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Background: Vestibular migraine (VM) is the most common cause of spontaneous vertigo with no specific physical and laboratory examinations, and is an under-recognized entity with substantial burden for the individual and the society. In this study, by observing the brainstem auditory evoked potential (BAEP) and cognitive function of VM patients, the possible laboratory diagnostic indicators of VM and the influence of disease on cognitive function were discussed.

Method: The study included 78 VM patients, 76 migraine patients, and 79 healthy individuals. The age, gender, and other clinical history of the three groups matched. All participants underwent BAEP examinations, in which patients in the migraine group and outpatients of the VM group were in the interictal period, and inpatients in the VM group were examined during episodes, while all patients tested for the Addenbrooke's cognitive examination–revised (ACE-R) scale were in the interictal period. The differences in BAEP and ACE-R scores between the three groups of members and their relationship with the clinical features of VM patients were analyzed.

Result: The peak latency of I, III, and V wave in the BAEP of the VM group was longer than that of the migraine group and the control group (p < 0.05). The peak latency of V wave in the BAEP of the migraine group was longer than that of the control group (p < 0.05). The ACE-R of the VM group scored lower than the migraine group in terms of language fluency and language (p < 0.05), and lower than the control group in terms of total score, language fluency, language, and visuospatial (p < 0.05); and the ACE-R of the migraine group scored lower than the control group in the total score and visuospatial (p < 0.05).

Conclusion: Migraine patients have brainstem dysfunction, and VM patients have more severe brainstem dysfunction than migraine patients, suggesting that VM patients have both central nervous system damage and peripheral nerve damage. Migraine patients have cognitive impairment, while cognitive impairment in VM patients is more severe than in migraine patients.
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INTRODUCTION

Vestibular migraine (VM) is a clinically common disease with recurrent dizziness/vertigo with nausea and vomiting with or without headache (1). VM is the second most common cause of recurrent vertigo, accounting for about 10% of diseases that can cause dizziness (2, 3).

Brainstem auditory evoked potential (BAEP) is a potential activity change caused by sound stimulation in the brainstem auditory conduction pathway. It is an important neurophysiological indicator reflecting the neurological dysfunction from the cochlea to the brainstem, and also one of the important means to detect brainstem and peripheral nerve function and evaluate audiology (4–6). Wang et al. have confirmed that migraine patients have white matter lesions and cognitive impairment, among which memory, responsiveness, and information recognition and processing ability are all decreased (7). Jonas et al.'s study confirmed the correlation between cognitive function changes and BAEP (8). However, there is still no research on the cognitive function of patients with vestibular migraine. Because of the high incidence of VM and migraine, the research of the medical profession to explore the changes in the function of the brainstem auditory pathway of VM and migraine and its correlation with cognitive function changes is one of the most important subjects.

At present, the literatures at home and abroad have not yet found a study on the relationship between VM and cognitive function changes and BAEP. The purpose of this study is to investigate the changes of BAEP and cognitive function in VM patients, to determine whether the auditory pathway and the brainstem functional state of VM patients have been changed, and to further study whether the pathogenesis of VM is related to brainstem and peripheral nerves. Furthermore, the diagnostic significance of BAEP in the VM with or without cognitive function changes is analyzed to provide theoretical basis for the prevention and clinical treatment of VM, and it is of great significance for the study of epidemiology and clinical diagnostic indicators of VM.



