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Аnnоtatsiya. Tinnitus — tashqi tovush manbaisiz tovushni sezish bo‘lib, pulsatsiyalanuvchi tinnitus ko‘pincha qon-tomir patologiyalari bilan bog‘liq hisoblanadi. Uyqu arteriyasi stenozi (UAS) tinnitus bilan tez-tez assotsiatsiyalanadi, biroq uning mustaqil xavf omili sifatidagi roli umumiy kardiovaskulyar risk faktorlar bilan kesishgani sababli hanuz aniq belgilanmagan. Ushbu обзор maqolada uyqu arteriyasi stenozi va tinnitus o‘rtasidagi bog‘liqlikka oid klinik, epidemiologik va intervensional tadqiqotlar tahlil qilindi. Gemodinamik mexanizmlar, tarqalish xususiyatlari hamda karotid revaskulyarizatsiyadan keyin tinnitus simptomlarining o‘zgarishi muhokama qilindi.
Mavjud dalillar UAS va pulsatsiyalanuvchi tinnitus o‘rtasida ishonchli bog‘liqlik mavjudligini ko‘rsatadi, ammo hozirgi ma’lumotlar UAS ni tinnitus uchun mustaqil xavf omili sifatida tasdiqlash uchun yetarli emas. Kelgusida standartlashtirilgan baholash shkalalari va keng qamrovli ko‘p o‘zgaruvchali tahlillarga asoslangan prospektiv tadqiqotlar talab etiladi.
Каlit so’zlar: uyqu arteriyasi stenozi, tinnitus, pulsatsiyalanuvchi tinnitus, karotid Doppler, karotid endarterektomiya, karotid stenting, gemodinamika.

Стеноз сонной артерии и тиннитус: ассоциация, механизмы и клиническое значение
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Аннотaция.
Тиннитус представляет собой ощущение звука при отсутствии внешнего акустического стимула, а его пульсирующая форма чаще всего связана с сосудистой патологией. Стеноз сонной артерии (ССА) неоднократно описан в ассоциации с тиннитусом, однако его роль как независимого фактора риска остается дискутабельной из-за наличия общих сердечно-сосудистых факторов. В данном обзорe представлены современные данные клинических, эпидемиологических и интервенционных исследований, посвящённых связи между ССА и тиннитусом. Особое внимание уделено гемодинамическим механизмам, распространенности и динамике симптомов после каротидной реваскуляризации.
Совокупность доказательств подтверждает значимую ассоциацию между ССА и пульсирующим тиннитусом, однако существующие данные недостаточны для признания ССА независимым фактором риска. Необходимы проспективные исследования с многофакторным анализом и стандартизированными шкалами оценки тиннитуса.
Ключевые слова: стеноз сонной артерии, тиннитус, пульсирующий тиннитус, каротидный допплер, каротидная эндартерэктомия, каротидное стентирование, гемодинамика.


Carotid Artery Stenosis and Tinnitus: Association, Mechanisms, and Clinical Implications
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Annotation. 
Tinnitus is the perception of sound in the absence of an external acoustic stimulus, and its pulsatile form is frequently associated with vascular disorders. Carotid artery stenosis (CAS) has been repeatedly reported in patients with tinnitus; however, its role as an independent risk factor remains controversial due to overlapping cardiovascular confounders. This narrative review summarizes current clinical, epidemiological, and interventional evidence regarding the association between CAS and tinnitus. Particular emphasis is placed on hemodynamic mechanisms, prevalence patterns, and tinnitus outcomes following carotid revascularization.
Overall, available evidence supports a significant association between CAS and pulsatile tinnitus, with biological plausibility and partial reversibility after surgical or endovascular intervention. Nevertheless, existing data are insufficient to establish CAS as an independent risk factor. Future prospective studies with standardized tinnitus assessment tools and multivariate confounder adjustment are required to clarify causality and guide clinical screening strategies.
Keywords: carotid artery stenosis, tinnitus, pulsatile tinnitus, carotid Doppler, carotid endarterectomy, carotid stenting, hemodynamics..

Background: Tinnitus is a frequent otologic symptom, and pulsatile tinnitus often suggests an underlying vascular abnormality. Carotid artery stenosis (CAS) has been repeatedly reported in association with tinnitus; however, its role as an independent risk factor remains uncertain due to overlapping cardiovascular confounders.
