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ARTICLE INFO ABSTRACT

Keywords: Background and objectives: Carotid-cavernous fistulas (CCFs) represent a group of rare, abnormal arteriovenous
CCF communications between the carotid arterial system and the cavernous sinuses (CS). CCFs often produce
Exophthalmos ophthalmologic symptoms related to increased CS pressures and retrograde venous drainage of the eye. Although
;;;I:;?a endovascular occlusion remains the preferred treatment for symptomatic or high-risk CCFs, most of the data for
Proptosis these lesions is limited to small, single-center series. As such, we performed a systematic review and meta-analysis
Visual decline evaluating endovascular occlusions of CCFs to determine any differences in clinical outcomes based on presen-
Chemosis tation, fistula type, and treatment paradigm.

Method: A retrospective review of all studies discussing the endovascular treatment of CCFs published through
March 2023 was conducted using PubMed, Scopus, Web of Science, and Embase databases. A total of 36 studies
were included in the meta-analysis. Data from the selected articles were extracted and analyzed using Stata
software version 14.

Results: 1494 patients were included. 55.08% were female and the mean age of the cohort was 48.10 years. A total
number of 1516 fistulas underwent endovascular treatment, 48.05% of which were direct and 51.95% of which
were indirect. 87.17% of CCFs were secondary to a known trauma while 10.18% were spontaneous. The most
common presenting symptoms were 89% exophthalmos (95% CI: 78.0-100.0; P = 75.7%), 84% chemosis (95%
CI: 79.0-88.0; 2= 91.6%), 79% proptosis (95% CI: 72.0-86.0; 2= 91.8%), 75.0% bruits (95% CI: 67.0-82.0;

Abbreviations: Carotid-Cavernous Fistulas, (CCFs); Cavernous Sinuses, (CS); Computed Tomography, (CT); Ethylene-Vinyl Alcohol Copolymer, (EVOH) (onyx);
Internal Carotid Artery, (ICA); n-Butyl CyanoAcrylate, (n-BCA).
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2 = 90.7%), 56% diplopia (95% CIL: 42.0-71.0; I? = 92.3%), 49% cranial nerve palsy (95% CIL: 32.0-66.0;
12 = 95.1%), 39% visual decline (95% CI: 32.0-45.0; 12 = 71.4%), 32% tinnitus (95% CI: 6.0-58.0; I2 = 96.7%),
29% elevated intraocular pain (95% CI: 22.0-36.0; 1> = 0.0%), 31% orbital or pre-orbital pain (95% CI:
14.0-48.0; 12 = 89.9%) and 24% headache (95% CI: 13.0-34.0; 12 = 74.98%). Coils, balloons, and stents were the
three most used embolization methods respectively. Inmediate complete occlusion of the fistula was seen in 68%
of cases and complete remission was seen in 82%. Recurrence of CCF occurred in only 35% of the patients. Cranial
nerve paralysis after treatment was observed in 7% of the cases.

Conclusions: Exophthalmos, Chemosis, proptosis, bruits, cranial nerve palsy, diplopia, orbital and periorbital pain,
tinnitus, elevated intraocular pressure, visual decline and headache are the most common clinical manifestations
of CCFs. The majority of endovascular treatments involved coiling, balloons and onyx and a high percentage of
CCF patients experienced complete remission with the improvement of their clinical symptoms.

1. Introduction

Carotid-Cavernous Fistulas (CCFs) are abnormal arteriovenous shunts
between the carotid system and the cavernous sinuses (CS) resulting in
arterialized blood within the venous structures draining the orbit.' This
frequently causes abnormally increased venous pressures within the CS
and orbital veins and can lead to various symptoms such as proptosis,
glaucoma, elevated intraocular pressure, cranial neuropathies, and visual
decline.? The decision to treat CCFs remains multifactorial and is often
based on the severity of clinical symptoms and the angiographic char-
acteristics of the fistula.® Although other treatment modalities exist, in
recent years endovascular occlusion has become the treatment of choice
for the majority of CCFs.® However, most of the data for these lesions
remains limited to small, single-center series. As such, we performed a
systematic review and meta-analysis evaluating endovascular occlusions
of CCFs to determine any differences in clinical outcomes based on pre-
sentation, fistula type, and treatment paradigm.