MATERIALS AND METHODS


Patients

Seventy-eight VM patients were from the First Affiliated Hospital of Harbin Medical University. The time was from July 2018 to December 2018. Twenty-one outpatients were in the interictal period and 57 inpatients were in the attack period. There were 11 males and 67 females with an average age of 51.77 ± 11.58 years. All of the patients met the VM ICHD-3 beta diagnostic criteria and were diagnosed by both a clinical otolaryngologist and a clinical neurologist. The migraine group included 76 patients, including 16 males and 60 females, with an average age of 39.20 ± 13.69 years, all of whom met the diagnostic criteria for ICHD-3 beta and were diagnosed by a clinical neurologist. The above patients were enrolled using the following criteria: 18 years of age or older; the number of attacks in half a year no less than twice; vertigo or headache attack in the most recent month; get informed consent from the participants. The exclusion criteria are as follows: patients diagnosed with other types of chronic headache (such as tension headaches); diagnosis of other types of dizziness (e.g., benign paroxysmal positional vertigo [BPPV], Meniere's disease, etc.); patients with hearing impairment; patients with other chronic disease history (such as cerebrovascular disease, tumor, hypothyroidism, hyperthyroidism, diabetes, chronic obstructive emphysema, Parkinson's disease, AIDS, hypertension, heart disease, blood disease, kidney failure, liver functional failure, Cushing's syndrome, anxiety, and depression, etc.); and taking cortisol medications within 1 week. At the same time, 79 healthy people without vertigo were recruited as controls, including 22 males and 57 females with an average age of 49.00 ± 14.97 years. All subjects signed informed consent and were approved by the Ethics Committee of the First Hospital of Harbin Medical University.



Method

All participants were required to provide a detailed medical history to a trained neurologist (whether there was a history of vertigo, accompanying symptoms, predisposing factors, other related diseases, etc.) and basic vital signs (temperature, blood pressure, heart rate measurement). All participants underwent BAEP examinations, in which patients in the migraine group were in the interictal period, outpatients of the VM group were in the interictal period, and inpatients in the VM group were examined during episodes. The participants were quiet and supine. The BAEP detection application evoked potential meter model is the Danish KEYPOINT 8000 model. The test method is as follows: the reference electrode is located on the ipsilateral mastoid of the test subject, the recording electrode is located in the middle of the head (Cz), the ground is located in the forehead (Fpz), the impedance is <5 K ohm, the stimulus is sent to the ear through an earphone (air conduction), and the test ear is, respectively, stimulated by 120 and 100 dBnHL click sound. For acoustic stimulation, the side ear is given a 40-dBnHL white noise mask to reduce interference from other factors. The sound stimuli are superimposed 1,000 times, and each ear is repeated at least two times and the single ear is separately stimulated. Sources of BAEP waveforms are as follows: I wave represents the electrical activity of the extracranial segment of the auditory nerve; II wave represents the potential change of the cochlear nucleus and the intracranial segment of the auditory nerve; III wave represents the electrical activity of the olive nucleus and the cochlear nucleus on the brainstem; IV wave represents the change in medial lemniscus; V waves represent changes in the potential of the inferior colliculus.

All patients participating in cognitive function tests were evaluated by an experienced neurologist using the ACE-R (the Addenbrooke's cognitive examination–revised). All patients were tested for the ACE-R during the interparoxysms. The ACE-R is a comprehensive cognitive assessment scale designed and revised by the University of Cambridge. The scale provides a detailed assessment of the following five aspects: orientation or attention (18), memory (26), language fluency (14), language (26), and visuospatial (16); the total score is 100, and the higher the score, the better the cognitive function. The ACE-R has a very high sensitivity and specificity at 83 in the diagnosis of cognitive impairment. In view of the differences in cultural background, scholars from different countries also modified the corresponding version of ACE-R after translating and adjusting the culture (9, 10). Further evaluation was conducted by researchers who were trained and unaware of the results of the test. See Figure 1 for the specific test process.


[image: Figure 1]
FIGURE 1. Flow diagram of experiment.




Observation Index

BAEP observation indicators: 1. The peak latency of I, III, V waves (PL), waveform differentiation good rate. 2. I–III/III–V peak-to-peak latency ratio. 3. The difference between each wave PL ear. BAEP abnormality judgment criteria: 1. The main wave I, III, V disappear or the repeatability is poor; 2. III–V/I–III IPL>1; 3. The average value of each wave PL is increased by three standard deviations compared with the control group; 4. The difference between the PL ears of each wave is >0.4 ms. Observe the score of each sub-item of the ACE-R scale.



Statistical Method

The main researcher used Microsoft Excel 2016® to record and store the data. A descriptive analysis of the data that considered absolute and relative frequencies, central tendency measures (average and median), and dispersion measures (standard deviation, minimum and maximum values) was performed.