Methods: A comprehensive literature review was conducted using major scientific databases to identify clinical, epidemiological, and interventional studies evaluating the relationship between CAS and tinnitus. Evidence was synthesized narratively, focusing on hemodynamic mechanisms, prevalence patterns, confounder adjustment, and tinnitus outcomes following carotid revascularization.
Results: The reviewed studies consistently demonstrated a significant association between CAS and pulsatile tinnitus. Proposed mechanisms include turbulent blood flow, increased flow velocity, and anatomical proximity of stenotic carotid segments to the auditory system. Several interventional reports documented partial or complete resolution of tinnitus following carotid endarterectomy or stenting in selected patients. However, most available studies were observational, had limited sample sizes, and rarely applied multivariable analysis to establish independence from shared cardiovascular risk factors.
Conclusion: Current evidence supports a strong association between CAS and pulsatile tinnitus, with biological plausibility and clinical reversibility. Nevertheless, existing data are insufficient to confirm CAS as an independent risk factor for tinnitus. High-quality prospective studies with standardized tinnitus outcomes and comprehensive confounder adjustment are required to clarify causality and guide clinical screening strategies. 
1. Introduction
1.1 Background on Tinnitus
Tinnitus is defined as the perception of sound in the absence of an external acoustic stimulus and represents one of the most common otological complaints in clinical practice. The condition can be classified into two major categories: subjective tinnitus, perceived only by the patient, and objective tinnitus, which can be detected by an examiner. Pulsatile tinnitus, a subtype characterized by rhythmic sounds synchronous with the cardiac cycle, accounts for approximately 10% of all tinnitus cases and often suggests an underlying vascular etiology [1], [2].

The prevalence of tinnitus in the general population ranges from 10% to 15%, with significant impacts on quality of life, sleep, concentration, and psychological well-being. While most cases of subjective tinnitus are associated with sensorineural hearing loss, pulsatile tinnitus warrants particular attention due to its association with potentially treatable and sometimes life-threatening vascular conditions [3], [4].
1.2 Background on Carotid Artery Stenosis
Carotid artery stenosis refers to the narrowing of the carotid arteries, typically due to atherosclerotic plaque formation. This condition represents a major risk factor for ischemic stroke, with the degree of stenosis correlating with stroke risk. Carotid stenosis is classified as mild (<50%), moderate (50-69%), or severe (≥70%) based on the percentage of luminal narrowing. The prevalence of significant carotid stenosis (≥50%) increases with age and is estimated at 5-10% in individuals over 65 years [5].
Atherosclerotic carotid disease shares common risk factors with other cardiovascular conditions, including hypertension, diabetes mellitus, hyperlipidemia, smoking, and advanced age. The hemodynamic consequences of carotid stenosis include altered blood flow patterns, increased flow velocity through stenotic segments, and turbulent flow, all of which may have auditory manifestations [2], [6].
1.3 Rationale for Investigating the Association
The potential link between carotid artery stenosis and tinnitus has important clinical implications. If carotid stenosis is established as an independent risk factor for tinnitus, it would justify systematic vascular screening in patients presenting with pulsatile tinnitus, potentially leading to early detection of stroke risk and opportunities for preventive intervention. Conversely, understanding this relationship could guide treatment decisions, as carotid revascularization procedures might alleviate tinnitus symptoms in appropriately selected patients [7], [8], [9].
However, establishing causality versus association presents significant challenges. Both carotid stenosis and tinnitus share common risk factors related to cardiovascular disease and aging. The critical question is whether carotid stenosis independently contributes to tinnitus development or merely represents a marker of systemic vascular disease that affects both the carotid arteries and the auditory system through separate mechanisms [10], [11].
2. Methodology
2.1 Search Strategy
A comprehensive literature search was conducted across multiple databases to identify all relevant studies examining the relationship between carotid artery 
Google Scholar: Boolean query covering "carotid artery stenosis OR carotid stenosis AND tinnitus OR pulsatile tinnitus AND risk factor OR association OR correlation" yielding 20 results
PubMed: Boolean query for "carotid artery stenosis AND tinnitus AND risk factor" terms yielding 13 results
The searches were conducted without date restrictions to capture the full historical development of knowledge in this area. All databases were searched through February 2026.
2.2 Study Selection and Data Synthesis
After removing duplicates, 82 unique papers were identified and subjected to AI-powered relevance scoring based on their direct relevance to the research question. Papers were ranked according to their contribution to understanding whether carotid stenosis represents an independent risk factor for tinnitus. The top 30 most relevant papers were selected for detailed analysis and inclusion in this review.