2. Methods
2.1. Study selection

The systematic review and meta-analysis were performed by PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-Analyses)
guidelines. The following electronic databases were queried: PubMed,
Scopus, Web of Science (WoS), and Embase. Relevant articles were
identified using the following search syntax ((Endovascular treatment)
OR (Interventional Neuroradiology)) AND ((Carotid-Cavernous Fistula
Embolization) OR (CCF)). After primary database searching was com-
plete, the reference list of each paper was screened and related citations
were extracted.

2.2. Inclusion and exclusion criteria

Only peer-reviewed articles evaluating the clinical efficacy of endo-
vascular treatment in CCFs before March 2023 were included. Exclusion
criteria were non-English publications, narrative or systematic reviews
and meta-analyses, and studies with a lack of sufficient data to determine
CCF etiology or type, pre-treatment symptoms, post-treatment outcomes,
or endovascular approaches utilized.

2.3. Data extraction

Two of the authors independently assessed the full text of the
included studies and extracted the data. All data regarding demographics
of patients (e.g., gender, age, country, and duration of follow-up), eti-
ology of CCF (e.g., trauma or spontaneous), surgical approach to the CCF
(e.g., application of coil, balloon, and stent), clinical symptoms of the
patients (e.g., proptosis, chemosis, diplopia, bruits, visual decline, orbital
or pre-orbital pain and headache) and outcomes following endovascular
treatment/observation (e.g. complete or partial remission) were
extracted.

2.4. Statistical analysis

Categorical variables were reported as a percentage and continuous
variables were reported as means and standard deviation (SD). Regarding
demographics data we have reported the percentage of males/females,
mean age of patients, mean duration of follow-up, and the number of
patients in each country. In terms of etiology, we have reported the
percentage of patients with an underlying cause of trauma and patients
with spontaneous CCF. In surgical approaches, we have calculated the
percentage of the application of each endovascular device including
coils, balloons, and stents. We have also assessed the prevalence of
clinical symptoms in CCF patients including proptosis, chemosis,
diplopia, bruits, visual decline, orbital or pre-orbital pain, and headache.
At last, we have evaluated the outcomes of endovascular treatment in
CCF by reporting the percentage of patients with either partial or com-
plete remission. Following a Binominal distribution, the variance along
with a 95% confidence interval was reported. Thereafter, we combined
the incidence of each study using average weight and an inverse asso-
ciation between each study variance and its weight was observed. Het-
erogeneity was assessed using the I index and Q statistic (a significance
level of 10%), and the Freeman-Tukey Double Arcsine Transformation®
was used to stabilize the variance. If the I? indices were more than 50%,
the studies included in the meta-analysis were considered as heteroge-
nous. To perform the meta-analysis, a random effect model was applied
using STATA software (version 14.2). If p was near to 1 or 0, the Meta-
prop command was exerted. The ethical competence of this research was
approved by the ethics committee of our institution Shahid Beheshti
University of Medical Sciences (IR.SBMU.RETECH.REC.1400.477).

3. Results
3.1. Literature search and study selection

This study has been performed based on the PRISMA checklist.® After
an initial search of four electronic databases, 1085 papers (813 from
PubMed, 102 from Scopus, 84 from Embase, and 86 from Web of Science)
were obtained employing the search criteria. After an initial evaluation
by the authors, 413 studies were removed due to duplication. Reasons
such as unavailable abstracts, case reports, review articles, or
non-English studies, excluded 235 further articles. The authors then
carefully assessed the full text of each study, and papers were excluded
due to lack of sufficient data (n = 176), ineligible sample size (n = 63),
inapplicable approaches (n = 95), unavailable full text (n = 13), or not
reporting the necessary information (n = 54). After applying the exclu-
sion and inclusion criteria, a total of 36 studies from 2012 to 2023 were
included in this systematic review and meta-analysis (Fig. 1, Table 1).

3.2. Demographics

Our meta-analysis included a total of 1494 patients (634females
(55.08%), 6 studies have not mentioned the gender of the patients) who
underwent endovascular treatment of a CCF. The mean age of patients in
this meta-analysis was 48.10 years. 9 of these 36 studies were conducted
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Fig. 1. Flow diagram of studies identified in the systematic review and
meta-analysis.

in China, 5 in the U.S., 2 in Germany, 2 in Italy, 2 in France, 2 in Brazil, 1
inIndia, 1 inIran, 1 in Indonesia, 1 in Portugal, 1 in Peru, 1 in Australia, 1
in Turkey, 1 in Vietnam, 1 in Korea, 1 in Taiwan and 1 in Ecuador.

