is a simple and noninvasive
technique useful in many ophthalmological [18, 19], vas-
cular [20, 21], and systemic diseases [22, 23]. Also orbital
tumors can be studied with OCDUS [24, 25] and contrast-
enhanced US [26]. OCDUS was previously used, despite
the lack of large series, for the diagnosis of high-flow CCEF,
based on the typical finding of a dilated superior ophthal-
mic vein (SOV) with reversed, arterialized, low-resistance
blood flow [27-29]. In the present study, our purpose was
to investigate the role of OCDUS as a noninvasive screening
technique in the diagnosis of CCF using DSA as gold stand-
ard, particularly to assess its negative predictive value and to
verify whether DSA could be avoided in patients with clini-
cally suspected CCF but negative OCDUS.

Materials and methods
Subjects

We retrospectively evaluated data from all the subjects with
clinically suspected CCF who underwent both OCDUS
and DSA at our institution from February 2000 to July
2014. Subjects who did not undergo either ultrasound or
angiographic examination, or whose angiography preceded
OCDUS, were excluded, while eyes with SOV thrombo-
sis were not considered. All patients were evaluated by
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experienced ophthalmologists and enrolled according to the
presence of one or more of the following ophthalmologic
symptoms: exophthalmos, chemosis, conjunctival conges-
tion, elevated intraocular pressure (>20 mmHg), and cra-
nial nerves deficit.

OCDUS technique

All the OCDUS examinations were performed by the
same 25-year-experienced radiologist and sonographer
(MV), blinded to the final diagnosis, before cerebral angi-
ography. Written informed consent was obtained from
all patients. OCDUS examinations (ATL-Philips IU22/
HDI-5000, Bothell, WA, USA) were performed with the
patient in supine position with closed eyelids, limiting as
much as possible eyeball movements. B-Mode and color
Doppler transversal and longitudinal scans of the orbital
regions were obtained with a linear high-frequency probe
(5-12 MHz), with adequate setting for low blood flow
velocity (acquisition parameters were optimized with a
1200-Hz pulse repetition frequency). After identification of
the optic nerve as a hypoechoic tubular structure behind the
eyeball, color Doppler US imaging of the superior ophthal-
mic vein (SOV) was performed, both in resting state and
during Valsalva maneuver. Size, flow direction, and spectral
waveform of the SOV were analyzed with OCDUS using a
gate width of 1 mm. In each examined SOV, a physiologi-
cal continuous venous flow, regularly depicted as blue at
OCDUS (Fig. 1) moving away from the orbit, with maxi-
mum and minimum velocities, was distinguished from a
pathological signal, typical of CCEF, arterialized blood flow,
depicted as red at OCDUS coming toward the ocular globe,
characterized by a peak systolic and end diastolic velocity
such as the ophthalmic artery. A further distinction between
a normal arterial flow in the ophthalmic artery and a patho-
logical arterialized flow in the SOV was based on the resis-
tive index [RI, defined as (peak systolic velocity—end
diastolic velocity)/peak systolic velocity], higher than 0.5
in the ophthalmic arteries, lower than 0.5 in SOV involved
by CCF with anterior drainage. The finding at OCDUS of a
dilated SOV (diameter >2 mm), with reversed, arterialized,
low-resistance blood flow (RI < 0.5), was considered diag-
nostic for the presence of a CCF with anterior drainage,
as previously reported by other groups [27-29]. OCDUS
was considered pathological when at least three out of four
mentioned criteria were satisfied. Definitive diagnosis was
based on cerebral DSA used as gold standard. Six out of 22
patients underwent also MR angiography.

Cerebral DSA

Cerebral DSA (Philips, Allura Xper biplane system) was per-
formed in all cases with selective catheterization of the internal
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Fig. 2 Cerebral DSA (left
internal a and external b carotid
artery selective injections in
lateral view) shows a CCF of
the left cavernous sinus with
anterior drainage in the left
superior ophthalmic vein. Dural
branches of both internal and
external carotid artery feed

the fistula. The left superior
ophthalmic vein is early opaci-
fied, abnormally dilated with
reversed blood flow

and external carotid and vertebral arteries on both sides; fron-
tal, lateral, and oblique views were acquired. The presence of
intracranial CCFs in the cavernous sinuses was evaluated. In
positive cases, the angiographic study defined precisely the
site of the fistula, its arterial supply, the angioarchitecture of
the shunt, and the pattern of venous drainage. The identifica-
tion of an anterior retrograde venous flow in the orbital venous
system either monolateral, bilateral, or contralateral to the fis-
tula was assessed. Presence or absence of SOV’s involvement
was accurately considered in each eye (Fig. 2).