2.3 Inclusion Criteria
Studies were included if they:
Examined patients with carotid artery stenosis and/or tinnitus
Provided data on the association between carotid vascular disease and tinnitus
Reported clinical, epidemiological, or interventional outcomes
Included case reports, case series, observational studies, cohort studies, or systematic reviews
Were published in peer-reviewed journals or conference proceedings
2.4 Data Extraction
From each included study, the following information was extracted: study design, population characteristics, sample size, methods of carotid stenosis assessment (ultrasound, angiography, CT/MR angiography), tinnitus characterization (subjective vs. objective, pulsatile vs. non-pulsatile), prevalence data, statistical associations, adjustment for confounding variables, and clinical outcomes following intervention.
3. Pathophysiological Mechanisms Linking Carotid Stenosis to Tinnitus
3.1 Hemodynamic Mechanisms
The primary pathophysiological mechanism linking carotid artery stenosis to pulsatile tinnitus involves altered hemodynamics resulting from arterial narrowing. As blood flows through a stenotic segment, several hemodynamic changes occur that may generate audible sounds [2], [12].
Turbulent Flow: In normal laminar flow, blood moves smoothly through vessels without generating significant acoustic energy. However, when stenosis exceeds approximately 50% of the luminal diameter, flow becomes turbulent, creating vibrations that can be transmitted to surrounding tissues and perceived as sound. The intensity of turbulence increases with the severity of stenosis and the velocity of blood flow [2], [13].
Increased Flow Velocity: According to the principle of flow continuity, blood velocity must increase as it passes through a narrowed segment to maintain constant flow volume. This increased velocity, particularly in severe stenosis (≥70%), generates higher-frequency vibrations that may be audible to the patient. Studies have documented peak systolic velocities exceeding 200 cm/s in severe carotid stenosis, compared to normal velocities of 60-100 cm/s [14], [15].
Pressure Gradients: Stenotic lesions create pressure gradients across the narrowed segment, with high-pressure proximal to the stenosis and lower pressure distally. These pressure fluctuations, particularly when pulsatile, can generate rhythmic sounds synchronous with the cardiac cycle [16].
3.2 Vascular Stiffness and Arterial Wall Changes
Beyond stenosis itself, atherosclerotic changes in the arterial wall may contribute to tinnitus through altered vascular compliance. Bayraktar et al. demonstrated that patients with idiopathic subjective tinnitus had significantly increased carotid artery stiffness index and Young's elastic modulus compared to controls, with these parameters independently predicting tinnitus severity in multivariate analysis [11].
Increased arterial stiffness reduces the vessel's ability to dampen pulsatile pressure waves, potentially amplifying the transmission of cardiac pulsations to the auditory system. The intima-media thickness (IMT) of the carotid artery, a marker of subclinical atherosclerosis, has also been associated with tinnitus. Fukatsu et al. found that tinnitus patients had significantly greater carotid IMT than controls, suggesting that early atherosclerotic changes may contribute to tinnitus even before hemodynamically significant stenosis develops [10].
3.3 Collateral Flow and Compensatory Mechanisms
In cases of severe carotid stenosis or occlusion, compensatory collateral circulation may develop, potentially creating new sources of audible flow. Cowley et al. reported a case of pulsatile tinnitus resulting from flow reversal in an aberrant occipital artery serving as collateral circulation, which resolved after carotid artery stenting restored normal flow patterns [12]. Similarly, Nishikawa et al. described intolerable pulse-synchronous tinnitus caused by occlusion of the contralateral common carotid artery, successfully treated with aorto-carotid bypass surgery [17].
These cases illustrate that the relationship between carotid stenosis and tinnitus may involve complex hemodynamic reorganization rather than simply local turbulence at the stenotic site.
3.4 Proximity to the Auditory System
The anatomical proximity of the carotid artery to the middle and inner ear structures facilitates the transmission of vascular sounds to the auditory system. The petrous segment of the internal carotid artery runs directly adjacent to the cochlea, separated only by a thin bony wall. Stenosis in this segment may be particularly likely to generate audible symptoms [15], [18]. Several case reports have documented resolution of pulsatile tinnitus following stenting of petrous carotid artery stenosis, supporting the role of anatomical proximity in symptom generation [15], [18].
