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Abstract
BACKGROUND 
Pulsatile tinnitus (PT) is a potentially disabling symptom that has received 
increasing attention. Multiple causes of PT have been confirmed by targeted 
treatment. However, dynamic changes of related structures in PT patients with 
multiple causes after stenting for ipsilateral transverse sinus stenosis (TSS) have 
not been previously reported. We report such a case and present postoperative 
computed tomography venography (CTV) follow-up findings to demonstrate the 
decreased sigmoid sinus diverticulum and bone remodeling.

CASE SUMMARY 
A 45-year-old man suffered from left-sided PT for 15 years that was occasionally 
accompanied by headache and dizziness. Pre-operative CTV revealed left-sided 
sigmoid sinus wall anomalies (SSWAs), TSS, outflow dominance, large posterior 
condylar emissary vein, and an empty sella turcica. A cerebrospinal fluid pressure 
of 270 mmH2O was further detected. The sound disappeared immediately after 
stenting for ipsilateral TSS, with no recurrence during 2 years of follow-up. After 
the procedure, the patient underwent four consecutive CTV examinations. The 
diverticulum decreased 6 mo after the procedure with new bone remodeling. The 
density of the remodeled bone was further increased 1 year later, and a hardened 
edge was formed 2 years later.

CONCLUSION 
PT associated with SSWAs, TSS, and idiopathic intracranial hypertension can be 
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cured by stenting for TSS alone. And bone remodeling around SSWAs is a more 
significant finding.

Key Words: Pulsatile tinnitus; Transverse sinus stenosis; Stents; Bone remodeling; Follow-
up; Case report

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Pulsatile tinnitus is a potential disease that has attracted considerable attention 
recently. Multiple causes of pulsatile tinnitus have been identified by targeted 
treatment. However, the dynamic CT changes of related structures after stenting for 
transverse sinus stenosis have never been reported. In this case, four postoperative 
computed tomography venography examinations were performed to demonstrate the 
dynamic changes in the sigmoid sinus wall anomalies and transverse sinus stenosis. 
Stenting relieved transverse sinus stenosis, reduced intracranial pressure, and 
eliminated tinnitus. A decreased sigmoid sinus diverticulum and bone remodeling 
represent more significant findings.

Citation: Qiu XY, Zhao PF, Ding HY, Li XS, Lv H, Yang ZH, Gong SS, Jin L, Wang ZC. Bone 
remodeling in sigmoid sinus diverticulum after stenting for transverse sinus stenosis in pulsatile 
tinnitus: A case report. World J Clin Cases 2021; 9(10): 2320-2325
URL: https://www.wjgnet.com/2307-8960/full/v9/i10/2320.htm
DOI: https://dx.doi.org/10.12998/wjcc.v9.i10.2320

INTRODUCTION
Pulsatile tinnitus (PT) is the self-perception of a pulse-synchronous, vascular sound in 
the ear and is a potentially disabling symptom. The long-term existence of this 
symptom seriously affects the patient's mood and leads to both functional and 
structural brain changes[1]. Multiple causes have been confirmed, including sigmoid 
sinus wall anomalies (SSWAs; including dehiscence and diverticulum)[2], transverse 
sinus stenosis (TSS)[3], and idiopathic intracranial hypertension (IIH)[4], which are some 
of the most common venous causes. SSWA is the most common finding after a 
comprehensive radiologic examination[5], and is widely treated by trans-temporal sinus 
wall reconstruction[2]. Patients with SSWAs typically report accompanying TSS[2,6,7]. 
Stenting for TSS is occasionally used for venous PT or IIH patients[8]. However, 
previous studies of PT with TSS or IIH have rarely mentioned the co-occurrence of an 
SSWA. Furthermore, to our knowledge, computed tomography venography (CTV) 
follow-up findings after stenting for TSS in PT patients remain lacking.

Herein, we report a PT patient with SSWAs, bilateral TSS, and IIH who underwent 
stenting for ipsilateral TSS. The sound disappeared immediately after the procedure, 
with no recurrence during 2 years of follow-up. Four postoperative CTV examinations 
were performed to demonstrate dynamic changes in the SSWAs and TSS.

