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Dear Editor,

I  am Yasutsugu Akasaki, from the Department of 
Ophthalmology, Juntendo University Hospital. I am 

writing this letter to present a case of choroidal folds associated 
with carotid cavernous fistula (CCFs).
CCFs represent various forms of abnormal communication 
between the cavernous sinus and carotid arterial systems, 

and may be idiopathic, traumatic, or iatrogenic[1]. CCFs may 
be classified into high- or low-flow types depending on the 
hemodynamics surrounding the abnormal shunt. CCFs are 
also classified into Barrow type A, B, C, or D according to 
their anatomy. Barrow type A CCFs are the most common and 
exhibit a direct shunt connecting the internal carotid artery 
(ICA) to the fistula, which commonly results in high-flow 
lesions. Barrow type B, C, and D CCFs are indirect shunts 
arising from the meningeal branches of either the ICA or 
external carotid artery (ECA), which usually result in low-flow 
lesions. Barrow type B, C, and D CCFs involve the meningeal 
branches of the ICA, ECA, and both branches of the ICA and 
ECA, respectively[2-4]. Ocular manifestations of idiopathic 
CCF include hyperemia, exophthalmos, diplopia, increased 
intraocular pressure, dilation of the superior ocular veins, 
extraocular muscle thickening, congestive retinopathy, central 
retinal vein occlusion, and choroidal dissection[5-12].
Choroidal folds (CFs) are often observed as a subretinal 
lines, grooves, or striae. The lines are typically parallel to 
each other in a horizontal fashion, but these may be vertical, 
oblique. In addition, since mild CFs are often difficult to 
detect by ophthalmoscopy or fundus photography, further 
examinations are required using optical coherence tomography 
(OCT) or fluorescence fundus angiography. Numerous 
pathologies have been associated with the development of CFs, 
including hypotony, choroidal tumors/detachment, Graves’ 
ophthalmopathy, orbital masses, inflammation, infection, optic 
nerve disorders, posterior scleritis, uveitis, hypermetropia, and 
CCF[13-16].
Despite reports on and the establishment of an association 
between CCF and CFs[17-18], the clinical course and management 
outcomes of CCF with CFs have not yet been investigated. 
Herein, we report a case of idiopathic CCF with CFs and 
describe the clinical course of the CFs after coil embolization 
of the fistula. The study was approved by the Ethics Committee 
of Juntendo University Hospital (Approval number, 
JHS 21-0027) and adheres to the tenets of the Declaration 
of Helsinki. Written informed consent was obtained from 
the patient for publication of this case report and any 
accompanying images.
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CASE PRESENTATION
A 77-year-old woman complained of redness and eyelid 
swelling of her left eye in 2014 and underwent an examination 
at the hospital. 
She had a history of incomplete Behçet disease (oral ulcers, 
genital ulcers, and uveitis) in 2009, which had been treated 
with colchicine, and a history of temporary diplopia caused 
by left oculomotor paralysis from stenosis of the left middle 
cerebral artery in 2012, which had been treated with aspirin 
from 2012 to 2013. In 2013, she complained of redness and 
left eyelid swelling, and magnetic resonance imaging revealed 
abnormal blood flow at the left cavernous sinus. However, 
because of spontaneous remission of her symptoms, she 
received a follow-up examination.
In 2014, she presented with prominent tortuous corkscrew 
vessels and exophthalmos of her left eye (Figure 1A). Her 
visual acuity was 20/25 OD and 20/20 OS, and the intraocular 
pressure was 12 mm Hg OD and 23 mm Hg OS. Hertel 
exophthalmometry revealed proptosis of 13 mm OD and 
18 mm OS. The pupils appeared grossly normal. Slit-lamp 
biomicroscopic examination revealed a shallow anterior 
chamber in the left eye. However, no inflammatory cells were 
observed in the anterior chamber or vitreous cavity in either 
eye. Fundus examination revealed venous dilatation and 
tortuosity in the left eye (Figure 1B, yellow arrows). Spectral 
domain optical coherence tomography (SD-OCT) revealed 
CFs in the left eye (Figure 1C, yellow arrows).
Magnetic resonance imaging revealed swelling of the left 
medial, inferior, and superior rectus muscles (Figure 2A, 
yellow arrows) and enlargement of the superior ophthalmic 
vein (Figure 2B, yellow arrow). No posterior scleral thickening 
was detected in both eyes. Cerebral angiography revealed the 
presence of left-sided CCF (Figure 3A, 3B, red arrows), which 
was supplied by the right ECA (Figure 3A, yellow arrow) and 
the right ICA (Figure 3B, yellow arrow). After we performed 
endovascular coil embolization on the detected CCF 3wk 
after angiography (Figure 3C, red arrow), flow from the ECA 
(Figure 3D, yellow arrow) and ICA (Figure 3E, yellow arrow) 
was no longer detectable (Figure 3D, 3E, red arrows).
Moreover, after embolization, her left ocular corkscrew vessels 
were noticeably improved (Figure 4A). After embolization, her 
visual acuity was 20/20 OD and 20/25 OS, and the intraocular 
pressure was 12 mm Hg OD and 12 mm Hg OS. Hertel 
exophthalmometry showed improved proptosis of 12 mm 
OD and 14 mm OS. Slit-lamp biomicroscopic examination 
revealed a deep anterior chamber in her left eye. At 6mo after 
the procedure, dilation and tortuosity of the retinal veins had 
improved noticeably (Figure 4B), and SD-OCT revealed 
resolution of the CFs (Figure 4C).