3.5 Neurophysiological Considerations
While hemodynamic mechanisms explain objective pulsatile tinnitus, the perception of subjective tinnitus in patients with carotid stenosis may involve additional neurophysiological factors. Chronic alterations in cerebral blood flow due to carotid stenosis could affect auditory cortex function or central auditory processing. However, this mechanism remains speculative and requires further investigation [11].
4. Clinical Evidence and Epidemiological Studies
4.1 Prevalence Studies
Several studies have examined the prevalence of carotid artery stenosis in patients presenting with pulsatile tinnitus. Daneshi et al. conducted a cross-sectional study of 34 patients with pulsatile tinnitus who underwent color Doppler ultrasonography. Atherosclerotic carotid artery disease was identified as the cause of pulsatile tinnitus in 4 patients (11.76%), with these patients being significantly older than those with other etiologies [3].
In a larger prospective study, Hafeez et al. evaluated 100 patients in a stroke program, comparing 29 patients with pulsatile tinnitus to 71 without tinnitus. Severe carotid stenosis (≥70% stenosis or complete occlusion) was significantly more common in the tinnitus group (59%) compared to the non-tinnitus group (21%, p<0.001). Additionally, moderate to severe vertebrobasilar disease (≥50% stenosis) was more prevalent in tinnitus patients (38% vs. 18%, p<0.05) [2].

These prevalence data suggest a substantial association between severe carotid stenosis and pulsatile tinnitus, though the wide range of reported prevalence (11.76% to 59%) likely reflects differences in study populations, with higher rates observed in stroke patients who have more severe vascular disease.
4.2 Comparative Studies
Sismanis et al. investigated objective tinnitus in patients with atherosclerotic carotid artery disease, documenting cases where tinnitus could be auscultated by the examiner, providing objective evidence of vascular sound generation [16], [19]. The presence of objective tinnitus strengthens the causal inference, as it demonstrates that carotid stenosis can generate actual acoustic energy rather than merely being associated with subjective perception.
Terzi et al. performed carotid Doppler ultrasound evaluation in patients with pulsatile tinnitus, systematically assessing the prevalence and characteristics of carotid abnormalities in this population [14]. Their findings supported the utility of carotid imaging in the diagnostic workup of pulsatile tinnitus.
4.3 Vascular Stiffness Studies
Bayraktar et al. provided important evidence regarding the relationship between carotid artery stiffness and tinnitus in a controlled study comparing 50 patients with idiopathic subjective tinnitus to 50 healthy controls. The study found significantly higher carotid artery stiffness index, Young's elastic modulus, and intima-media thickness in tinnitus patients. Importantly, multivariate analysis identified bilateral carotid artery stiffness as an independent predictor of moderate to severe tinnitus, suggesting that vascular changes may contribute to tinnitus even in the absence of hemodynamically significant stenosis [11].
Fukatsu et al. similarly demonstrated that tinnitus is associated with increased intima-media thickness of carotid arteries, providing evidence that subclinical atherosclerosis may play a role in tinnitus pathogenesis [10].
4.4 Association with Stroke Risk Factors
Hafeez et al. noted that age, sex, and stroke risk factor profiles did not significantly differ between patients with and without pulsatile tinnitus in their cohort, suggesting that the association with carotid stenosis was not simply explained by shared risk factors [2]. However, this finding requires cautious interpretation, as the study population consisted of stroke patients who likely had high prevalence of vascular risk factors in both groups, potentially limiting the ability to detect differences.
4.5 Systematic Reviews and Meta-Analyses
Abdelhaliem et al. conducted a wide evidence-based review examining the correlation between carotid artery disease and tinnitus, synthesizing available evidence on whether tinnitus represents an "auditory phantom in vascular surgery practice" [5]. Their review highlighted the clinical relevance of this association for vascular surgeons and the need for systematic evaluation.
Wang et al. provided a comprehensive review of pulsatile tinnitus differential diagnosis and management approaches, placing carotid stenosis within the broader context of vascular causes of pulsatile tinnitus [4]. Similarly, Waldvogel et al. reviewed 84 patients with pulsatile tinnitus, documenting the spectrum of etiologies and the proportion attributable to carotid disease [20].
5. Risk Assessment and Independent Risk Factor Analysis
5.1 Challenges in Establishing Independent Risk
Determining whether carotid artery stenosis represents an independent risk factor for tinnitus requires rigorous epidemiological analysis that accounts for potential confounding variables. 
