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ABSTRACT

Background: The specific objectives of this study are to identify the carotid cavernous fistula (CCF) type based on
computerized tomography angiography (CTA) results, determine the cut-off diameter of the superior ophthalmic
vein (SOV) and internal jugular vein (IJV) in CCF patients, and to evaluate the correlation between diameters of
the right and left SOV and IJV with CCF type and location.

Methods: A retrospective analysis of data from 35 CCF patients at our institution was conducted between January
2016 and October 2022. The analysis separated the vascular diameters of the right and left SOV and IJV, which
were compared to 35 non-CCF patients. The non-CCF group consisted of individuals who underwent CTA for
conditions unrelated to vascular abnormalities.

Results: In 35 CCF patients, the dilatation of the left SOV was significantly correlated with direct CCF type with
a cutoff of >0.5 cm and significantly associated with indirect CCF type with a cutoff of <0.5 cm (P = 0.017),
while the right SOV was not significantly correlated (P = 0.187). There was no significant correlation between the
right and left IJV with CCF type or location (right IJV, P = 0.996 and left IJV, P = 0.558). However, the analysis
indicated that IJV size differences between CCF and non-CCF patients were significant.

Conclusion: Dilation of the left SOV correlates with both direct and indirect CCF types, while the right SOV
and IJV (both sides) do not show a significant correlation with CCF type or location. This suggests that left SOV
dilation may serve as an early indicator of CCF type, particularly in cases involving the left side.

Keywords: Carotid cavernous fistula (CCF), Internal jugular vein, Superior ophthalmic vein (SOV)

INTRODUCTION

A carotid cavernous fistula (CCF) is an abnormal connection between the carotid artery and
the cavernous sinus (CS), which is a venous structure in the intracranial area.!! CCF is generally
classified into direct and indirect.”®! Clinical symptoms and signs typically appear acutely in direct
CCF cases and more slowly in indirect CCF cases.!"

Craniocerebral trauma is the most common predisposing factor for direct CCEF, accounting for
over 75% of CCF cases. Previous research has shown that CCF occurs in 0.2% of patients with

This is an open-access article distributed under the terms of the Creative Commons Attribution-Non Commercial-Share Alike 4.0 License, which allows others
to remix, transform, and build upon the work non-commercially, as long as the author is credited and the new creations are licensed under the identical terms.
©2024 Published by Scientific Scholar on behalf of Surgical Neurology International

Surgical Neurology International « 2024 « 15(377) | 1


https://orcid.org/0009-0008-9665-1276
https://orcid.org/0000-0002-3062-3546
https://orcid.org/0000-0002-1276-0598
https://orcid.org/0000-0003-0748-6042
https://orcid.org/0009-0004-5601-0029

Sarastika, et al.: SOV and IJV diameter in CCF diagnosis

craniocerebral trauma and 4% with skull base fractures.
In Indonesia, the incidence of head trauma in East Java is
11.9%, resulting in a CCF prevalence rate of approximately
0.0022% in the province.

When a patient is suspected of having CCE, clinicians usually
request a computerized tomography angiography (CTA)
examination, followed by arteriography. If CCF is diagnosed,
endovascular treatment remains the gold standard for CCF
management, particularly for direct types.! However, in
some cases, endovascular treatment is not performed after
arteriography due to various reasons, such as cost or lack of
availability of equipment, especially in indirect CCF cases. As
a result, the costs and time required for treatment increase.
Direct CCF requires immediate endovascular intervention
to manage clinical symptoms and prevent long-term
complications. Indirect CCE, on the other hand, can close
spontaneously in more than 70% of cases.!! Consequently,
rapid CCF diagnosis and type determination are paramount
for preempting potential complications. This study also
addresses the value of its findings for regions with limited
facilities that have access only to CT scans, offering guidance
in diagnosing CCF types where angiography is unavailable.

MATERIALS AND METHODS

This retrospective study was conducted on 35 CCF patients
at our institution from January 2016 to October 2022. The
patient’s age ranges between 11 and 68 years. The average
age of patients in the sample is 38 years. The study aimed to
evaluate the correlation between the diameter of the superior
ophthalmic vein (SOV) and internal jugular vein (IJV) with
CCF type and lesion location.

The inclusion criteria for CCF cases that could be subjects of

this study are as follows:

1. Patients who have undergone a CTA examination at our
radiology department

2. Patients who have been confirmed to have CCF and its
type are based on digital subtraction angiography (DSA)
at the radiology department.

