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• Migraine: believed to be a genetic and 
trigger related neurovascular disorder 
  → Cortical spreading depression of Leão

→ A trigeminovascular system disorder

  → Associated with lower levels of Serotonin

→ More released Calcitonin gene-related peptide (CGRP) 

•     Cause aura

•     Activate CN V afferents

• Vasoconstriction of brain and alter BBB  
permeability

Gilmore, B; Michael, M. American Family Physician. 2011; 83 (3): 271–80

Migraine: More Than a Headache 



• Presented episodes of “central neuronal 
hyperexcitability ” or “sensory hyperreflexia”

• “Visual aura” waving, shadow, lightning;  

    “Alice in Wonderland syndrome”…

• Photophobia

• Phonophobia; hyperacusis

• Osmophobia

• Vertigo/dizziness/desequilibrium

• Acute onset of generalized fatigue

• “Brain fog”: Rapid onset of cognitive deficit

• Allodynia

• Irritable bowel; “Abdominal migraine”

Aura / Prodrome of Migraine / VM



＊ Barany Society & IHS Criteria, 2012:

A. 至少發生過五次以上，中等至嚴重程度的

暈眩，每次都持續5分鐘至72小時之間。

B. 被醫師診斷過或疑似有符合定義的偏頭痛

病史。

C. 暈眩發作時至少有一半的時候會合併下列

症狀至少一種：

1. 有至少符合下列兩種特色的頭痛 –

 ■偏單側 ■中等至嚴重的痛

 ■有搏動感 ■日常活動反而加劇

2. 畏光，或覺得對聲音敏感

3. 眼睛看到一些閃光或波紋

D.   排除其他已知造成眩暈或頭痛之原因

Diagnostic Criteria of Vestibular migraine (VM)



• Peak: 30 – 50 y/o; the most cause of “young vertigo”

• M : F =  1 : 5

• 1/3-2/3 patients had a family history of 
migraine/VM. 

• > 40% migraine patients have vestibular symptoms.

• 50% patients got vertigo/dizziness episodes without 
headache.

• While getting older, headache↓, but vertigo↑

• 20% true vertigo, 80% dizziness or imbalance

• Duration of vestibular symptoms: minutes to hours

• The most diagnosis of vertigo by otoneurology 
specialists in US

Teixido M, Carey J. Migraine  -  More than a headache. Otolaryngol Head Neck Surg 2014;14:1-14.

Characteristics of Vestibular migraine (VM)



Sinogenic Tension Migraine Cluster

Only with sinogenic 
lesion

最多, F>M, Prev. 80% 
in age 20-40

M:F = 1:3~5
Prev. < 1%, mostly in 
smoking young males

Localization to sinuses
Bi-frontal最多, 
gradually onset

Usually sudden, 
unilateral, pulsatile

Short lasting, sharp 
retroorbital pain

Sinus infection, tumor 
or MTS

Multifactoral, 
less painful

Associated with 
prodromes or 
aura(15~30%)

Anxious, dramatic 
extremity

Purulent rhinorrhea
Nasal congestion

No N/V
Neck/shoulder pain

N/V
Photo/phonophobia

No N/V

Nasal Mx or Surgery Analgesic, Physical Tx Analgesic, Triptans 100% O2, Triptans



Patients

Diagnosed 

with VM

OPD Patient

2020/05-2023/03

History, PE 

Audiometry 

DHI / MSQ

Retrospective

Analysis

Statistical 

Data

Analysis

SPSS 

Ver. 22

VM in Taiwan:
Similar Presentations as Westerners?



眩暈障礙量表 Dizziness Handicap Inventory



偏頭痛生活品質評量MSQ ver 2.1



Demographics & Typical Presentations of VM

Symptoms in the Criteria N % %* %, Other References

Recurrent migraine headache 360 91.6 91.8 94 Neuhauser H, et al. 2009

Photophobia 230 58.5 57.7 70 Neuhauser H, et al. 2009

Phonophobia 237 60.3 37.1 64 Neuhauser H, et al. 2009

Visual aura 181 46.1 35.4 36 Neuhauser H, et al. 2009

Definite VM 292 74.3 64.9 68.5 Divya C, et al. 2020

Probable VM 101 25.7 35.1 31.5 Divya C, et al. 2020

• Cases fulfilled with the diagnostic criteria of VM (N=393)
  ➔ Gender: M : F = 21.6% : 78.4% (mostly 1:5)
➔ Age: Mean 47.28 ± 15.51 y/o (Range: 11.0 – 83.0, median 47.41)
➔ BMI: 23.35 ±  3.86 kg/m2 

• Typical symptoms within the diagnostic criteria:

* Liu, Rauch, unpublished (US data)



Associated Symptoms of VM

項目 N % %* %, Other References

Subjective hearing loss 144 36.6 37.9 25 Goshtasbi K, et al. 2021

Bothersome Tinnitus 214 54.5 49.2 34 Goshtasbi K, et al. 2021

Aural fullness 169 43.0 31.4 54 Moshtaghi O, et al. 2019

Otalgia 47 12.0 14.5 65 Teixido M, et al. 2011

Sensation of true vertigo 153 38.9 67.0 20 Teixido M, et al. 2014

Osmophobia 80 20.4 13.8 10.7 Bah SC, et al. 2019

Gastroesophageal reflux 97 24.7 16.2 22 Bozena J, et al. 2008

Irritable bowel syndrome 143 36.4 7.5 42 Wongtrakul W, et al. 2022

Emotional / mental symptoms 133 33.8 28.0 >50 Bah SC, et al. 2019

Sleep disorder / chronic fatigue 115 29.3 10.5 25.9 Tiseo C, et al. 2020

Cervicalgia 228 58.0 18.3 76.2 Ashina S, et al. 2015

Allodynia 153 38.9 10.5 61.1 Baykan B, et al. 2016

Brain fog 175 44.5 19.2 20.8 Divya C, et al. 2020

* Liu, Rauch, unpublished (US data)



Co-morbid “Dizzy Diseases” with VM
“Mixed Diagnosis” N % %, Other Study Reference
Definite VM-MD 
(Meniere’s disease, 2015 AAOHNSF)

20 5.1 13 
(dVMMD)

Neff BA, et al. 2012

Probable VM-MD
(Meniere’s disease, 2015 AAOHNSF)

144 36.6 38 
(pVMMD)

Neff BA, et al. 2012

PC-VM 
(Postconcussion syndrome)

27 6.9 38 
(Migraine-mTBI)

Ishii R, et al. 2021

BPPV-VM
(Benign paroxysmal postural vertigo)

59 15.0 41.7 
(recurrent BPPV-VM)

Sfakianaki I, et al. 2021

VM-MS
(Motion sickness)

28 7.1
61.1

 (VM-MS)
Beh SC, et al. 2019

VM-CGD 
(Cervicogenic dizziness)

228 58.0 76.2
(M-cervicalgia)

Ashina S, et al. 2015

VM-PPPD 
(Persistent postural perceptual dizziness)

- - 17 
(PPPD-VM)

Sarna B, et al. 2021

VM-MDDS 
(Mal de Debarquement syndrome)

3 0.8 62.9 
(MDDS-VM)

Beh SC, et al. 2021

VM-ISSNHL
(Idiopathic sudden sensorineural HL)

- - 0.9
(Migraine – ISSNHL)

Mohammadi M, et al. 
2020



Definite VM v.s. Probable VM
Definite VM Probable VM

Subjective symptoms N % N % P value

Experience of true vertigo 98 40.5 21 36.2 0.549

Recurrent migraine headache 242 100.0 34 58.6 <0.001

Photophobia 173 71.5 16 27.6 <0.001*

Phonophobia 179 74.0 18 31.0 <0.001*

Osmophobia 63 26.0 7 12.1 0.024

Visual aura 140 57.9 17 29.3 <0.001*

Intolerance to visual change 37 15.3 6 10.3 0.334

Allodynia 119 49.2 19 32.8 0.024

Brain fog 137 56.6 19 32.8 0.001

Chronic fatigue/poor sleep 93 38.4 10 17.2 0.002

Chronic or fluctuated hearing loss 96 39.7 17 29.3 0.144

Chronic or fluctuated tinnitus 146 60.3 26 44.8 0.032

Chronic or fluctuated aural fullness 116 47.9 25 43.1 0.508

Chronic or fluctuated otalgia 32 13.2 7 12.1 0.814



⚫ Treatment:

• Education: “suit up”!

• Trigger management: drain the pool (triggers)

• Medication: Elevate the height (threshold)

Vestibular migraine (VM)



⚫ Trigger management: 50% patient effective in 6-8 weeks

 Environmental

Sudden light, odor, sound, weather change…

 (A tons of) Food

Prepared, fermented, chemical added, gluten…

 Physical

Stress, hormone (menstrual period), H&N pain or 

inflammation, poor sleep, starvation…

Vestibular migraine (VM)

Teixido M, Carey J. Migraine  -  More than a headache. Otolaryngol Head Neck Surg 2014;14:1-14.





Teixido M, Carey J. Migraine  -  More than a headache. Otolaryngol Head Neck Surg 2014;14:1-14.