DISCUSSION
CCF is a term that encompasses all forms of communication, 
both direct and indirect, between the cavernous sinus and 
the carotid blood flow. This shunting may ultimately lead to 
numerous severe ocular manifestations that warrant close 
monitoring until its spontaneous closure or a prompt response 
if it remains patent. To our knowledge, this report is the first 
to detail the clinical course of concomitant CFs and CCF 
managed by embolization of the detected fistula. CCF presents 
with clinical signs, such as ocular corkscrew vessels, that can 
be detected during routine ophthalmic examinations, but it 
is often misdiagnosed as conjunctivitis or the symptoms are 
neglected as non-specific[19-20]. This results in delayed care 

Figure 1 Preoperative ocular findings of the left-sided carotid 
cavernous fistula Tortuous corkscrew vessels on the left ocular 
surface (A). Fundus photograph showing retinal venous dilatation and 
vessel tortuosity in the left eye (B, yellow arrows). Spectral domain 
optical coherence tomography showing the choroidal folds in the left 
eye (C, yellow arrows).

Figure 2 T2 enhanced magnetic resonance images  Axial view 
showing swelling of the left medial, inferior, and superior rectus 
muscles (A, yellow arrows). Coronal view showing enlargement of 
the left superior ophthalmic vein (B, yellow arrow).

Choroidal folds with carotid cavernous fistula
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and suboptimal prognosis, leading to severe complications, 
such as ophthalmoplegia, acute secondary glaucoma, or 
central retinal vein occlusion[20-21]. Hence, improving the 
understanding of CCF as a possible cause of CFs is important 
for ophthalmologic health providers in order to recognize and 
prevent complications of CCF.
In this report, we describe in detail the presentation and 
clinical course of concomitant CFs and Barrow type D CCF. 
The mechanism by which CCF may induce CFs, as well as 
pachychoroid disease, likely involves venous stasis and the 
resultant increased vortex (vorticose) vein pressure brought 

on by the fistula. Based on this logic, the increased shunted 
blood flow from high-flow CCFs (type A) may cause more 
severe venous stasis, and hence, may increase the likelihood of 
pachychoroid disease and CFs. The current case findings also 
provide clinical support for the correlation between fistular 
blood flow and CFs, as underscored by the improvement of 
CFs after embolization. Notably, however, currently available 
reports of pachychoroid disease and CFs induced by CCF, 
including ours, describe cases of low-flow CCFs (types B or 
D) confirmed using cerebral angiography[5-7]. This suggests 
that a long term of choroidal circulation disorder according 
to slow increased vortex vein pressure caused by low-flow 
CFFs induces CFs. Therefore, additional research and reports 
investigating the relationship between CCF blood flow and 
choroidal changes are warranted to confirm their correlation 
and mechanism. 
Our case report describes a patient with a history of 
Behçet disease. To date, only one report has described the 
simultaneous presence of Behçet disease and CFs, in which 
the CFs were a complication of Behçet-related posterior 
scleritis[22]. Nevertheless, no clinical signs of posterior scleritis 
were noted in our patient, and this minimizes the likelihood 
that the observed CFs were scleritis-induced. However, Behçet 
disease has been found to increase the likelihood of choroidal 
thickening in affected patients than in controls[23-24]. Currently, 
this choroidal thickening is considered to result from increased 
choroidal blood flow, increased vessel resistance, and 
choroidal effusion resulting from inflammation[23]. Because 
choroidal thickening ultimately reflects hemodynamic stasis, 
the simultaneous presence of CCF and Behçet disease may 
synergistically predispose the affected individual to CFs.
This report has several limitations. As this report represents 
a single example of an uncommon disease, the results should 
be generalized with caution. CCF is a rare phenomenon[2], and 
large-scale studies on its pathology and treatment options are 
currently lacking. Besides, we did not utilize enhanced depth 
imaging optical coherence tomography (EDI-OCT) to measure 
choroidal thickness. While SD-OCT is a viable tool for 
confirming gross choroidal thickening and monitoring changes 
before and after treatment, its measurement accuracy remains 
questionable. A previous report described choroidal thickness 
improvement after spontaneous closure of the fistula[6]; hence, 
future case reports on CCFs should utilize EDI-OCT to 
accurately measure and track choroidal thickness changes.
In conclusion, we report a rare case of CF improvement 
following CCF embolization. Delayed CCF intervention may 
lead to irreversible ophthalmoplegia, secondary glaucoma, 
and/or central retinal vein occlusion. Understanding CCF as a 
risk factor for CFs is crucial to avoiding these complications 
and improving patient prognosis.