3. Ifthereis a combination of direct and indirect CCF types,
it will be concluded as direct CCFE. The exclusion criteria
were patients with the same medical record examined
more than once, and the results of examinations other
than the first will be excluded. However, it is important
to note that in our patient cohort, specific conditions
associated with SOV dilatation, such as increased
intracranial pressure, Valsalva, Graves disease, and
intra- or retrocavernous masses, were meticulously
evaluated and excluded during the patient selection
process.

An interventional radiology expert re-evaluated the digital
data of CTA. Clinical and imaging data were obtained
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from the medical records of CCF patients who met the
inclusion and exclusion criteria and underwent a CTA
examination on 16-slice Siemens Somatom Multislice
CT scan and 128-slice Philips Ingenuity Core Multislice
CT Scan machines. The obtained data were confirmed by
DSA examination and then statistically analyzed using a
correlation test, calculating the correlation between CCF
type and the diameter of the SOV and IJV. The SOV and
the IJV’s diameter in non-CCF patients were used as a
comparison [Figure 1].

In the non-CCF group, patients were selected from those

who had undergone CTA examinations for other conditions,

excluding vascular disorders related to CCFE. The baseline
characteristics of the two groups are as follows:

e  CCF Group (n = 35): Patients aged 11-68 years, with a
mean age of 38 years. Gender distribution was nearly
equal, with 18 males (51.4%) and 17 females (48.6%)

e Non-CCF Group (n = 35): Patients aged 15-70 years,
with a mean age of 42 years. The gender distribution was
20 males (57%) and 15 females (43%).

The non-CCF patients were not healthy volunteers but
rather individuals who underwent CTA due to other non-
vascular conditions. These patients were selected based on
their medical records, ensuring that none had any vascular
abnormalities related to CCFs.

The diameter of the IJV and SOV were measured in two
dimensions (craniocaudal, anteroposterior, and mediolateral)
and divided by two [Figures 2 and 3].

The clinical parameters were the diameter of the SOV,
the diameter of the IJV at the level of the inferior petrosal
sinus, and the type of CCE whether direct or indirect. The
statistical analysis was conducted using the Chi-square
test to investigate the relationship between gender and
patient status with the use of CCE, Mann-Whitney U-test
to determine the differences in Internal jugular vein right
(IJVR), Internal jugular vein left (IJVL), superior ophthalmic
vein right (SOVR), and superior ophthalmic vein left (SOVL)
values between CCF patients with direct versus indirect, and
the receiver operating characteristic test to find the cutoff for
IJVR, IJVL, SOVR, and SOVL values between CCF patients
with direct versus indirect [Figure 4].

RESULTS

The general objective of this study was to determine the
correlation between the diameter of the SOV and the IJV
based on the type of CCF in patients who underwent CTA at
our institution from January 2016 to October 2022. A total of
35 patients met the inclusion criteria for analysis in this study,
while two patients were excluded from the study. Based on
gender, it was found that there were nearly equal numbers of
male and female patients, with 18 male patients (51.4%) and
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Figure 1: Study flowchart. CCF: Carotid cavernous fistula, DSA: Digital subtractioangiography, CTA:
Computed tomography angiography, IJV: Internal jugular vein, SOV: Superior ophthalmic vein

Figure 2: a: Sagittal, b:Coronal, and c: Axial. An axial view of an angiography computed tomography
scan of a 60-year-old patient’s head shows the internal jugular vein in two-dimensional projection
(anteroposterior and mediolateral).

17 female patients (48.6%) with CCE. The statistical analysis =~ We conducted a separate analysis for the right and left sides
showed P > 0.05, indicating no significant difference in  of the SOV and IJV. The vascular diameters of the left and
gender distribution between the CCF and non-CCF patient  right SOVs and IJVs were compared for both CCF and non-

groups.

CCEF groups.
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Figure 3: Coronal view of head angiography computed tomography
scan of a 41-year-old patient shows the left superior ophthalmic vein
in two-dimensional projection (craniocaudal and mediolateral).
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Figure 4: Receiver operating characteristic
test for finding the cutoff of SOVL in carotid
cavernous fistula patients based on direct versus
Indirect. SOVL: Superior ophthalmic vein left,
AUC: Area under curve.

Analysis of CCF types based on CTA results

The distribution of CCF patients based on type was divided
into two categories: direct and indirect. The study found that
the majority of CCF patients were of the direct type, with
22 patients (62.9%), while 13 patients (37.1%) were of the
indirect type.