3.3. Etiology

We found that 87.17% of CCFs are caused by trauma, where 10.2%
can be considered spontaneous (Table 2).

3.4. Surgical approaches

Endovascular treatment was performed on a total number of 1516
fistulas. In some studies, the type of these fistulas was mentioned. Based
on the data available, 54.76% of fistulas were indirect and 45.24% were
direct fistulas. A wide range of embolization devices and liquids were
used in different studies. Some endovascular treatments consisted of
more than one device or liquid. Coils (33.03%) and balloons (23.85%)
were the two mostly used devices. The most used liquid embolization
method was embolization with Onyx (6.96%). In some cases, these
methods were used in combination with each other. In 13.76% of fistulas,
several methods were used.

3.5. Clinical symptoms

The outcomes of this analysis show that the most prevalent symptoms
of pre-operative CCF treatment were 89% exophthalmos (95% CI:
78.0-100.0; = 75.7%) (Table 2), 84% chemosis (95% CI: 79.0-88.0;
2= 91.6%) (Table 2), 79% proptosis (95% CI: 72.0-86.0; 2= 91.84%)
(Table 2), 75.0% bruits (95% CI: 67.0-82.0; ?= 90.7%) (Table 2), 56%
diplopia (95% CI: 42.0-71.0; I? = 92.3%) (Table 2), 49% cranial nerve
palsy (95% CI: 32.0-66.0; = 95.1%), 39% visual decline (95% CI:
32.0-45.0; I> = 71.4%) (Table 2), 32% tinnitus (95% CI: 6.0-58.0;
12 = 96.7%) (Table 2), 29% elevated intraocular pain (95% CI: 22.0-36.0;
12 = 0.0%) (Table 2), 31% orbital or pre-orbital pain (95% CI: 14.0-48.0;
1> = 89.9%) (Table 2), and 24% headache (95% CI: 13.0-34.0;
12 = 74.98%) (Table 2) (Fig. 1s.)
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3.6. Outcomes following endovascular treatment/observation

Most papers reported that the closure of the embolization process was
successful. Inmediate complete occlusion of fistula after treatment was
observed in 75.0% (95% CI: 67.0-0.83.0; I? = 94.91%) of cases. The
complete remission rate was 90.0% (95% CIL: 86.0-94.0; 2= 90.15%).
Recurrence of CCF was observed in 35% (95% CI: 5.0-66.0; = 99.75%)
of patients. Cranial nerve paralysis after treatment occurred in 5% (95%
CI: 1.0-9.0; = 43.08%) of patients (Figs. 2s and 3s, Table 2).

3.7. Publication bias

The Begg's funnel plot of included papers is shown in Fig. 4s where no
sign of publication bias was detected (P = 0.161). Hence, we can
conclude that both negative and positive results have been reported
(Fig. 4s).

4. Discussion

CCFs are a type of arteriovenous malformation, leads to direct or
indirect arteriovenous shunts from the internal or external carotid ar-
teries into the cavernous sinus.*! This can result in a variety of clinical
presentations however most have some ocular involvement at the time of
diagnosis.*? Classification systems have been introduced to categorize
CCFs according to their etiology (traumatic or spontaneous), their he-
modynamic status (high or low flow), and their angiographic arterial
supply (direct or indirect).*>*> Based on an angiographic classification
established by Barrow et al,2 CCFs are classified into four types: type A is
characterized as high-flow, direct shunts between the CS and the internal
carotid artery (ICA). This type of fistula can rarely be a complication of
head trauma or be caused by a carotid-cavernous aneurysm rupture.
Trauma to the craniofacial region, whether direct or indirect, can weaken
the muscle wall of the ICA or result in a laceration that causes a vascular
shunt from a high-flow artery system into a low-flow venous sinus, which
causes CCF. Type B CCFs are low-flow, indirect, or Dural arteriovenous
fistulas (DAVFs) between the meningeal branches of the ICA and the CS.
Type C CCFs are shunts between the CS and the external carotid artery
(ECA) and, finally, type Ds represent a communication between the CS
with both the ICA and ECA. Most direct CCFs will present with a com-
bination of chemosis (90%), proptosis (90%), diplopia (50%), pain
(25%), bruit (25%) increased ocular pressure, visual loss, and dysfunc-
tion of the trigeminal nerve (up to 50%). Direct CCFs are usually uni-
lateral however bilateral lesions can occur and are often associated with
higher morbidity.*® Indirect CCFs more frequently occur in
post-menopausal women.* Some factors including pregnancy, hyper-
tension, diabetes, sinusitis, atherosclerotic disease, and thrombosis of CS
predispose patients to develop indirect CCFs."»**” Thrombosis of other
veins distant from fistulous communication, large varix of the CS, pseu-
doaneurysm, and venous drainage into cortical veins are great risk fac-
tors of morbidity and mortality in CCF patients. Elevated intracranial
pressure, progressive proptosis, declined visual acuity, transient ischemic
attacks, and hemorrhage are considered clinical signs and symptoms
associated with poorer prognosis.*®