Figure 3 Frontal views of transvenous embolization  The left-sided 
carotid cavernous fistula (CCF) (A, B, red arrows) is supplied by the 
right external carotid artery (A, yellow arrow) and the right internal 
carotid artery (B, yellow arrow). After coil embolization of the left 
CCF (C, red arrow), blood flow from the right external carotid artery 
(D, yellow arrow) and the right internal carotid artery (E, yellow 
arrow) is undetectable (D, E, red arrows).

Figure 4 Postoperative ocular findings of the left-sided carotid 
cavernous fistula  One month after embolization of the carotid 
cavernous fistula, tortuous corkscrew blood vessels on the left ocular 
surface are significantly reduced (A). Six months after embolization, 
retinal venous dilatation and vessel tortuosity are improved (B, yellow 
arrows). Six months after embolization, the choroidal folds are also 
improved (C, yellow arrows).



1884

ACKNOWLEDGEMENTS
The authors thank the orthoptists at Juntendo University 
Hospital, Department of Ophthalmology, for collecting and 
measuring the data for the case report.
Conflicts of Interest: Akasaki Y, Johnson & Johnson Vision 
Care; Inomata T, Johnson & Johnson Vision Care, Inc.; Hogy 
Medical Co., Ltd.; SEED Co., Ltd.; Santen Pharmaceutical 
Co., Ltd.; Alcon Japan Ltd.; and Lion Ltd.; Santen 
Pharmaceutical Co., Ltd.; InnoJin Co., Ltd.; Sung J, None; 
Ito M, None; Kobayashi H, None; Kuwana R, None; Oishi 
H, None; Murakami A, Eisai Co., Ltd.; Kowa Ltd.; Novartis 
Pharma K.K.; HOYA Corporation; ROHTO Pharmaceutical 
Co., Ltd.; Alcon Japan Ltd.; Alcon Pharmaceuticals Ltd.; 
AMO Japan K.K.; Otsuka Pharmaceutical Co., Ltd.; SEED 
Co., Ltd.; Senju Pharmaceutical Co., Ltd.; Residence Building 
Management, Ltd.; Santen Pharmaceutical Co., Ltd.; Johnson 
& Johnson Vison Care and Alcon Japan Ltd.
REFERENCES

1 Phelps CD, Thompson HS, Ossoinig KC. The diagnosis and prognosis 

of atypical carotid-cavernous fistula (red-eyed shunt syndrome). Am J 

Ophthalmol 1982;93(4):423-436.

2 Ellis JA, Goldstein H, Connolly ES Jr, Meyers PM. Carotid-cavernous 

fistulas. Neurosurg Focus 2012;32(5):E9.

3 Barrow DL, Spector RH, Braun IF, Landman JA, Tindall SC, Tindall 

GT. Classification and treatment of spontaneous carotid-cavernous 

sinus fistulas. J Neurosurg 1985;62(2):248-256.

4 Henderson AD, Miller NR. Carotid-cavernous fistula: current 

concepts in aetiology, investigation, and management. Eye (Lond) 

2018;32(2):164-172.