The distribution of CCF patients based on location was
divided into three categories: right, left, and bilateral. The
study found that the majority of CCF patients were located
on the left side, with 22 patients (62.9%), followed by
12 patients (34.3%) on the right side, and only one patient
(2.9%) with bilateral CCE. In both CCF and non-CCF
patients, the statistical analysis showed P > 0.05, indicating
that the data were normally distributed. Normality tests
were conducted for all CCF patients to determine the
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appropriate correlation test. The measurement of the right
and left IJV was normally distributed, while the right and
left SOV was not normally distributed. Pearson correlation
tests were conducted for variable pairs that were normally
distributed, while Spearman correlation tests were
conducted for pairs of variables that were not normally
distributed.

The diameter of the right and left SOV in CCF patients

The average size of the right and left SOV in CCF patients
was 0.35 £ 0.29 cm and 0.43 + 0.35 cm, respectively. For
patients with right-side CCE, the average diameter of the
right SOV was 0.37 £ 0.28 cm, and the left SOV was 0.40 +
0.31 cm. Although the right SOV showed slight enlargement,
the correlation was not statistically significant (P = 0.156).
In non CCF patients, the corresponding measurements were
0.12 + 0.04 cm for the right SOV and 0.12 + 0.05 cm for the
left SOV [Table 1]. A significant difference in the size of the
right and left SOV was found in CCF patients compared to
non-CCF patients, with a cutoff value of 0.1 cm for both the
right and left SOV (P < 0.05).

The diameters of the right and left IJV in CCF patients

In our institution, the mean diameter of the right IJV was
0.92 + 0.19 cm, while the mean diameter of the left IJV was
0.73 = 0.17 cm. In non-CCF patients, the corresponding
measurements were 0.78 + 0.19 for the right IJV and 0.64
+ 0.16 cm for the left IJV [Table 2]. Compared to non-CCF
patients, a significant difference was found in the size of
the right and left IJV in CCF patients, with a cutoff value
of 0.9 cm for the right IJV and 0.5 cm for the left IJV (P <
0.05).

Analyzing the diameter of the right and left SOV based on
CCF types

We analyzed the vascular diameters of the left and right
SOVs separately for CCF patients. A significant correlation
was found for left SOV diameters in patients with left-side
CCF (P = 0.017) with a cutoff of >0.5 cm and significantly
associated with indirect CCF type with a cut-off of <0.5 cm,
while no significant correlation was found for the right SOV
in right-side CCF cases (P = 0.187).

Analysis of the diameter of the right and left SOV based on
the type of CCF showed a significant correlation on the left
SOV between direct and indirect types with a cutoff of 0.5 cm
and P < 0.05. However, there was no significant correlation
on the right SOV between direct and indirect types with P >
0.05 [Figure 4]. The statistics of the SOV based on the type of
CCEF are presented [Table 3].
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Table 1: The average size of the right and left SOV in CCF patients.

Variable Right SOV (CCF) Left SOV (CCF)
Mean (cm) 0.35+0.29 0.43+0.35
Cutoff (cm) 0.10 0.10
P-value <0.001 <0.001

Right SOV (non-CCF) Left SOV (non-CCF)
0.12+0.04 0.12+0.05

0.10 0.10

SOV: Superior ophthalmic vein, CCF: Carotid cavernous fistula

Table 2: The average size of the right and left IJV in CCF patients.

Mean SD Cutoff (cm) P-value
Right IJV 0.92 0.19 0.9 0.011
Left IJV 0.73 0.17 0.5 0.036
CCF: Carotid cavernous fistula, IJV: Internal jugular vein
Table 3: Statistical analysis of SOV based on CCF type.

Cutoff (cm) P-value

Right SOV - 0.187
Left SOV 0.5 0.017

SOV: Superior ophthalmic vein, CCF: Carotid cavernous fistula

Table 4: The correlation between right IJV and left IJV based on
the location of CCF (P-value).

Right IJV Left JV
Direct 0.150 0.231
Indirect 0.112 0.859

CCEF: Carotid cavernous fistula, IJV: Internal jugular vein

Analysis of the right and left IJV diameter based on CCF
type

In the case of the IJV, we observed no significant difference
between the right and left sides (P > 0.05) in either direct or
indirect CCF cases. This is likely because the IJV receives
not only shunt blood flow but also cerebral venous drainage.
As the disease progresses, the posterior drainage through
the inferior petrosal sinus can become blocked, which may
reduce blood flow to the IJV on the affected side [Table 4].

