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Abstract
BACKGROUND
[bookmark: OLE_LINK33]Arteriovenous fistula of the sigmoid sinus is an abnormal connection of arteries with the sigmoid sinus. Endovascular treatments of such lesions are considered safe and with low rates of complications.

CASE SUMMARY
[bookmark: OLE_LINK34]A 62-year-old female patient underwent endovascular treatment of an arteriovenous fistula of the right sigmoid sinus on February 7, 2017, but her tinnitus was not cured. She was admitted to the Beijing Tiantan Hospital, Capital Medical University, on March 20, 2017, and her pre-operative diagnosis, by digital subtraction cerebral angiography, was arteriovenous fistula of the sigmoid sinus. She underwent endovascular embolization of the distal occipital artery and posterior auricular artery using Onyx-18. The arteriovenous fistula of the sigmoid sinus was cured, and her tinnitus disappeared, but ischemia of the upper 2/3 of the right auricle occurred without hearing loss. The patient received treatment to improve microcirculation, in addition to fluid supplementation, analgesia, and hyperbaric oxygen, and the swelling due to ischemia in the right auricle did not progress further. The patient reported no tinnitus , and the right auricle had returned to normal 3 years later.

CONCLUSION
[bookmark: OLE_LINK35]Ischemic complications of vital organs should be considered when performing embolization procedures for arteriovenous fistulas of cerebral sinuses. Compensation of the organs should be evaluated before the operation, and the related treatment regimens should be planned.
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[bookmark: OLE_LINK32]Core Tip: A 62-year-old female patient underwent endovascular treatment of an arteriovenous fistula of the right sigmoid sinus, but her tinnitus was not cured. She was admitted to the Beijing Tiantan Hospital, Capital Medical University, on March 20, 2017. She underwent endovascular embolization of the distal occipital artery and posterior auricular artery using Onyx-18. The arteriovenous fistula of the sigmoid sinus was cured, and her symptoms of tinnitus disappeared, but ischemia of the upper 2/3 auricle of the right auricle occurred without hearing loss. Ischemic complications of vital organs should be considered when performing embolization procedures for arteriovenous fistulas of cerebral sinuses.


INTRODUCTION
[bookmark: OLE_LINK36]Dural arteriovenous fistulas (DAVFs) refer to the abnormal connections of the internal carotid artery, external carotid artery (ECA), or vertebral artery branches with sinuses of the dura mater, leading to hemodynamic changes in the sinuses and a higher risk of intracerebral hemorrhage[1-4]. Endovascular therapy is an important method for the treatment for DAVFs. There are many vascular anastomoses in vital organs in the head and facial areas, such as eyes, ears, and nose, and endovascular therapy rarely induces ischemic changes in these organs[5-7]. Here we report a patient with auricle ischemia induced by the embolization of an arteriovenous fistula of the sigmoid sinus through the middle meningeal, occipital, and posterior auricular arteries.

CASE PRESENTATION
Chief complaints
[bookmark: OLE_LINK37]A 62-year-old female patient was admitted to the Neurointerventional Department of Beijing Tiantan Hospital, Capital Medical University, on March 20, 2017, due to 41 d of tinnitus symptoms after a partial embolization of an arteriovenous fistula of the sigmoid sinus through the middle meningeal artery (MMA), without any sign of tinnitus improvement.

History of present illness
[bookmark: OLE_LINK38]The patient reported pulsatile tinnitus in the right ear in June 2016, but without hearing loss.

History of past illness
[bookmark: OLE_LINK39]The patient had no history of head trauma, intracranial infection, nasal sinus infection, or cerebral surgery. As her symptoms did not worsen from June 2016 to February 2017, the patient did not receive specific treatments.

Personal and family history
[bookmark: OLE_LINK40]She did not report any personal and family history. The patient was admitted to the Zhuhai People’s Hospital on February 7, 2017, due to pulsatile tinnitus in the right ear.

Physical examination
[bookmark: OLE_LINK41]The patient reported pulsatile tinnitus in the right ear without any other abnormal physical examination.

Laboratory examinations
[bookmark: OLE_LINK42]Her laboratory examinations were normal.

Imaging examinations
[bookmark: OLE_LINK43]Digital subtraction cerebral angiography (Siemens, Erlangen, Germany) was performed, showing blood flow in the right MMA, right occipital artery (OA), and right posterior auricular artery (PAA) to the right sigmoid sinus, which was classified as Cognard Type-I (Figure 1A). Partial embolization of the arteriovenous fistula of the sigmoid sinus was performed through the MMA at the hospital, but her tinnitus symptoms did not improve after the operation.
Following admission to Beijing Tiantan Hospital, the pre-operative diagnosis, by digital subtraction cerebral angiography, was arteriovenous fistula of the sigmoid sinus. No other treatments were performed before the operation. On March 23, 2017, the patient underwent embolization of the arteriovenous fistula of the sigmoid sinus under general anesthesia. A Marathon micro-catheter (EV3, Plymouth, MN, United States) was inserted into the distal OA to a site close to the fistula, 0.25 mL of dimethyl sulfoxide (DMSO) was injected, and then 0.25 mL of Onyx-18 was injected (Figure 1B). Angiography showed no blood flow from the OA to the sigmoid sinus, but blood flow from the PPA to the sigmoid sinus. A Marathon micro-catheter (EV3, Plymouth, MN, United States) was inserted into the distal PAA to a site close to the fistula, 0.25 mL of DMSO (EV3, Plymouth, MN, United States) was injected, and then 0.25 mL of Onyx-18 was injected (Figure 1C). Angiography showed that the arteriovenous fistula had disappeared after these procedures (Figure 1D). When the patient woke up from anesthesia, her tinnitus symptoms had disappeared. However, she reported pain in the right auricle about 40 min later. Cyanosis and swelling of the upper 2/3 of the right auricle were observed 2 h later, and skin swelling at the occipital area posterior to the ear was also noted (Figure 1E). Hearing in the right ear did not decrease. The patient received treatment to improve microcirculation, in addition to fluid supplementation, analgesia, and hyperbaric oxygen. Swelling of the ischemic right auricle did not progress further. A re-examination using digital subtraction cerebral angiography 3 mo later showed no recurrence of the arteriovenous fistula (Figure 1F), and the cyanosis and swelling in the right auricle had improved. Telephone follow-up 3 years later revealed that the patient had no tinnitus symptoms, and the right auricle had returned to normal.