1st line
8 
weeks

Best life habit adjustment, patient educations Supplements: Riboflavin, 
Magnesium, Coenzyme Q10,
H&N physical therapiesPRN medications: antiemetics, antivertigo, pain killers

2nd line CCBs, β-blockers: Flunarizine, Verapamil, Propranolol Muscle relaxants

3rd line
2-6 
months

Anticonvulsants
Topiramate (25mg per night as initial, Max 100mg)
Sodium Valproate (250mg BID, Max 500mg) Psychiatrist Consultation

Rehabilitation Consultation
(Vestibular rehabilitation)
Neurologist Consultation

Botox A local injection

TCAs
Amitriptyline (25 mg per night as initial, Max 100mg)
Nortriptyline (25 mg per night as initial, Max 100mg)

SSRIs, SNRIs
Triptans
Venlafaxine (Effexor®, 37.5mg per day, Max BID)

4th line

Acute 
on 
Chronic 
/Severe

CGRP antagonists
Gepants (Rescue): Atogepants, Ubrogepants, Rimegepant
Monoclonal Ab(Prevention): Erenumab, Galcanezumab, 
Eptinezumab, Fremanezumab

Vagus nerve stimulators 
(VNSs)
Trigeminal nerve stimulators 
(TNVs)
Remote electrical 
neuromodulators (RNS)

Medical Treatment of VM (By order of escalation)



The Impact of 

Migraine & Vestibular Migraine 
on Audiometric Profiles 

& Quality of Life 

in Patients with Tinnitus



Primary Tinnitus

• “Idiopathic” tinnitus, may or may not be 
associated with SNHL

• 90% tinnitus patients have varying degrees 
of hearing loss.

• Persistent tinnitus: > 6 months

• Bothersome tinnitus: Distressed, affected 

   QoL and/or functional health status

Tunkel DE et al. Clinical practice guideline: tinnitus. Otolaryngol Head Neck Surg. 
2014 Oct;151(2 Suppl):S1-S40.



• Developed by Newman et al. in 1996.

• 25 items -- Always (4 pts), Sometimes (2 pts) 

                     & Never (0 pts)

• Total scores and severities:

• Bi-directional translated in Traditional 
Chinese in 2020

Newman CW, Jacobson GP, Spitzer JB. Development of the Tinnitus Handicap 
Inventory. Arch Otolaryngol Head Neck Surg. 1996 Feb;122(2):143-8.

Grade I 0-16 Slight

Grade II 18-36 Mild

Grade III 38-56 Moderate

Grade IV 58-76 Severe

Grade V 78-100 Catastrophic

Tinnitus Handicap Inventory (THI)



Auditory Process & Generation of Tinnitus

Transmitter Receiver

Speaker



Molecular & Patho-physiology of Tinnitus

• “Generators of Tinnitus”

Singh A, Smith PF, Zheng Y. Int J Mol Sci. 2023 Jun 8;24(12):9889.

Genetic factors
GABA receptors

Endo-cannabinoids(CB)
receptors
Dopaminergic pathways

GABA receptors
NMDA receptors

Causes of HL:
CHL (COM, ossiculopathy, etc..)
SNHL(MD, ARHL, NIHL, 
Ototoxicity, etc…) 



Common Predisposing Factors of Tinnitus

• “Amplifiers of Tinnitus”

New, progressive or fluctuated 
hearing loss from any cause

Sleep Disorders Psychiatric Disorders

Migraine or VM Myofascial Disorders



• Taiwan native studies for the issue:

  → 70.8% tinnitus with sleep difficulty, especially 
old woman

→ Tinnitus patients prone to have anxiety 
disorder(42.1%) and depression (24.7%)

  → Higher THI scores significantly associated with 
higher sleep / psychiatric questionnaires scores 
(PSQI, ESS, HADS-A, HADS-D)

  → “Tinnitus patients prone to have OSAS by 
polysomnography.  (p= 0.024).”

Psychiatric & Sleep disorders + Tinnitus

(Yen et al. 2022)

(Li et al. 2021)

＠May both derived from the disorder within the limbic system.



• Definition: Tinnitus can be modulated by 
physical contact or movement.

Ralli M, et al. 2017; Haider HF, et al. 2017; Levine et al. 2007

Tinnitus(+)

Somatosensory Tinnitus (ST)



• Neck, Jaw and eye movements

  ➔ Applying a reacting force        if needed

Volume of 

tinnitus…

Eyeball rotation

Clenching Shoulder 

Elevation

Jaw Advancement & Deviation

If the volume of tinnitus significantly changed → ST test(+) 

Tests for Detecting ST



• 20%-36% migraine patients have tinnitus. (3-fold risk)
➢  Possible interactions between CGRP and GABA 

• No definite diagnostic criteria for MAT so far.