Statistical analysis

Positive/negative diagnosis of CCF with OCDUS was
based on the findings of the cerebral DSA, and sensitiv-
ity, specificity, positive (PPV), negative predictive value
(NPV), and accuracy of OCDUS for the diagnosis of CCF

SV Angle 32
Dep 34 cm
Size 1.0 mm

Freq6.0 MHz

WF Low

Dop 72% Map 2

PRF 2500 Hz

were calculated separately considering the number of
patients and the number of eyes, respectively. Statistical
analyses were conducted using SPSS version 20.0 package
(SPSS, Chicago, IL, USA). Continuous variables are pre-
sented as mean +SD for data with a normal distribution.
The distribution of variables was evaluated using the one-
sample Kolmogorov—Smirnov test.

Results

Twenty-two consecutive patients [mean age
61.0 & 14.4 years; 17 (77.3 %) females, 5 (22.7 %) males]
were referred to our department because of ophthalmologi-
cally suspected CCF.

Symptoms prevalence (at least in one of the two sides) in
the study population was as follows: exophthalmos 16/22
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Fig. 3 Unilateral involvement of the SOV in a patient affected by homolateral CCF. SOV is dilated with inversion of flow direction, Doppler

signs of flow arterialization and low-resistance flow (RI < 0.5)

"+ PSV 18.0cmis
EDV 11.8 cm/s
RI 0.34

Fig. 4 OCDUS shows the dilated SOV, and the flow toward the probe with reversed, arterialized, and low-resistance waveform (IR = 0.34)

patients (72.7 %), chemosis 11/22 (50 %), conjunctival
congestion 18/22 (81.8 %), elevated intraocular pressure
10/22 (45.4 %), and cranial nerves deficit 7/22 (31.8 %).
SOV were identified in 100 % of the cases.

Among the total 22 patients, OCDUS was positive in 18
(81.8 %) and negative in four (18.2 %) patients. OCDUS
findings based on SOV alterations were as follows: SOV
dilatation in 14/18 (77.7 %) cases, reversed blood flow
in 17/18 (94.4 %) cases, arterialized blood flow in 18/18
(100 %) cases, and low-resistance blood flow in 16/18
(88.9 %) cases. At least three of the above-mentioned SOV
findings were observed in all patients; moreover, all find-
ings were present in 13/18 (72.2 %) patients (Figs. 3, 4).
In the subgroup of patients who had a positive diagnosis
at OCDUS, CCF was confirmed at DSA in 18/18 (100 %)
cases, while in those with a negative diagnosis at OCDUS,
CCF was found in none. Hence, regarding the ability of
OCDUS in identifying patients with CCF, sensitivity, spec-
ificity, positive predictive value (PPV), negative predictive
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value (NPV), and accuracy of OCDUS were all of 100 %
(Table 1).

DSA demonstrated 20 CCFs (18 dural and 2 direct
carotid-cavernous sinus fistulas) in 18 patients; 16 patients
presented monolateral and two patients bilateral CCF.

Among the 16 patients with monolateral CCF, four
patients presented bilateral SOV involvement, while the
remaining 12 patients demonstrated a monolateral SOV
involvement.