FINAL DIAGNOSIS
[bookmark: OLE_LINK44]The final diagnosis of the presented case was arteriovenous fistula of the sigmoid sinus.

TREATMENT
[bookmark: OLE_LINK45]The patient underwent endovascular embolization of the distal OA and PAA using Onyx-18 and received treatment to improve microcirculation, in addition to fluid supplementation, analgesia, and hyperbaric oxygen.

OUTCOME AND FOLLOW-UP
[bookmark: OLE_LINK46]The patient reported no tinnitus symptoms, and the right auricle had returned to normal 3 years later.

DISCUSSION
[bookmark: OLE_LINK47]In the case reported here, tinnitus due to DAVF was effectively managed by embolizing the arteries feeding the DAVF. However, the initial treatment at a local hospital was insufficient as since only one artery was occluded. Embolization of the two other arteries finally resolved the tinnitus, but the patient developed auricle ischemia that required 15 d of management before resolution.
DAVF is a condition caused by the abnormal connection of arteries and veins of the dura mater, mainly at the transverse sinus, sigmoid sinus, and cavernous sinus[8]. The blood supply of a DAVF is mainly from the MMA and meningeal branches of the OA. In addition, the posterior meningeal artery (PMA) and meningo-hypophyseal trunk of the internal carotid artery can also participate in the blood supply in rare cases[9-11]. The PAA, a small branch of the ECA is the major blood supply to the auricle[12]. The PAA originates from an ECA branch above the OA, travels to the space between the parotid gland and belemnoid, and then through the groove between the mastoid process and auricular cartilage[13]. Participation of the PAA in a DAVF is relatively rare but is reported to cause tinnitus[14,15], as in the present case. Although embolization therapy was performed for the MMA and OA, the disease was not cured. Therefore, no other options but the embolization of the PAA was available for this patient.
The arteriovenous fistula disappeared after embolization of the PAA. However, the PAA is responsible for the ear's blood supply, and the blood flow in the auricle is from the PAA and the auricle branch of the superficial temporal artery (STA). The STA is a thick artery but has only limited, fine branches for the auricle's blood supply and mainly provides blood to the upper and lower part and 1/2 of the internal side of the middle part of the anterior auricle. On the other hand, the PAA is finer than the STA and has more and thicker auricle branches that mainly distribute blood to the posterior auricle, the auricle's external margin, and 1/2 of the middle-external part of the anterior auricle. Hence, the PAA is the major blood supply of the posterior auricle, auricular lobule, and 1/2 of the middle-external part of the anterior auricle. There is generally one perforating branch which originates from the lower branch of the PAA that travels through the cartilage of the posterior margin of the external auditory canal to the anterior auricle, and 1-2 marginal branches cross the external margin of the auricle to the anterior auricle, which then comprehensively anastomose with the middle and lower branches of the STA[8]. As there are limited anastomoses at the middle and upper parts of the auricle, over-embolization of the PAA could lead to auricle ischemia symptoms, which has not been previously reported to date. The symptoms in this patient disappeared after treatments. Nevertheless, evaluating the compensations and performing corresponding preventive plans are needed during the embolization of arteries providing blood flow to vital organs in order to prevent serious complications.

CONCLUSION
[bookmark: OLE_LINK48]We reported a case of DAVF of the sigmoid sinus treated with Onyx-18 embolization of the MMA, OA, and PPA; however, the patient developed auricle ischemia after treatment. When treating DAVF, complications, including occlusion of normal blood vessels, nerve injuries, and intracranial bleeding, should be managed properly. Regarding the blood supply of vital facial organs, especially when the organ's collateral circulation is insufficient, the possible ischemic complications after embolization need to be evaluated thoroughly.
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Figure Legends
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Figure 1 The diagnosis, surgical procedures and postoperative recovery of the patient. A: Angiography of the right external carotid artery showed the arteriovenous fistula of the sigmoid sinus. The blood supply was from the right occipital artery (short black arrow), right middle meningeal artery (long black arrow), and right posterior auricular artery (white arrow); B: Trans-occipital artery distal microangiography showed the blood flow from the occipital artery branches to the sigmoid sinus; C: Trans-posterior auricular artery microangiography showed blood flow from the posterior auricular artery branches to the sigmoid sinus; D: Angiography after the injection of Onyx-18 through the posterior auricular artery and occipital artery did not show the sigmoid sinus, and the arteriovenous fistula was cured; E: Cyanosis and swelling of the middle and upper 2/3 of the right auricle were found 2 d after operation; F: Angiography of the right external carotid artery at 3 mo after operation showed the arteriovenous fistula disappeared.
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