Analysis of right and left SOV diameter based on CCF
type and location

The final analysis was performed by dividing patients based
on the location of the lesion, presented overall, and by
CCEF type. The left side was the most affected by CCF, and
significant correlations were found between the following
variable pairs: left SOV with direct and indirect left CCF
and right SOV with right CCF [Table 5]. There was only one
patient with bilateral CCF; therefore, correlation analysis
could not be performed on this patient.

Analysis of right and left IJV diameter based on CCF
location

No significant correlation was found between the diameter
of the right and left IJV with the location of CCF (P > 0.05).

DISCUSSION

The drainage of CCF can be divided into five types:
anterior drainage toward SOV, inferior drainage toward
IPS and pterygoid plexus, contralateral drainage through
intercavernous connections, posterior drainage through the
deep venous system, superior petrosal sinus and cerebellar
vein, and superior drainage through superficial middle
cerebral vein. Venous drainage was categorized into
posterior/inferior drainage toward SPS and IPS, pterygoid
and parapharyngeal plexus drainage, anterior drainage
toward SOV and IOV, cortical drainage toward superficial
middle cerebral vein, and perimesencephalic and cerebellar
venous system. '

Of the total 35 CCF patients in this study, the majority had
lesions on the left side, about one-third on the right side,
and one patient had bilateral lesions. Similar findings were
reported by Chen et al.”® regarding the proportion of lesion
locations, with the most on the left, followed by the right side,
and only one patient with bilateral CCF. In other research, the
left side had more CCF than the right side, with 26 patients
on the left side, 23 patients on the right side, and 16 patients
with bilateral CCE."® Bilateral CCF is rare, and according to
the literature, most of them are post-traumatic CCF ! while
Lee et al. found that the right side had more CCF than the
left side, and only one of 16 patients had bilateral CCE!
The difference is due to the location of the lesion, which can
occur in various locations and lead to different results.

In this study, CCF patients had an average size of the right
SOV of 0.35 + 0.29 cm and the left SOV of 0.43 + 0.35 cm.
These sizes exceeded the average diameter of the right-left
SOV lumen in non-CCF patient populations with a cutoft
of 0.12 cm. These sizes indicate the dilation of the SOV
diameter in the study subjects, as the reported range of
normal SOV diameters varies from 0.3 mm to 4.6 mm."
However, differences in race can lead to differences in normal
values with the cutoff value of non-CCF patients in this
study. Enlargement of the SOV on standard CT or magnetic
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Table 5: Presents the correlation between right SOV and left SOV based on the location of CCF (P-value).

Variable Right SOV (Direct) Left SOV (Direct) Right SOV (Indirect) Left SOV (Indirect)
Mean (cm) 0.35+0.29 0.43+0.35 0.35+0.29 0.43+0.35
P-value <0.001 0.014 0.156 0.024

SOV: Superior ophthalmic vein, CCF: Carotid cavernous fistula

resonance imaging (MRI) scans, whether unilateral or
bilateral, has been reported to be associated with CCE" This
finding is consistent with the literature and previous studies,
which have reported that enlargement of the SOV on
standard CT or MRI scans, whether unilateral or bilateral, is
associated with CCF and indicates drainage to the anterior
through the SOV.

In this study, patients with CCF had an average right IJV size
0f 0.92 cm and a left IJV size of 0.73 cm. These measurements
exceeded the average diameter of the IJV lumen in non-
CCEF patients with cutoffs of 0.78 cm and 0.64 cm for the
right and left IJV, respectively. A significant correlation was
found between the dilation of both the right and left IJV in
CCEF patients compared to non-CCF patients. The dilation of
the IJV in CCF patients is consistent with the literature and
what was reported, which is the drainage of blood from the
inferior region through the plexus pterygoid and IPS."™ The
drainage system was also discussed, which divided drainage
into four categories: superior to the Sylvian vein, anterior
drainage to the SOV, posterior drainage to the petrosal
sinus, and inferior drainage to the plexus pterygoid.'"! The
right IJV was found to be larger than the left IJV, consistent
with studies that measured the diameter of the IJV using
CT scans.”! The finding that the diameter of the right IJV
is larger than the left IJV could be an additional argument
for choosing access through the right IJV rather than the left
[JV if the transarterial route is not possible.'” Access to the
[JV can be done through the IPS,!" but contralateral access
should be avoided even if there is occlusion on the ipsilateral
side due to the possibility of severe drainage disturbance, and
it is better to choose re-canalization of the occluded IPS to
access the CS.I'¥!