Considering a separate analysis of the eyes, one eye was
not evaluable due to SOV thrombosis (for a total amount
of 43 eyes); 24/43 eyes (55.8 %) were positive, whereas
19/43 eyes (44.2 %) were negative at OCDUS. In all the 24
OCDUS-positive eyes, a CCF was confirmed by DSA; in
particular in 20/24 (75 %) cases, the fistula was homolat-
eral to the OCDUS finding, whereas in the remaining four
eyes, it was contralateral (monolateral fistula causing bilat-
eral SOV involvement and, consequently, bilateral OCDUS
positivity).
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Table 1 OCDUS diagnostic performance

Fistula No fistula Total
OCDUS positive 18 0 18 Positive predictive value 18/18 = 100 %
OCDUS negative 0 4 4 Negative predictive value 4/4 = 100 %
Total 18 4 22

Sensitivity 18/18 = 100 %

Specificity 4/4 = 100 %

Accuracy (18 + 4)/22 =100 %

In none of the 19 OCDUS-negative eyes, CCF was
detected at DSA (none false negative).

Therefore, sensitivity, specificity, PPV, NPV, and accu-
racy of OCDUS in the eyes sub-analysis were all 100 %.

In two out of six patients who underwent also MR angi-
ography, MR provided a false-negative result, and both
cases were low-flow dural fistulas not determining SOV
dilation.

Discussion

CCFs represent 10-15 % of all intracranial arteriovenous
shunts [30]. DSA is considered the gold standard for the
diagnosis and characterization of the venous drainage,
anterior vs posterior [31, 32]. Moreover, it is crucial in the
choice of CCF treatment: endovascular vs surgical [8—11].
However, DSA remains an invasive tool with potential risk
of peri-procedural complications [33], requires hospitaliza-
tion, and exposes patients to ionizing radiations. In case of
clinical suspect of CCEF, usually CT [12-14] or MR angi-
ography [15-17] is the first technique employed to confirm
the diagnosis and to decide for subsequent DSA. Limits of
both techniques are represented by the potential risk of con-
trast administration, impossibility to perform both in case
of severe nephropathy, and lack of hemodynamic informa-
tion. Moreover, CT angiography provides a significant radi-
ation dose, and MR angiography cannot be performed in
patients with pacemakers. From 1991, on the basis of SOV
blood flow arterialization, OCDUS was used as noninva-
sive diagnostic technique to diagnose and monitor carotid-
cavernous and dural fistulas, in a very small number of
patients [27, 28]. The SOV findings reflect the intracranial
venous hemodynamics because the SOV reaches the cav-
ernous sinus without a valve through the sphenoidal fissure,
and no valve is present in the intracranial venous system
[29]. In 2002, Kawaguchi et al. [29] concluded their study
with OCDUS, based on a larger cohort of patients (n = 20)
affected by dural fistulas previously diagnosed with DSA,
with the following sentence: “these findings were useful to
evaluate the intracranial venous hemodynamics in dural fis-
tulas.” Differently from CT and MR angiography, the abil-
ity of OCDUS technique to give hemodynamic informa-
tion in CCFs through SOV blood flow changes is known.