• Major diagnostic criteria of “Cochlear Migraine”: migraine 
features with recurrent or fluctuating unilateral SNHL

• Personal opinion for CM (After excluding all other possible 
causes):
➢Definite CM: migraine or VM + PTA-recorded fluctuated HL ± 

bothersome tinnitus

➢Probable CM: migraine or VM + fluctuated bothersome 
tinnitus

Migraine-associated Tinnitus (MAT)

(Lai, Liu;  2018)

Benjamin T, Gillard D, Abouzari M, Djalilian HR, Sharon JD. Vestibular and auditory 
manifestations of migraine. Curr Opin Neurol. 2022 Feb 1;35(1):84-89.



Primary 

Tinnitus 

Adult

2020/05-2021/08

History, PE 

Audiometry 

THI Survey

Retrospective

Statistical 

Data

Analysis

SPSS Ver. 22

Materials and Methods



• Total 298 cases, F：M = 1：1

• Age: Median 58.03, range: 19.22 – 94.58 (yrs)

• BMI: Mean 24.34 ± 3.59

• 125 cases with THI at the 1st visit (41.9%)

  ➔ Medium: 32 (range 2 – 90)

  ➔ Mean: 34.99 (± 21.01) 

Results



Concomitant Symptoms N (%) THI(+) N’ (%) Mean THI P value

Gender
Male 149 50.0 49 39.2 33.45

0.308
Female 149 50.0 76 60.8 37.39

Subjective HL
Yes 198 66.4 85 68.0 34.71

0.825
No 100 33.6 40 32.0 35.60

Objective HL 
(by PTA)

Yes 246 82.6 103 82.4 35.46
0.595

No 52 17.4 22 17.6 32.82

Dizzy/Vertigo
Yes 124 41.6 80 36.0 42.27

0.003
No 174 58.4 45 64.0 30.90

Migraine or VM
Yes 70 23.5 27 21.6 50.00

<0.001
No 228 76.5 98 78.4 30.86

Somatosensory 
test(+)

Yes 60 20.1 27 21.6 38.95
0.121

No 238 79.9 98 78.4 32.84

Cervicalgia
Yes 117 39.3 52 41.6 41.04

0.006
No 181 60.7 73 58.4 30.68

Otalgia
Yes 42 14.1 22 17.6 39.27

0.294
No 256 85.9 103 82.4 34.08

Aural Fullness
Yes 60 20.1 24 35.2 37.00

0.604
No 238 79.9 101 64.8 34.51

Factors Associated with Tinnitus



• 20% ST test(+), 40% fluctuated cervicalgia or TMJ myalgia.

  ➔ Prevalence of ST in our study: 20% ～ 40%

• The only contributing factor of a significantly higher total THI score: 

  ➔ Migraine or VM  (23,5%, p<0.001, OR=19.41, mean score 50.00)

• More “non-HL tinnitus” with ST and MAT. (Amplified hidden HL?)

  ➔ All tinnitus patients: 34% subjective / 17% objective 

  ➔ MAT: 50% subjective  (p=0.002) / 38% objective (p=0.005) 

  ➔ ST: 44% subjective (p=0.025) / 28% objective (p=0.008)

Results: Demographics & Impact on QoL



N=298 Dx of Migraine or VM No Dx of Migraine or VM P

Right ear (dB threshold)

SRT 20.0 25.2 0.016*

MCL 46.1 51.4 0.007*

UCL 90.8 92.4 0.067

DR 70.8 67.2 0.055

PTA4 mean 22.2 29.5 0.002*

Left ear (dB threshold)

SRT 20.2 25.5 0.019*

MCL 46.9 51.4 0.021*

UCL 90.5 92.3 0.047*

DR 70.2 66.8 0.075

PTA4 mean 22.5 30.4 <0.001*

Result: Audiometric Profiles MAT

SRT: 
speech recognition 
threshold
MCL: 
most comfortable level
UCL: 
uncomfortable
loudness levels
DR: 
dynamic range
PTA4: 
Mean value of 500, 1000, 
2000 & 4000 Hz of pure-
tone audiometry

<
<
<
>
<

<
<
<
>
<



• Patients with MAT have significantly better hearing 
thresholds than non-MAT.

  ➔ More “non-HL tinnitus” with MAT (PTA all Fqs < 25 dB threshold). 

  ➔ Better Speech recognition threshold but lower 
uncomfortable levels

  ➔ Dynamic ranges: no significant difference but trends 
of lower thresholds

  (Better hearing, but more phonophobia/hyperacusis?) 