For quantitative variables, the standard distribution was verified, and Student's t-test was used to compare the groups. The equality of variance (standard deviation square) was not assumed when the homogeneity of a certain variable could not be confirmed. For the association analyses between independent qualitative variables and outcome measures, the chi-square test was used. For statistical significance, a descriptive level of 5% (p < 0.05) was considered. Data were analyzed with the Statistical Package for the Social Sciences (SPSS).




RESULTS


Differences in BAEP Between VM Group, Migraine Group, and Control Group

In this study, 78 patients with VM had a duration of dizziness >5 min, <72 h, of which 5 min to 1 h accounted for 35.8%, 1 h to 1 day accounted for 43.5%, and >1 day accounted for 20.7%. All patients underwent routine neurological examination. Among the 78 patients in the VM group, 47 patients had different degrees of abnormalities in BAEP, and the abnormal rate was 60.25%, including seven males and 40 females. Among the 76 patients in the migraine group, 24 patients had different degrees of abnormalities in BAEP, and the abnormal rate was 31.58%, including six males and 18 females. Among the 79 patients in the control group, eight patients had different degrees of abnormalities in BAEP, and the abnormal rate was 10.13%, including two males and six females (Table 1). There was no statistically significant difference in the relative ratio of left and right ears in the VM group and the migraine group of BAEP (p > 0.05) (Table 2). The mean BAEP values for the three groups' subjects are presented in Figure 2. In the VM group, the average peak latency of I wave in the BAEP was 1.76 ± 0.14 ms, the average peak latency of III wave was 3.87 ± 0.23 ms, and the average peak latency of V wave was 5.78 ± 0.31 ms. In the migraine group, the average peak latency of I wave in BAEP was 1.69 ± 0.13 ms, the average peak latency of III wave was 3.77 ± 0.15 ms, and the average peak latency of V wave was 5.70 ± 0.17 ms. In the control group, the average peak latency of I wave in the BAEP was 1.68 ± 0.11 ms, the average peak latency of III wave was 3.75 ± 0.17 ms, and the average peak latency of V wave was 5.61 ± 0.22 ms. The migraine group data were compared with the control group data; the peak latency of V wave was prolonged (p < 0.05). The peak latency of I, III, and V wave of the VM group was significantly longer than that of the other two groups (p < 0.05) (Table 3). Meanwhile, the roc curve was used to evaluate its diagnostic value (Figure 3). However, comparing the BAEP results of the outpatients of the VM group between the inpatients of the VM group, the peak latency of I wave was prolonged, which was statistically significant (Table 4). In addition, compared with the control group, the BAEP results of the migraine group showed decreased IV and V wave amplitude. Compared with the migraine group, the BAEP results of the VM group showed decreased amplitude of I and II wave, while the amplitude of I–V wave was decreased in the VM group compared with the control group (Figure 4). We compared the BAEP results of the three groups of patients according to different genders again. In male patients, the peak latency of I wave of the VM group was longer than that of the control group, and the peak latency of I and V wave of the migraine group was longer than that of the control group. Among female patients, the peak latency of I, III, and V wave of the VM group was longer than that of the migraine group; the peak latency of III and V wave was longer than that of the control group; and the peak latency of V wave of the migraine group was longer than that of the control group (Table 5).


Table 1. Comparison of baseline data between the three groups.
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Table 2. Comparison of BAEP results between left and right ears in the three groups (±s, ms).
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FIGURE 2. Comparison of BAEP results between the three groups.



Table 3. Comparison of BAEP results between the three groups (±s, ms).
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[image: Figure 3]
FIGURE 3. The specificity and sensitivity of the ROC curve to the diagnostic value of BAEP. The ROC curve was drawn to evaluate the specificity and sensitivity of the diagnostic value of BAEP. The highest point in the upper left corner was close to 1, indicating good specificity and sensitivity of the model.



Table 4. Comparison of BAEP results between VM patients in outpatient and ward (±s, ms).
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[image: Figure 4]
FIGURE 4. Comparison of BAEP amplitude results between the three groups (from top to bottom: control group; migraine group; VM group). Compared with the control group, the BAEP results of the migraine group showed decreased IV and V wave amplitude. Compared with the migraine group, the BAEP results of the VM group showed decreased amplitude of I and II wave, while the amplitude of I–V wave was decreased in the VM group compared with the control group.