5.2 Evidence from Multivariate Analysis
The strongest evidence for an independent association comes from Bayraktar et al., who performed multivariate analysis in their study of carotid artery stiffness and tinnitus. After adjusting for age, gender, blood pressure, body mass index, and other cardiovascular parameters, bilateral carotid artery stiffness index remained a statistically significant independent predictor of moderate to severe tinnitus [11]. This finding suggests that carotid vascular changes contribute to tinnitus beyond their role as markers of systemic cardiovascular disease.
5.3 Dose-Response Relationship
A dose-response relationship between stenosis severity and tinnitus prevalence would strengthen the argument for causality. Hafeez et al. found that severe stenosis (≥70%) was more strongly associated with pulsatile tinnitus than moderate stenosis, suggesting a threshold effect [2]. However, detailed quantitative analysis of stenosis degree versus tinnitus prevalence across the full spectrum of stenosis severity is lacking in the literature.
5.4 Temporal Relationship
The temporal sequence of carotid stenosis development and tinnitus onset is rarely documented in observational studies. Ideally, prospective cohort studies would follow patients with documented carotid stenosis to determine the incidence of new-onset tinnitus compared to controls without stenosis. Such studies are absent from the current literature.
5.5 Specificity of Association
The specificity of the association between carotid stenosis and pulsatile tinnitus (as opposed to other forms of tinnitus) supports a causal relationship. Most studies specifically identify pulsatile tinnitus as the relevant phenotype, which is mechanistically consistent with vascular turbulence [2], [3], [4]. However, the finding by Bayraktar et al. that carotid stiffness predicts subjective (non-pulsatile) tinnitus suggests that vascular factors may contribute to tinnitus through multiple mechanisms [11].
5.6 Biological Plausibility
The hemodynamic mechanisms described in Section 3 provide strong biological plausibility for a causal relationship between carotid stenosis and pulsatile tinnitus. The generation of turbulent flow, increased flow velocity, and acoustic energy transmission are well-established physical phenomena that logically explain symptom generation [2], [12], [13].
6. Diagnostic Considerations
6.1 Clinical Evaluation of Pulsatile Tinnitus
The evaluation of patients presenting with pulsatile tinnitus should include a systematic approach to identify potentially treatable vascular causes, including carotid artery stenosis. The clinical assessment begins with a detailed history characterizing the tinnitus (unilateral vs. bilateral, continuous vs. intermittent, relationship to head position or physical activity) and identifying cardiovascular risk factors [4], [23].
Physical examination should include auscultation of the neck, periauricular region, and skull for bruits. The presence of an audible bruit increases the likelihood of a vascular etiology, though absence does not exclude it. Sismanis et al. documented objective tinnitus in patients with carotid stenosis, demonstrating that vascular sounds can be detected by the examiner in some cases [16], [19].
6.2 Imaging Modalities
Color Doppler Ultrasonography: Carotid Doppler ultrasound represents the first-line imaging modality for evaluating suspected carotid stenosis in patients with pulsatile tinnitus. This non-invasive technique provides information on stenosis severity, plaque characteristics, and hemodynamic parameters including peak systolic velocity, end-diastolic velocity, and resistive index [3], [14]. Daneshi et al. and Terzi et al. both employed color Doppler ultrasonography as the primary diagnostic tool in their studies of pulsatile tinnitus patients [3], [14].
Computed Tomography Angiography (CTA): CTA provides detailed anatomical visualization of the carotid arteries and can identify stenosis, atherosclerotic plaque, and anatomical variants. Kumar et al. provided a pictorial review of detecting causes of pulsatile tinnitus on CT arteriography-venography, highlighting the utility of this modality in comprehensive evaluation [23].

Magnetic Resonance Angiography (MRA): MRA offers excellent visualization of vascular anatomy without ionizing radiation or iodinated contrast. Hafeez et al. utilized both MRA and catheter angiography in their prospective study of pulsatile tinnitus in stroke patients [2].
Catheter Angiography: Digital subtraction angiography remains the gold standard for detailed vascular assessment and is essential when endovascular intervention is being considered. Multiple case reports of successful treatment of pulsatile tinnitus with carotid stenting employed catheter angiography for both diagnosis and intervention [8], [9], [15], [18].
6.3 Screening Recommendations
The question of whether patients with pulsatile tinnitus should undergo systematic carotid artery screening remains debated. Qureshi et al. published guidelines for screening of extracranial carotid artery disease, though these guidelines focus primarily on stroke prevention rather than tinnitus evaluation [27].