In this meta-analysis, data extracted from the 36 included studies
were analyzed and four major results were obtained. Regarding the eti-
ology of fistula, 87.24% of CCFs were caused by trauma while 10.1%
were spontaneous. In the method of intervention, 36.49% of CCF patients
were treated by applying a coil as an endovascular device, 25.04% by
balloon, and 12.94% by an onyx (Table 2.). The third significant finding
of our study was about pre-operative symptoms of CCF patients, which
from the most common to the least were identified as exophthalmos,
chemosis, proptosis, bruits, diplopia, cranial nerve palsy, visual decline,
tinnitus, elevated intraocular pressure, orbital and periorbital pain, and
headache with a prevalence of respectively 89%, 84%, 79%, 76%, 52%,
47%, 39%, 32%, 29%, 24% and 19%. Another important finding was that
68% of patients who underwent endovascular treatment-experienced



Table 1
Overview of included studies.

Author The nimber of Female Mean age Trans arterial Transvenous Both arterial and Etiology Symptoms
patients route route venous routes . . .
Trauma  Spontaneous  Chemosis  Proptosis  Exophthalmos  Bruits

Y. Yu, 20127 23 8 36.3 23 0 0 0 23 - - - -
Ying Yu, 2014° 18 4 37.8 18 0 0 16 2 7 - 11
Qinglin Liu, 2021° 10 3 28 10 0 0 10 0 10 - 6 5
C. M. Wendl, 2017*° 14 11 59 - - - 5 1 - - - -
Tiago Rodrigues, 2014'’ 38 29 63 5 22 1 - - 34 32 - 5
Zihuan Zhang, 2021'2 18 9 - - - - - - - - - -
Muhamad Thohar Arifin, 2020*° 31 - - 13 5 0 21 0 21 21 - -
Lui's Henrique de Castro-, 63 - 62.7 2 60 1 - - - - - -

2018Afonso
CUONG TRAN CHI, 2014'* 172 - - 171 1 0 172 0 - 139 - 170
I5alioscia derenzis, 2013 13 7 53.7 10 3 0 6 7 10 - 4
Hui Guo, 2017'¢ 45 28 53.4 0 45 0 - - 41 37 - 36
Yin Niu, 20197 24 - - - - - 24 0 - - - -
Chao-Bao Luo, 2012'¢ 24 9 39 25 0 0 - - 24 24 - 24
Xiao-Quan Xu, 20127 58 15 - 58 0 0 58 0 49 48 - 52
S.Stepha, 2015%° 60 40 59 - - - - 39 46 - 23
Jacob F Baranoski, 2019%! 5 2 47 1 4 0 2 4 4 - -
Luis Henrique de Castro-Afonso, 62 38 62.7 2 58 1 - - - -