Table 5. Comparison of BAEP results between different gender in the three groups (±s, ms).
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Differences in ACE-R Between VM Group, Migraine Group, and Control Group

The mean ACE-R score values for the three groups' subjects are presented in Figure 5. There were 60 patients with cognitive impairment (total score <83) and 18 with normal cognitive function (total score ≥ 83) in the VM group. The ACE-R score of VM patients had the language fluency score of 7.86 ± 3.54 and the language score of 21.23 ± 3.80, which were lower than the language fluency score of 10.90 ± 1.60 and the language score of 22.95 ± 1.97 of the migraine group (p < 0.05). There were 38 patients with cognitive impairment (total score <83) and 38 with normal cognitive function (total score ≥ 83) in the migraine group. The ACE-R score of migraine patients had a total score of 82.29 ± 9.56 and a visual spatial score of 12.03 ± 3.01, which were lower than the total score of 85.80 ± 7.00 and the visual spatial score of 15.19 ± 1.00 of the control group (p < 0.05). The scores of ACE-R in VM patients were lower than those in controls in total score, language fluency, language, and visuospatial (p < 0.05) (Table 6). Finally, the VM group was divided into the VM cognitive function impairment group (total score <83) and the VM cognitive function normal group (total score ≥ 83), and the comparison showed that there was no significant difference between the peak latency of I, III and V wave periods of the two groups (p > 0.05). The migraine group was divided into the group with migraine cognitive impairment (total score <83) and the group with migraine normal cognitive function (total score ≥ 83), and it was found that there were no significant differences in the peak latency of I, III, and V between the two groups (p > 0.05) (Tables 7, 8).


[image: Figure 5]
FIGURE 5. Comparison of ACE-R results between the three groups.



Table 6. Comparison of ACE-R results between the three groups.
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Table 7. Comparison of BAEP between cognitive impairment group and normal cognitive function group in VM patients (±s, ms).
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Table 8. Comparison of BAEP between cognitive impairment group and normal cognitive function group in migraine patients (±s, ms).
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DISCUSSION

VM is a very common disease that causes recurrent vertigo, but its lack of clinical understanding leads to a serious underestimation of its prevalence (11). The diagnostic criteria for VM were proposed in the International Classification of Headache Disorders (ICHD-3 beta) in 2013, which provides a strong basis for the diagnosis of VM (12, 13). BAEP is widely used to assess the functional impairment of the brainstem auditory pathway in the central nervous system and auditory system diseases (14). The pathophysiological mechanisms of VM are not fully understood, so studying the relationship between VM and BAEP can help provide more certainty for the diagnostic assessment and clinical management of these patients in everyday clinical practice.

In this study, compared with the migraine group and the control group, the peak latency of I, III, and V wave in the VM group was significantly prolonged (p < 0.05). Compared with the control group, the peak latency of V wave in the migraine group was prolonged (p < 0.05). Those with an abnormal single ear may have less lesions and do not involve the contralateral conduction pathway, while those with abnormal ears may have electrophysiological changes to the contralateral side due to the presence of large lesions in the conduction pathway. The peak latency of I wave in the outpatients of the VM group was longer than the inpatients of the VM group indicating that the hearing impairment of VM patients was fluctuating and correlated with the onset of symptoms. VM patients in the outpatient department are in the convalescence period, and their auditory nerve function damage is more serious than that in the inpatient department. We speculate that there is no clear correlation between auditory nerve function damage and the onset of vertigo symptoms in VM patients, and auditory nerve function damage may fluctuate. Of course, this result may also be related to the error caused by the unequal number of patients in the two groups. The peak latency of V wave changes is not obvious, indicating that the brainstem function damage in VM patients may be long term. However, due to the mismatch in the number of patients in the two groups, there may be a result error, so the difference in BAEP between the attack and interictal patients should be further studied.