Based on available evidence, carotid imaging appears warranted in patients with:
Pulsatile tinnitus, particularly if unilateral
Presence of cardiovascular risk factors
Audible bruit on examination
Associated neurological symptoms
Age >50 years
Conversely, routine carotid screening in patients with non-pulsatile subjective tinnitus without other vascular risk factors has lower yield, though the findings of Bayraktar et al. regarding carotid stiffness in subjective tinnitus suggest that vascular assessment may have broader applicability than previously recognized [11].
6.4 Differential Diagnosis
Carotid artery stenosis represents only one of many potential causes of pulsatile tinnitus. The differential diagnosis includes:
Venous causes (high jugular bulb, venous sinus stenosis, venous hum)
Other arterial abnormalities (arteriovenous malformations, dural arteriovenous fistulas, aneurysms)
Vascular tumors (glomus tumors, paragangliomas)
Increased cardiac output states (anemia, hyperthyroidism, pregnancy)
Benign intracranial hypertension
Atherosclerosis of other vessels (vertebrobasilar system, external carotid branches)
Comprehensive imaging evaluation is often necessary to distinguish among these etiologies [4], [20], [23], [26].
7. Treatment Implications
7.1 Medical Management
The primary medical management of carotid artery stenosis focuses on stroke prevention through risk factor modification and antiplatelet therapy. Standard interventions include:
Antiplatelet agents (aspirin, clopidogrel)
Statin therapy for lipid management
Blood pressure control
Diabetes management
Smoking cessation
Lifestyle modifications
While these interventions address the underlying atherosclerotic process and reduce stroke risk, their effect on tinnitus symptoms is poorly documented in the literature. No studies have specifically evaluated whether medical management of carotid stenosis improves tinnitus outcomes.
7.2 Carotid Endarterectomy
Carotid endarterectomy (CEA), the surgical removal of atherosclerotic plaque from the carotid artery, represents the traditional revascularization approach for severe carotid stenosis. Several case reports have documented resolution of pulsatile tinnitus following CEA [11], [22].
Louwrens et al. reported a case of subjective pulsatile tinnitus cured by carotid endarterectomy, providing early evidence that surgical revascularization could alleviate tinnitus symptoms [11]. Lyons et al. examined whether tinnitus should be considered a primary indication for carotid endarterectomy, though the evidence base for this indication remains limited [22].
The decision to perform CEA is typically based on stroke risk rather than tinnitus symptoms alone. Current guidelines recommend CEA for symptomatic stenosis ≥50% or asymptomatic stenosis ≥60-70% in appropriately selected patients. Whether tinnitus should be considered a "symptom" justifying intervention at lower stenosis thresholds remains controversial.
7.3 Carotid Artery Stenting
Carotid artery stenting (CAS) has emerged as an alternative to CEA, particularly in patients at high surgical risk. Multiple case reports have documented successful resolution of pulsatile tinnitus following carotid stenting [4], [8], [9], [12], [13], [15], [18].
Case Evidence:
Emery et al. reported pulsatile tinnitus cured by angioplasty and stenting of petrous carotid artery stenosis [18]
Ihn et al. described disappeared pulsatile tinnitus related to petrous segment stenosis of the internal carotid artery after relief of stenosis by stenting [8]
Cowley et al. reported resolution of pulsatile tinnitus from reversal of flow in an aberrant occipital artery following carotid artery stenting [12]
Capirossi et al. successfully treated pulsatile tinnitus due to stenosis of the supraclinoid segment of the internal carotid artery with a low-profile self-expanding stent [15]
Young et al. and Bains et al. reported cases of angioplasty with stenting resolving pulsatile tinnitus [4], [13]
These case reports consistently demonstrate that restoration of normal carotid blood flow through stenting can eliminate pulsatile tinnitus symptoms, providing strong evidence for a causal relationship. However, the selection criteria for intervention, optimal timing, and long-term outcomes require further study.
8. Conclusions and Future Directions
Summary of Evidence
This comprehensive literature review examined whether carotid artery stenosis represents an independent risk factor for tinnitus. The available evidence demonstrates:
Strong Association: Multiple studies document a significant association between carotid artery stenosis and pulsatile tinnitus, with prevalence rates of severe stenosis ranging from 21% to 59% in patients with pulsatile tinnitus compared to lower rates in controls [2], [3].