Regarding the type of CCE a significant correlation was found
between the dilation of the left SOV and direct left CCF if it
exceeded the cutoff of 0.5 cm and indirect left CCF if it was
less than the cutoff of 0.5 cm. In direct CCE anterior drainage
on the ipsilateral left side causes dilation above the cutoft
value of 0.5 cm, possibly due to higher pressure or high flow
compared to indirect CCE™ In general, CCF has drainage to
the SOV A previous study using color Doppler ultrasound
found that CCF patients with higher pressure or high flow had
larger SOV diameters than those with low pressure or low flow.
I 'The right SOV did not significantly correlate with CCF type,
possibly due to anatomical variations in the SOV. In 8.7% of
patients, fenestration or division of the SOV was found, and
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all were found on the right side. The reason for finding SOV
fenestration at a relatively high frequency is still unclear.”

Based on the CCF type, no significant correlation was found
between the size of the right and left IJV and direct or indirect
CCE The right and left IJV dilation in CCF patients occurs
due to drainage to the inferior side toward IPS, which can be
found in both direct and indirect CCF types.[! The absence
of a significant correlation with CCF types can be explained
by the study, which reported that among several drainage
pathways, venous drainage is primarily to the ophthalmic vein
in Thomas classification types 2 and 3.'? In some existing
studies, measurements were taken at different levels, such as
at the level of the cricoid cartilage, thyroid gland, levels C2-C3,
C5-C6, and C7-T1, which cannot represent the entire [JV.1"

Based on the type of CCEF, a significant correlation was found
between direct left CCF and dilation of the ipsilateral SOV if
it exceeds the cutoff of 0.5 cm and indirect left CCF if it is
less than the cutoff of 0.5 cm. In direct CCEF, drainage to the
anterior on the ipsilateral left side leads to dilation above
the cutoft of 0.5 cm, which may be due to higher pressure or
high flow compared to indirect CCE. Contralateral drainage
is known to be the rarest occurrence, generally as minor
drainage, with the main drainage being ipsilateral — this is
possible due to flow through intercavernous connections,
which can be found in both direct and indirect types of CCE?

One of the limitations of this study is the relatively small
sample size, especially for patients with bilateral CCF, which
are indeed rare cases. The limited number of samples did not
allow for a more detailed analysis based on risk factors or
patient characteristics. Furthermore, the retrospective study
design and limited access to medical record data prevented
the analysis of etiology and radiological characteristics.
Therefore, the correlation found in this study needs further
verification through more extensive prospective studies with
more comprehensive data on etiology and risk factors to
ensure generalizability to a more diverse population.

CONCLUSION

The study found that direct CCF cases were more prevalent
than indirect cases, and lesions were more commonly found
on the left side. The cutoft diameter for both the superior
ophthalmic and IJVs was 0.1 cm. Our findings indicate that
the left SOV is more significantly associated with direct
and indirect CCF cases, especially when the lesion is on the
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left side. However, no significant correlation was observed
between the right SOV and CCF type or location. The IJV
showed no significant differences in size between the right
and left sides, regardless of CCF type or location.

Here are some recommendations based on the retrospective

study:

1. In cases where CCF is suspected, unilateral or bilateral
IJV dilation may provide supportive evidence for
CCF diagnosis, although no significant difference was
observed between the right and left sides

2. An observed dilation of the left SOV diameter exceeding
the cutoff of 0.5 cm is an early indicator of direct CCE,
especially in cases where there is evidence of direct left
involvement

3. Conversely, a left SOV diameter below the cutoff of
0.5 cm is an early indicator of indirect CCF, especially in
cases where there is evidence of direct left involvement

4. Given the larger size of the right IJV, it can serve as a
primary access point for invasive CCF therapy in cases
where arterial access is not feasible.

It should be noted that these findings are derived from
a retrospective study with a relatively small sample size.
Therefore, these observations may provide valuable insights
in cases where the diagnosis of carotid-cavernous fistula is
unclear or when dealing with challenging scenarios, such as
indirect fistulas. Future studies should consider incorporating
additional information, such as time interval, etiology,
clinical presentation, and patient outcomes, particularly for
direct CCF cases associated with head trauma.
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