20177
Bu-Lang Gao, 2017 188 50 31 - - 188 0 - - - -
Edgar A Samaniego, 2015%* 7 - - 0 0 5 2 2 - 4
Xiang Zhang, 2016 16 4 35.7 17 0 0 17 0 - -
André Beer-Furlan1, 2020%° 7 5 - 7 0 - - 3 5 - -
Xiaojian Lu, 2014”7 32 11 32.3 32 0 0 30 2 28 - 28 31
Bekir Sanal, 2018 23 16 61 5 18 1 - 17 18 - -
Jong Kook Rhim, 2018%° 17 13 64.9 0 34 0 - - - - - -
Francesco Briganti, 2013 30 22 51 0 30 0 - - 16 - 30 -
ALI PASHAPOUR, 2014°" 46 - 36.83 26 10 10 - 46 23 - -
Marcus Ohlsson, 2016°> 9 4 35 - - 5 0 - - 4
Arvinda Hanumanthapura, 21 3 31 21 0 0 21 0 20 19 - 21

2013Ramalin*’gaia
L. Fernando Gonzalez, 2012°* 5 4 - 2 3 0 2 3 - - - 2
Matthew D. Alexander, 2018%° 267 209 60.9 73 199 7 - - 227 221 - -
Fadi Al Saiegh, 2020°° 42 24 63.4 8 32 2 7 0 37 31 - -
Lee J.Holland, 2017% 39 29 59 - - - 13 21 - 30 - -
Lorenz Ertl, 2020%° 33 23 61.9 4 27 2 - - 28 - 29 -
Andres R. Plasencia, 2012%° 24 10 37.5 18 5 1 14 8 8 - - -
Lun-Xin Liu, 2018*° 10 4 35.6 10 0 0 8 2 10 10 - 10
Total 1494 634 48.10 561 563 26 625 73 682 725 99 402

(55.08%) (mean)

D 320 uppDPWYDY Y
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Symptoms Method of embolization
Cranial nerve Diplopia  Orbital and pre-orbital ~ Tinnitus  Elevated Visual Headache  Coil Onyx Stent Balloons nBCA Covered Glue Multiple
palsy pain j(0)4 decline stent
- _ - - - _ _ 23 _ - _ - _ -
- - - - - - - - - - - - 18
3 - - - - - - - - - - 9 - -
- - - - - - - - - - - - - - 11
20 20 14 19 10 24 - - - - - 3 1
- - - - - 14 - - - - - 5
- - - - - - - 8 2 - 10 - - -
- - - - - - - 33 5 - - - - 22
95 - - - - 67 - - - 138 - - 31 -
- - - - - - - 1 - 12 - - 12 12 -
- 26 - - - 19 - - - - - - - - -
- - - - - - - 1 - - 21 - - - 2
- - - - - - 3 25 - - - - - - -
- - - - - 21 - - - - 58 - - - -
36 32 19 15 19 - - - - - - - -
2 4 - - - - - - - - - - - 5
27 - - - - - 32 - - 3 - - 21
- - - - - - - - 188 - -
1 - - 2 - - - - - 6
- - - - - - - - - - - - - 17
6 - - 1 - - - - - - - - - -
26 - - - - 20 - 8 - - 21 - 2 - 1
- 17 10 - - 9 18 - - 1 - 1 1 3
- 14 - - - 30 - - - - - - -
1 - - - - - - - - - - - - 9 -
16 18 - 20 - - 10 - - - - - 21
5 - - - - 2 - 1 - - - - - 4
- 197 - - - 106 - 196 7 - - 4 - - 20
6 14 - 3 - 8 6 1 38 - - - - - 3
- 23 24 16 - - 18 17 - - - - - 5
5 4 2 14 9 22 2 17 - - - - 1 13
- - - 7 6 - 6 - 12 2 - - 2
- - - - 1 - - - 10 - - 10 - -
249 369 67 67 45 328 56 432 91 160 312 12 34 (2.60%) 57 180
(33.03%) (6.96%) (12.23%) (23.85%) (0.92%) (4.36%) (13.76%)

D 320 uppDPWYDY Y
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Table 2
Summary of meta-analysis results.