VM is more common in women, which may be related to familial disease-causing genes and hormone levels (1). We compared the differences in BAEP among members of the three groups of different genders. In male patients, the VM group and the migraine group had a longer latency of the peak latency of I wave than the control group. In female patients, the peak latency of I, III, and V wave in the VM group was longer than that in the migraine group, and the peak latency of III and V wave was longer than that of the control group; the peak latency of V wave in the migraine group was longer than that in the control group. Lopez et al. demonstrated that the latency of BAEP is influenced by age and gender, with the peak latency of III and V wave in females significantly shorter than in males (15). Our data showed that the changes in the peak latency of III and V wave of BAEP in the female patients of the VM group were more significant than those in the male patients. This may indicate that women are more vulnerable to damage to the function of the auditory nerve to the brainstem nerve, leading to a higher incidence of VM in women. However, the causes of functional impairment of auditory nerve to brainstem nerve in women need to be further studied.

According to reports, BAEP reflects the extent of auditory pathways and brainstem ischemia and is extremely sensitive to synaptic dysfunction (16). In this study, the BAEP results of the VM group were compared with those of the migraine group, which confirmed that decreased auditory nerve function may be one of the causes of VM. There is a large overlap between the migraine pathway and the vestibular pathway. The trigeminal vasculature has been shown to affect the blood supply to the inner ear in animal experiments (17). The cochlear region has a terminal capillary bed. The high metabolic requirements of the inner ear and the hereditary nature of the cochlea make it impossible to form collateral vessels, which is highly sensitive to a very small reduction in blood supply (5, 18). The parasympathetic nerve affects the trigeminal vascular reflex, leading to cerebral vasospasm and reduced blood flow, which in turn triggers a sterile inflammatory response and the release of vasoactive substances (e.g., histamine, 5-HT, and plasma kinin) (5, 19), resulting in ischemia of the inner ear and inducing vertigo. Drugs (such as triptans, ergotrine, and CGRP antagonists) act on the trigeminal innervation area to attenuate VM specific peripheral triggers.

The V wave in BAEP represents the electrical activity in the upper part of the pons or in the lower middle part of the brain, which originates from the inferior colliculus. There are multiple serotonin pathways in the dorsal raphe nucleus and the inferior colliculus, and serotonin from the dorsal raphe nucleus is introduced into the vestibular nucleus (20, 21). Serotonin is an important regulator of auditory processing and usually coexists with gamma-aminobutyric acid (GABA) in the inferior colliculus (4). Intravenous serotonin in mice has been shown to increase the extravasation of vestibular nerve proteins (22). Sand et al. (4) also confirmed a negative correlation between serotonin levels and the IV–V wave amplitude during the onset of migraine patients, and this association was more pronounced in VM. Therefore, serotonin changes in the inferior colliculus may be one of the reasons for the prolongation of the peak latency of V wave and may be one of the potential causes of vestibular dysfunction in VM (23). The tightly connected network between the blue spot and the dorsal raphe nucleus may be a target for calcitonin gene-related peptide antagonists and triptans in VM. Changes in BAEP can reflect changes in midbrain neurotransmitters and/or hypoperfusion (24). Bhargava et al. (25) observed that high-dose kappa choline (1–5 mg/kg) significantly increased the peak latency and amplitude of BAEP III and IV waves in rats, while low-dose cholinergic activity inhibited BAEP, demonstrating the effect of cholinergic activity on BAEP. Reserpine induced prolongation of III wave and V wave peak in rats, suggesting that norepinephrine and serotonin have an effect on BAEP (26). The inferior colliculus receives serotoninergic input from the dorsal raphe nucleus. Serotonin from the nucleus can also regulate the upper olive nucleus and the cochlear nucleus, which has an effect on the BAEP III wave (24). In a longitudinal study by Sand et al. (4), the intensity dependence of BAEP in migraine may not be a passive response to brainstem dysfunction. There were no changes in BAEP before the onset of migraine, and the peak latency of I–V wave and the peak latency of III–V wave increased after the onset of headache; the changes in BAEP seemed to reflect the slight effect of migraine symptoms on the serotonin brain stem pathway (27, 28). In this study, patients in the migraine group had a longer V wave latency period than those in the control group. Compared with the migraine group, the peak latency of I, III, and V wave in the VM group were prolonged, but the V wave changes were still within the normal range, indicating that the inner ear and cochlear core function changes were involved in the occurrence of VM. Meanwhile, brainstem function was decreased in migraine patients, and brainstem dysfunction was more serious in VM patients than in migraine patients. Due to the high sensitivity of BAEP, slight functional abnormalities in the brainstem and inferior colliculus have been discovered. Thus, BAEP shows a mild population abnormality in VM patients and has implications for the pathogenesis of VM.