5 Shinohara Y, Kashima T, Akiyama H, Kishi S. Alteration of choroidal 

thickness in a case of carotid cavernous fistula: a case report and a 

review of the literature. BMC Ophthalmol 2013;13:75.

6 Rey A, Castillo L, Dyrda A, Maseras X, Jürgens I. Subfoveal choroidal 

thickness changes in carotid cavernous fistula following spontaneous 

resolution. BMC Ophthalmol 2016;16:63.

7 González Martín-Moro J, Sales-Sanz M, Oblanca-Llamazares N, 

Bustos-García A, Méndez-Cendón JC, Fandiño E. Choroidal thickening 

in a case of carotid cavernous fistula. Orbit 2018;37(4):306-308.

8 Keltner JL, Satterfield D, Dublin AB, Lee BC. Dural and carotid 

cavernous sinus fistulas. Diagnosis, management, and complications. 

Ophthalmology 1987;94(12):1585-1600.

9 Jørgensen JS, Guthoff R. Ophthalmoscopic findings in spontaneous 

carotid cavernous fistula: an analysis of 20 patients. Graefes Arch Clin 

Exp Ophthalmol 1988;226(1):34-36.

10 Klein R, Meyers SM, Smith JL, Myers FL, Roth H, Becker B. 

Abnormal chloroidal circulation: association with arteriovenous fistula 

in the cavernous sinus area. Arch Ophthalmol 1978;96(8):1370-1373.

11 Mazzeo V, Galli G, Signori D, Perri P. Spontaneous choroidal 

detachment and ‘red-eyed shunt syndrome’: two clinical entities with 

the same cause? Int Ophthalmol 1985;8(3):129-138.

12 Sergott RC, Grossman RI, Savino PJ, Bosley TM, Schatz NJ. The 

syndrome of paradoxical worsening of dural-cavernous sinus 

arteriovenous malformations. Ophthalmology 1987;94(3):205-212.

13 Agrawal M, Tripathy K. Choroidal Folds. 2022. In: StatPearls. 

Treasure Island (FL):StatPearls Publishing; 2022.

14 Bagnis A, Cutolo CA, Corallo G, Musetti D, Nicolò M, Traverso CE. 

Chorioretinal folds: a proposed diagnostic algorithm. Int Ophthalmol 

2019;39(11):2667-2673.

15 Wu W, Wen F, Huang S, Luo G, Wu D. Choroidal folds in Vogt-

Koyanagi-Harada disease. Am J Ophthalmol 2007;143(5):900-901.

16 Cassidy LM, Sanders MD. Choroidal folds and papilloedema. Br J 

Ophthalmol 1999;83(10):1139-1143.

17 Gonshor LG, Kline LB. Choroidal folds and dural cavernous sinus 

fistula. Arch Ophthalmol 1991;109(8):1065-1066.

18 Kupersmith MJ, Sibony PA. Retinal and optic nerve deformations due 

to orbital versus intracranial venous hypertension. J Neuroophthalmol 

2021;41(3):321-328.

19 Xia Y. A red eye induced by a spontaneous carotid cavernous fistula. 

Am J Emerg Med 2018;36(12):2336.e1-2336.e2.

20 Khan S, Gibbon C, Johns S. A rare case of bilateral spontaneous 

indirect caroticocavernous fistula treated previously as a case of 

conjunctivitis. Ther Adv Ophthalmol 2018;10:2515841418788303.

21 Kupersmith  MJ,  Berenste in  A,  Flamm E,  Ransohoff  J . 

Neuroophthalmologic abnormalities and intravascular therapy of 

traumatic carotid cavernous fistulas. Ophthalmology 1986;93(7):906-912.

22 Yanagida C, Usui Y, Sakai JI, Goto H. An unusual case of Behcet 

disease with posterior scleritis: a case report. Medicine (Baltimore) 

2019;98(35):e16886.

23 Kim M, Kim H, Kwon HJ, Kim SS, Koh HJ, Lee SC. Choroidal 

thickness in Behcet’s uveitis: an enhanced depth imaging-optical 

coherence tomography and its association with angiographic changes. 

Invest Ophthalmol Vis Sci 2013;54(9):6033-6039.

24 Karadag AS, Bilgin B, Soylu MB. Comparison of optical coherence 

tomographic findings between Behcet disease patients with and 

without ocular involvement and healthy subjects. Arq Bras Oftalmol 

2017;80(2):69-73.

Choroidal folds with carotid cavernous fistula