Result: Audiometric Profiles MAT

All Tinnitus MAT p

Subjective non-HL 34% 17% 0.002

Objective non-HL by PTA 50% 38% 0.005



⚫ Liberman et al. : Early cochlear synaptopathy in 
patients w/o threshold shifting (Hidden 
Hearing Loss)*

⚫ Undetectable sensorineural hearing loss (>8K)

⚫ CGRP →GABA interactions at the limbic 
system?

⚫ TVS-related transient vascular contracture

⚫ “Cochlear hydrops”; VM-MD syndrome

⚫ Screening: PTA/SRT/SDS, OAEs, high-frequency 
PTA

Discussion: Possible Etiology?

*Liberman MC, et al. Toward a Differential Diagnosis of Hidden Hearing Loss in Humans. PLoS 
One. 2016 Sep 12;11(9):e0162726.



⚫ Concept of “Auditory migraine” by Prof. Rauch

Discussion: Nomenclature of MAT?

Auditory Migraine 
(AM)

Cochlear Migraine 
(CM)

Tinnitus + -

Hyperacusis + -

SSNHL + +

Fluctuated HL + +

Aural Fullness ? ?

Intensity of 
Tinnitus

Time

Migraine?
Central? 
New HL(peripheral)?

Migraine

VM

AM?MD
CM?

The concept of 
AM is better at 
covering MAT.



• Cervicogenic dizziness & Cervicogenic / Tension-type headache

• Somatosensory tinnitus (criteria by Michels 2018)

➢ So far, no definite diagnostic criteria for cervicogenic headache & dizziness

➢ Tension headache may be concomitant with migraine headache. (60%-70%) 

➢ Highly associated with cervical myalgia, TMJ myalgia & correlated with “ST”

• Our study: no significantly association between MAT & ST 
(p=0.150)

➢ Different headache hypothesis → 2 different subtypes of tinnitus!

➢ 20% patients diagnosed with both MAT and ST

Differential Diagnosis between “MAT” & “ST”

Seemungal BM,  et al. The Bárány Society position on 'Cervical Dizziness'. J Vestib Res. 2022;32(6):487-499.
Michiels S, et al. Diagnostic Criteria for Somatosensory Tinnitus. Trends in Hearing. 2018;22.
Krøll LS, et al. Migraine co-existing tension-type headache and neck pain: Validation of questionnaires. Scand J Pain. 2015;8(1):10-6.





Proposals for A Precise Tinnitus Treatment Algorithm

Chronic or Fluctuated Bothersome Tinnitus

Hx, PE, Comprehensive Audiometry

Secondary 
Tinnitus

Primary 
Tinnitus

Treat underlying 
causes…

Moderate to 
Severe SNHL

Psychiatric 
Disorders

Migraine 
or VM/CM

Somato-
sensory Tinnitus

Sleep
Disorders

Psychiatrist 
Consultation

HA

Evaluation & 
Precise Tx

Precise Physical 
Tx & Rehab

Best life 
adjustment ±Mx

Life habit adjustment, medication review, 
family support, TRTs, CBTs, white noise coverage…

Mild SNHL 

Obs

CHL, ISSNHL, OETD, 
COM, VS, trauma…

“Hidden HL?”

Severe to 
Profound SNHL CI

A
M
P
L
I
F
I
E
R
S



Proposals for A Precise Tinnitus Treatment Algorithm

Treating Bothersome Tinnitus 
                         = Conducting Bomb Disposal

Sleep Problem?

Mental illness?

“Migraine”?

H&N myalgia?

Hearing 
impairment?

Daily life of otoneurologists



1. Migraine is not only a type of headache!也不是所有頭痛+眩
暈者都是VM!

→ VM有其嚴格(或太嚴格?)的criteria

→ Migraine features: “Sensory & Somatic hyperreflexia”, 但其表
現可能很多元、多變，也很主觀。

2. VM的治療有其邏輯，可考慮採升階方式進行

→ Trigger management & education are keystones!

→ 直接使用大量後線藥物可能導致治療順從性不足

3. Migraine為tinnitus的最強放大器，MAT聽力也較佳，但治療
方式尚不明確，可採取與VM相同之方式。

4. 提醒自己盡量不單壓VM/MAT: 所有造成dizzy或tinnitus之原
因都需小心探查及治療。

5. CM的可能診斷條件及AM的概念值得我們更多思考並推廣。

Conclusions & Take Home Message



Special Thanks to…
Prof. Steven Rauch 馮已榕老師 薛佑玲所長

林明毅主任 康柏皇部長 林曜祥院長



Thank You For Listening!