Number of Pooled Percentage 2 (%)

studies (95% CI)
Etiology
Spontaneous 21 10.2%
Trauma 21 87.17%
Others 21 2.65%
Surgical method
Coil 17 33.03%
Balloons 8 23.85%
Stent 3 12.23%
Gluebran 6 4.36%
Onyx 9 6.96%
nBCA 4 0.92%
Covered stent 5 2.60%
Multiple 19 13.76%
Other 3 2.29%
Clinical symptoms
Chemosis 22 84% (79.0%-88.0%)  91.6%
Proptosis 18 79% (72.0%-86.0%) 91.84%
Exophthalmos 5 89% (78.0%— 75.7%

100.0%)
Bruits 15 75% (67.0%-82.0%) 90.7%
Cranial nerve palsy 14 49% (32.0%-66.0%) 95.1%
Diplopia 11 56% (42.0%-71.0%)  92.3%
Orbital and pre-orbital pain 6 31% (14.0%-48.0%)  89.9%
Tinnitus 9 32% (6.0%-58.0%) 96.7%
Elevated intraocular pressure 4 29% (22.0%-36.0%)  0.0%
Visual decline 14 39% (32.0%-45.0%)  71.4%
Headache 9 24% (13.0%-34.0%) 74.98%
Surgical approaches
Direct fistulas 28 48.05%
Indirect fistulas 28 51.95%
Trans arterial route 28 56% (39.0%-73.0%) 99.93%
Trans venous route 28 45% (25.0%-65.0%) 99.95%
Both Trans arterial and 28 0% (0%-1%) 100.0%
Transvenous routes
Treatment outcome
Immediate complete occlusion 20 75% (67.0%-83.0%)  99.3%
of fistula

Complete remission 17 82% (71%-94%) 99.0%
Recurrence 13 35% (5.0%—66.0%) 99.5%
Cranial nerve paralysis 6 5% (1.0%-9.0%) 1.3%

complete occlusion of the fistula immediately after treatment and 82% of
patients experienced complete remission with total improvement of
clinical symptoms.

As discussed earlier, we extracted data regarding the etiology of CCF
and found that the majority of cases were caused by trauma (87.24%)
and spontaneous CCF constituted (10.1%) of cases. This finding confirms
the previous literature as follows. Different theories explain the post-
traumatic CCF mechanism. Trauma that might be accompanied by
increased shear force and bone fracture can lead to a rupture in the ca-
rotid artery. However, Helmke et al*’ reported no fractures in 42
post-traumatic direct CCF cases; thus, the mentioned theory was
substituted by another theory that trauma leads to an abrupt rise in the
internal carotid artery (ICA) pressure and simultaneous compaction of
the distal artery, leading to vessel wall tear and CCF. In addition to
penetrating or blunt traumas, iatrogenic damage can also result in CCF,
for instance, trans-sphenoidal surgery, carotid angioplasty, etc.*” Spon-
taneous direct CCFs are formed through a cavernous aneurysm rupture or
atherosclerotic artery leading to a weakened ICA wall subsequent to
predisposing factors including pseudoxanthoma elasticum and
Ehlers-Danlos syndrome. Iatrogenic causes such as previous contralateral
ICA occlusion through altering the flow dynamics and pressure can play a
role in spontaneous aneurysmal tears.>>*%°0">2 The causes of Indirect
CCFs are still unknown but there is some evidence supporting congenital
origins.*®>® Factors such as trauma, pregnancy, diabetes, and hyper-
tension are predisposing factors for dural CCF, while the association of
trauma with indirect CCF is less prevalent."">* Among the included
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studies, Liu LX et al and Zeineddine HA et al*>>* reported trauma as cause
of 80% of CCF cases, which is also confirmed by our study. However, the
Sanal B et al study* demonstrated a higher prevalence of spontaneous
causes, which perhaps was due to a higher number of indirect CCF cases
than direct ones in that study.