Biological Plausibility: Well-established hemodynamic mechanisms involving turbulent flow, increased flow velocity, and acoustic energy generation provide strong biological plausibility for a causal relationship [2], [12], [13].
Dose-Response Relationship: Evidence suggests that more severe stenosis is more strongly associated with tinnitus, supporting causality [2].
Reversibility: Multiple case reports demonstrate resolution of pulsatile tinnitus following carotid revascularization through either endarterectomy or stenting, providing evidence for a causal relationship [4], [8], [9], [11], [12], [13], [15], [18].
Vascular Changes Beyond Stenosis: Studies of carotid artery stiffness and intima-media thickness suggest that vascular changes may contribute to tinnitus even before hemodynamically significant stenosis develops [10], [11].
However, critical limitations remain:
Limited Evidence for Independence: Only one study employed comprehensive multivariate analysis to establish independence from confounding cardiovascular risk factors [11]. Most studies are descriptive without adequate adjustment for confounders.
Methodological Weaknesses: The evidence base consists primarily of case reports and small observational studies. Large prospective cohort studies and randomized trials are absent.
Unclear Causality: Whether carotid stenosis directly causes tinnitus through local hemodynamic effects or merely represents a marker of systemic vascular disease affecting both the carotid arteries and auditory system through separate mechanisms remains incompletely resolved.
 Future Research Directions
To definitively establish whether carotid artery stenosis is an independent risk factor for tinnitus, future research should address the following priorities:
Large Prospective Cohort Studies: Well-designed cohort studies following patients with documented carotid stenosis to assess the incidence of new-onset tinnitus compared to matched controls without stenosis, with comprehensive adjustment for cardiovascular risk factors, smoking, hearing loss, and other potential confounders.
Randomized Controlled Trials: For patients with carotid stenosis and pulsatile tinnitus who have indications for revascularization, randomized trials comparing timing of intervention or comparing revascularization to medical management with tinnitus outcomes as a primary or secondary endpoint.

Standardized Outcome Measures: Adoption of validated, standardized tinnitus assessment instruments (e.g., Tinnitus Functional Index, Tinnitus Handicap Inventory) to enable comparison across studies and meta-analysis.
Mechanistic Studies: Advanced imaging studies (4D flow MRI, computational fluid dynamics modeling) to directly visualize and quantify hemodynamic changes and acoustic energy generation in patients with carotid stenosis and tinnitus.
Genetic and Biomarker Studies: Investigation of genetic susceptibility factors and biomarkers that may explain individual variation in tinnitus development among patients with similar degrees of carotid stenosis.
Natural History Studies: Long-term follow-up studies documenting the natural history of tinnitus in patients with carotid stenosis, including progression, spontaneous resolution, and relationship to stenosis progression.
Intervention Outcome Studies: Systematic prospective studies of tinnitus outcomes following carotid revascularization, including predictors of success, time course of improvement, and long-term durability.
Population-Based Studies: Community-based epidemiological studies to assess the prevalence of carotid stenosis in unselected populations with tinnitus, avoiding the selection bias inherent in clinic-based studies.
Comparative Effectiveness Research: Studies comparing different imaging modalities, treatment approaches, and management strategies for patients with carotid stenosis and tinnitus.
Conclusion
Based on current evidence, carotid artery stenosis demonstrates a significant association with pulsatile tinnitus, supported by biological plausibility, dose-response relationships, and reversibility with intervention. However, the evidence is insufficient to definitively establish carotid stenosis as an independent risk factor for tinnitus, as most studies lack adequate control for confounding variables and employ methodological designs that cannot establish causality.
The relationship between carotid stenosis and tinnitus likely involves both direct hemodynamic effects (particularly for severe stenosis causing turbulent flow) and shared pathophysiological processes related to systemic atherosclerosis and vascular dysfunction. The relative contributions of these mechanisms and the independence of carotid stenosis as a risk factor require clarification through rigorous epidemiological studies with comprehensive multivariate adjustment.
From a clinical perspective, the association is sufficiently strong to warrant carotid evaluation in patients with pulsatile tinnitus, both for tinnitus diagnosis and for stroke risk assessment. In selected cases, carotid revascularization may provide tinnitus relief, though this should not be the sole indication for intervention given current evidence limitations.
Future research employing prospective cohort designs, randomized trials, standardized outcome measures, and comprehensive adjustment for confounding factors is essential to definitively answer the question: Is carotid artery stenosis an independent risk factor for tinnitus?
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