CASE PRESENTATION
Chief complaints
A 45-year-old man suffered from left-sided PT that was occasionally accompanied by 
headache and dizziness. The sound was pulse-synchronous with the heartbeat, which 
was more obvious at rest and could be diminished with compression of the ipsilateral 
jugular vein area.

History of present illness
The symptoms lasted 15 years and worsened in the last 2 years. There was no previous 
history of ear lesion or hearing loss.

http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
https://www.wjgnet.com/2307-8960/full/v9/i10/2320.htm
https://dx.doi.org/10.12998/wjcc.v9.i10.2320
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History of past illness
The patient underwent surgeries for nasal septal reconstruction and intraocular lens 
implantation 9 years prior.

Personal and family history
The family history was unremarkable.

Physical examination
Otoscopic examination revealed no abnormalities in either ear. Pure tone audiometry 
showed slightly conductive hearing loss in the left ear (29 dB for air conduction and 19 
dB for bone conduction). The acoustic impedance was type A. No hearing 
abnormalities were present in the right ear.

Laboratory examinations
All indicators of laboratory examination were within the normal range.

Imaging examinations
Pre-operative CTV revealed focal bulging of the left sigmoid sinus; a focal defect of the 
bony wall around the adjacent sigmoid sinus (Figure 1A); severe ipsilateral TSS 
(Figure 2A); contralateral transverse sinus dysplasia and ipsilateral outflow dominance 
(Figure 3); a left-sided, large, posterior condylar emissary vein (PCEV); and an empty 
sella turcica. Digital subtraction angiography was performed to exclude arteriovenous 
malformations or tumors with abundant vascularity.

Further diagnostic work-up
Lumbar puncture indicated a cerebrospinal fluid pressure of 270 mmH2O, and IIH was 
further diagnosed according to the existing criteria.

MULTIDISCIPLINARY EXPERT CONSULTATION
Zhen-Chang Wang, MD, PhD, Professor, Chief Doctor, Department of Radiology, 
Beijing Friendship Hospital, Capital Medical University; Peng-Fei Zhao, MD, PhD, 
Associate Professor, Associate Chief Physician, Department of Radiology, Beijing 
Friendship Hospital, Capital Medical University
CTV revealed left sigmoid sinus dehiscence and diverticulum, severe ipsilateral TSS, 
contralateral transverse sinus dysplasia, ipsilateral outflow dominance, a left-sided, 
large PCEV, and an empty sella turcica.

Shu-Sheng Gong, MD, PhD, Professor, Chief Doctor, Department of Otolaryngology 
Head and Neck Surgery, Beijing Friendship Hospital, Capital Medical University
Responsible lesions should be identified. Then, the patient should undergo treatment 
by stenting for left TSS and long-term anticoagulant therapy.

Long Jin, MD, PhD, Professor, Chief Doctor, Department of Interventional Radiology, 
Beijing Friendship Hospital, Capital Medical University
Other vascular diseases should be excluded based on digital subtraction angiography. 
Then, the decision regarding stenting should be made.

FINAL DIAGNOSIS
PT with multiple causes, including left SSWAs, TSS, outflow dominance, large PCEV, 
contralateral transverse sinus dysplasia, and empty sella turcica.

TREATMENT
Stenting for TSS was successfully performed to re-expand the left TSS by an 
interventional doctor with 25 years of experience. And long-term anticoagulant 
therapy was required.
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Figure 1 Dynamic changes of the sigmoid sinus wall on computed tomography venography. A: Preoperative image; B: Image on the second day 
after surgery; C: Compared to A and B, a decrease in the sigmoid sinus diverticulum (orange arrow) with new bone remodeling (orange arrowhead) was observed on 
the image obtained 6 mo after surgery; D: The density of the remodeled bone was increased on the image obtained one year after surgery; E: The formation of a 
hardened remodeled edge was observed on the image obtained 2 years after surgery. Sigmoid sinus wall dehiscence (white arrow) revealed no changes on the 
computed tomography images obtained at various time points.