Endovascular intervention technology, which has recently evolved
enormously, has provided various options for the treatment of CCFs.
Thus, endovascular methods are now counted as the principal therapy in
CCFs, or after conservative treatment failure. Regarding direct CCF, the
target of therapy is the closure of the rupture between the cavernous
sinus and ICA, during which the ICA patency is preserved. This can be
achieved by using a detachable balloon to eliminate the fistula trans-
arterially, applying coils for the abolition of the cavernous sinus of the
ipsilateral site trans-venously or trans-arterially, or positioning a covered
stent through the fistula.! Embolization may be either trans-arterial or
transvenous. If trans-arterial, coils are the optimal choice as embolization
agent. Liquid agents such as n-BCA and onyx can also be used. In com-
bination with this agent a balloon might be used to keep the parent vessel
safe and prevent embolization agent from migrating to cerebral hemi-
spheres. Both coils and liquid agents can be used for transvenous
embolization. Based upon our meta-analysis, the prevalence of patients
treated by coils, balloons, and stent were, respectively, 36.49%, 25.08%,
and 12.94%. Coils are also used in combination with other embolization
agents such as ethylene-vinyl alcohol copolymer (EVOH) (onyx), stent,
balloons and n-butyl cyanoacrylate (n-BCA) as shown in Table 1.
Detachable platinum coils are preferred because apart from simple uti-
lization, whenever they are not placed optimally, they can be removed or
adjusted later.>®> A downside of using balloons is the potential risk of
displacement or deflation which may lead to a recurrence of symptoms
and rehabilitation of the malformation. In addition, they can result in
constant or temporary paralysis of cranial nerves by inducing a mass
effect in the cavernous sinus.”® Onyx, the most used liquid embolization
agent, is used both trans-venously and trans-arterially. Stents have some
advantages over coils or balloons, including rapid positioning, no risk of
coil decampment or herniation, decreased local compaction and mass
effects, and not being associated with pseudo-aneurysm formation.”” A
major disadvantage of stents is that they cannot be applied in acute stages
post trauma.’® In the studies assessed, transvenous approach was used
more than trans-arterial route.

According to the results of our study, the most prevalent pre-operative
symptom of CCF was exophthalmos (89%) followed by chemosis, prop-
tosis, bruits, diplopia, cranial nerve palsy, visual decline, tinnitus,
elevated intraocular pressure, orbital and periorbital pain, and headache
respectively, which is in line with findings from previous studies.
Drainage of the anterior part of the orbit gives rise to congestion of the
orbital vein and subsequent fluids transudation, the elevation of intra-
ocular pressure, laceration of dilated veins, and impairment in perfusion
of the retina.**"*? Proptosis results from elevated orbital pressure,
diplopia from paralysis of cranial nerves, a visual decline from ischemia
in the retina or optic nerve, pain from aqueous return decline, and
elevation in intraocular pressure. Headache is caused by venous hyper-
tension, hemorrhage, and trigeminal nerve impairment. Direct CCFs
generally manifest acutely and progress quickly, which requires imme-
diate action. Perhaps these visual manifestations stem from ischemia in
the retina, however, indirect CCFs usually present insidiously.41 We also
extracted data regarding the outcome of endovascular treatments and
found that 68% of patients who underwent this treatment achieved im-
mediate occlusion of the fistula after treatment, and 82% reached com-
plete remission with no clinical symptoms remained. This supports the
finding of the Phan et al study® which indicated that the success of the
endovascular orbital approach in fistula embolization was 89.9% and
demonstrated that those few patients who did not improve after the
operation, had not received a proper fistula embolization. It is difficult to
predict visual outcomes after CCF treatment, but minor disorders are
associated with better outcomes. Cases with thrombosis in the superior
ophthalmic vein or occlusion of the central retinal vein at the time of
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diagnosis showed poorer visual recovery. On the other hand, direct CCF
patients manifest poorer vision and benefit from endovascular therapy
with greater vision recovery.®®®! Most of the included studies’ findings
were consistent with our results,!#%4%40,54,56,57,62-64

In summary, in this meta-analysis, we gathered all available relevant
evidence about the etiology, endovascular treatment devices, symptoms,
and endovascular treatment outcomes. However, there were some po-
tential limitations. Methods used in eligible studies were not similar and
we included studies with the most valid methods. In addition, as there
was no meta-analysis related to this topic since 2012, we could not
compare our findings with previous ones. Further research is required to
achieve more definite findings and compare these results to yield a better
knowledge regarding different aspects of CCF.

5. Conclusion

CCF, a type of arteriovenous malformation, leads to direct or indirect
arteriovenous shunts. Generally, post-traumatic CCFs constitute a
significantly higher percentage of CCF cases than spontaneous ones.
Exophthalmos, chemosis, proptosis, bruits, diplopia, cranial nerve palsy,
visual decline, tinnitus, elevated intraocular pressure, orbital and peri-
orbital pain, and headache are the most common clinical manifestations
of CCFs. The majority of endovascular treatments involved coiling, bal-
loons and stent and a high percentage of CCF patients experienced
complete remission with the improvement of their clinical symptoms.
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