but actually nowadays. there is a lack of studies regarding
the diagnostic accuracy of OCDUS in CCFs. The aim of
the present study, based on 22 patients, was not only to
assess the sensitivity and specificity of OCDUS using DSA
as gold standard in CCF diagnosis, but also extended to
emphasize the negative predictive value. Sensitivity, speci-
ficity, positive predictive value, negative predictive value,
and accuracy were all 100 %, considering either 22 patients
or 43 eyes (one excluded due to SOV thrombosis). There-
fore, in our experience, OCDUS was significantly accurate
in the diagnosis of CCF with anterior drainage conditioning
an ocular symptomatology mainly based on exophthalmos
and conjunctival congestion. DSA demonstrated 20 CCFs
in 18 patients with significant prevalence of dural fistulas
(n = 18) on carotid-cavernous sinus fistulas (n = 2). We
have evaluated the true negatives (100 %), using DSA to
accurately define either the involved or the non-involved
SOVs, to verify whether, in a patient with a clinically sus-
pected CCF, a negative OCDUS could avoid DSA. As the
crucial point of a positive diagnosis of CCF with OCDUS
is represented by the finding of arterialized, pulsatile flow
of SOV, at the same way, the finding of a normal continu-
ous venous flow of SOV is essential for a negative diagno-
sis. SOVs usually course in the superior-medial part of the
orbit, and their blood flow characterization is not always
easy. In some cases, Valsalva maneuver may be necessary
to identify the SOV: In the present study, all the SOVs were
identified and their blood flow characterized. In physi-
ological conditions, SOV usually shows a caliber less than
1-1.5 mm at US, a flow direction moving away from the
orbit depicted as blue at color, and a spectral waveform
with a typical continuous venous flow with minimal dif-
ferences between maximum and a minimum velocities at
Doppler [34, 35]. In particular cases, significant differences
between maximum and minimum velocities with cyclical,
transient reversed blood flow due to the cardiorespiratory
kinetic may be also recorded, as previously described [34,
35]. In case of high-flow CCEF, the typical involved SOV
shows a dilated caliber more than 2 mm at US, a reversed
blood flow directed toward the ocular globe depicted as
red at color, and a spectral waveform characterized by a
pulsatile, arterialized flow with a peak systolic and an end
diastolic velocity at Doppler. Usually, the arterialized blood
flow is characterized by a low resistive index less than 0.5,
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typical signal of the arteriovenous communications [36]:
This aspect allows a differential diagnosis with ophthal-
mic artery, also characterized by a flow directed toward the
globe with a peak systolic and an end diastolic velocity, but
with an higher resistive index usually more than 0.7. Fur-
thermore, ophthalmic artery has a more curvilinear course
than a dilated SOV with arterialized blood flow. The diag-
nosis of CCF with anterior drainage at OCDUS is obvi-
ously easier in cases of high-flow fistulas compared with
low-flow fistulas, where SOV may be un-dilated, as in four
of our cases: The identification of the un-dilated SOV and
the distinction between a reversed, arterialized flow and a
regular, continuous venous flow is essential for a correct
diagnosis. In case of low-flow CCFs, also ocular symptoms
may be mild differently from high-flow CCFs characterized
by pulsating exophthalmos and ocular congestion. The dif-
ferential diagnosis is with specific ocular diseases or with
thyroid ophthalmopathy, the latter more suspected in case
of bilateral ocular involvement. Our study has some major
limitations. It is a single-center study, and as for the other
previous reported experiences, the population number is
limited, also because CCFs represent a relatively rare dis-
ease. A multicenter larger experience would be desirable
to provide further insights into this specific field. Further-
more, OCDUS is an operator-dependent technology. Our
study was performed by single operator to avoid the inter-
observer bias, which would have been even more deleteri-
ous given the small number of patients.

Anyway, visualization of orbital vessels at retrobulbar
level with OCDUS through ocular globe, a “water ball”
representing a natural acoustic window, is easy. Experi-
enced sonographers using adequate color Doppler ultra-
sound technologies significantly improved in the last
years (harmonic imaging etc.) can always be able to iden-
tify SOVs, accurately setting their OCDUS units for low
blood flow velocities, sometimes during Valsalva maneu-
ver. Moreover, we also believe that they can always char-
acterize SOV blood flow in physiological and pathological
conditions, as for example CCFs with anterior drainage,
and distinguish a normal venous from an arterialized flow,
allowing an accurate noninvasive diagnosis. Differently
from CT and MR angiography, OCDUS is a low-cost, sim-
ple, quick technique able in real time to provide hemody-
namic information about SOV blood flow and probably to
diagnose CCFs, also in case of low-flow fistulas not deter-
mining SOV dilation. As a matter of fact, in two out of six
patients who underwent MR angiography, it provided a
false-negative result due to the lack of SOV dilation.

Summarizing, our study has several limitations (single
center, retrospective, small numbers even though CCF is a
rare disease), thus we acknowledge that no definitive con-
clusion can be drawn. Nevertheless, we believe that given
the high agreement between OCDUS and DSA, important
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insights can still be provided. Of note, it must be remem-
bered all the previous similar experiences also reported
very small patient populations, and none of them assessed
the negative predictive value of OCDUS. Therefore, in our
opinion, the present study adds a small advancement in
knowledge to the current scenario. In conclusion, in case
of clinically suspected anterior-draining CCF, OCDUS
can be considered a noninvasive, reliable screening tool to
detect the presence of CCF; on the other hand, further stud-
ies involving a larger cohort of patients will be necessary to
establish whether a negative finding at OCDUS could avoid
an invasive DSA, as our findings seem to suggest.
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