Figure 2 Dynamic changes of the transverse sinus and stent on computed tomography venography. A: Severe transverse sinus stenosis was 
observed on the left side on pre-operative computed tomography, which may be formed by arachnoid granulations; B-C: The transverse sinus stenosis was well 
expanded by the stent; D: A slight filling defect in the stent was observed on the image obtained 1 year after surgery; E: The filling defect was enlarged after another 
year.

OUTCOME AND FOLLOW-UP
The sound disappeared immediately after the procedure. The patient was discharged 7 
d later, with no adverse reactions.

Postoperative CTV examinations were performed 2 d, 6 mo, 1 year, and 2 years 
later. CTV performed on the second day after stenting for TSS revealed that the TSS 
was well dilated (Figure 2B). The results showed that the diverticulum was decreased 
4 mo after the procedure with new bone remodeling (Figure 1C). The density of the 
remodeled bone was further increased 1 year later (Figure 1D), and a hardened edge 
was formed 2 years later (Figure 1E). In addition, the TSS was well expanded by the 
stent, and there were no changes in the extent of sigmoid sinus dehiscence (Figure 1A-
E). Due to the discontinuation of anticoagulants, suspicious thrombosis formed in the 
stent after 1 year and enlarged after 2 years.

DISCUSSION
This case showed that PT with SSWAs can be completely eliminated using stenting for 
the stenosis, suggesting that abnormal hemodynamics may be a further underlying 
cause for PT compared with SSWAs. We report for the first time that bone remodeling 
occurred in the diverticulum after stenting. This finding suggests that SSWAs may be 
the result of abnormal hemodynamics associated with TSS based on further evidence.

TSS is closely related to increased pressure gradients and jet-like blood flow 
formation[2,6,9]. The long-term impact of jet-like fast flow toward the sigmoid sinus may 
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Figure 3 Three-dimensional reconstruction of the pre-operative computed tomography images. Left-sided outflow dominance, left sigmoid sinus 
diverticulum (orange arrowhead), and bilateral localized TSS (orange arrow) were observed.

result in the formation of SSWAs and transmission of the sound[10]. Thus, the role of 
stenting for TSS is to reduce the trans-stenotic pressure gradient and blood flow 
velocity to eliminate jet-like fast flow and relevant sound[3].

IIH has been recognized as one of the most common causes of PT; however, the 
mechanism by which IIH generates PT remains unclear. We hypothesize that TSS and 
the relevant hemodynamic changes might be closely associated with the occurrence of 
PT in IIH patients[11].

Bone remodeling around the sigmoid sinus after TSS stenting in PT or IIH patients 
has not been reported. The bony wall at the portion of the diverticulum gradually 
ossified after stenting, forming a hardened edge after 2 years, suggesting that the 
diverticulum was reversible. This phenomenon may be partly associated with 
hemodynamic changes in the diverticulum after stenting, supporting the above 
hypothesis that diverticula may develop from the forceful impact of the blood flow on 
the anterolateral sinus wall.

Trans-temporal sinus wall reconstruction seeks to rebuild the bony barrier to hinder 
the sound-originating vibration of the sigmoid sinus wall, whereas stenting for TSS is 
performed to relieve the relevant pressure gradient and “jet-flow”. Both procedures 
may eliminate PT, and stenting seems to be the better choice as the abnormal 
hemodynamics associated with TSS still exist after surgical reconstruction. However, 
this patient was found to have suspected thrombosis in the stent after withdrawal of 
anticoagulants. Therefore, if stenting is indicated for relief of both PT and elevated 
intracranial pressure, stenting is probably the better option, and possible 
complications need to be considered when discussing treatment options[12].

CONCLUSION
This case implies that PT associated with SSWAs, TSS, and IIH can be cured by 
stenting for TSS alone. After stenting, bone remodeling may occur in the diverticulum. 
The results may help to improve the understanding of physiological changes in PT and 
may influence the choice of treatment in the future.
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