Long-term recurrent attacks on the VM can lead to cognitive impairment. Wang et al. (7) conducted a controlled trial of VM patients and healthy people, which concluded that the cognitive dysfunction of VM patients was more serious. At the same time, the imaging examination of VM patients found that the incidence of white matter lesions was higher than that of normal people. In this experiment, we calculate the ACE-R, which has its unique advantages in non-memory assessment such as executive function, visuospatial, attention, and directionality. Higher specificity and sensitivity were found for disease assessment of cognitive impairment manifested by attention or directivity impairment and executive function impairment. The ACE-R is highly sensitive, specific, and powerful in assessing cognitive impairment and early detection of cognitive impairment and related diseases. In this study, the cognitive function of VM patients was significantly reduced in terms of language and language fluency compared with migraine patients, while the cognitive function of migraine patients was reduced in visuospatial compared with controls. However, it has not been found to be associated with BAEP. Repeated episodes of migraine, repeated painful stimulation of patients, gradually appearing cognitive impairment, and emotional changes such as anxiety and depression, difficulty in concentration and other psychological problems, in the long run, have a serious negative impact on patients' quality of life. In the imaging study of cognitive impairment in VM patients, brain function was found to be concentrated in the parietal lobe and the hippocampus. Brandt et al. (29) reported that 17% of patients with bilateral vestibular dysfunction found atrophy in the hippocampus. Stimulation of the vestibular nucleus can lead to more obvious electrophysiological changes in the hippocampus. Patients with VM also have unilateral vestibular dysfunction (29, 30). At the same time, cognitive impairment of VM patients is mainly manifested in language fluency, language, and spatial function. The visual areas in the prefrontal and temporal lobes (mainly including the temporal pole, frontal lobe, fusiform gyrus, and inferior temporal gyrus) and the medial occipital lobe significantly inhibit the visual information in the vestibular cortex pathway, which is similar to the fear of sound and light in migraine patients. Damage to the vestibular function leads to impairment of cognitive function, and cognitive impairment also acts on the vestibular organs, affecting each other, causing a vicious circle (31). In the past, in clinical practice, the damage of cognitive function was often neglected due to the headache and vertigo symptoms of VM patients. This study confirmed the cognitive function impairment of VM patients, which can provide scientific reference for early clinical treatment and prevention of VM and reduce the risk of cognitive function impairment of VM patients. However, this study did not find a correlation between cognitive impairment and BAEP changes in VM patients and migraine patients.

Our research highlights the following points: (1) The peak latency of I wave in the VM group were prolonged in VM patients, although the left and right contrasts are not statistically significant. We believe that these results are caused by the impairment of the auditory nerve function, which may have certain diagnostic significance for the pathophysiological changes of VM. Meanwhile, there was no statistical difference between the migraine group and the control group in the peak latency of I wave. Therefore, we believed that inner ear impairment and synaptic dysfunction of VM were different from migraine, which was one of the causes of vertigo. (2) Compared with the control group, the peak latency of V wave was prolonged in migraine patients. At the same time, the peak latency of V wave in VM patients was longer than that in migraine patients, but it was still within the normal range, indicating that VM patients may have brainstem dysfunction but it was mild. We hypothesized that norepinephrine and serotonin produced by the blue-spot and dorsal raphe nucleus of the brainstem may influence the signaling of the inferior thalamus and the function of the central nervous system, thus inducing vertigo symptoms. (3) Cognitive impairment in migraine patients mainly involves visuospatial aspects, while VM patients also have language fluency and language impairment. (4) There is no correlation between cognitive impairment and BAEP changes in VM patients and migraine patients.

Although the results of this study are important, there are still some limitations: (1) the relatively small number of patients; (2) some VM patients were examined by BAEP and ACE-R scale during the recovery period of dizziness, which may affect the experimental results; and (3) the temporal relationship between the appearance of BAEP changes and the onset of VM symptoms due to the cross-sectional design of this study. BAEP was not repeated during the VM symptom onset. The relationship between cognitive impairment and the onset time of VM needs further study.



CONCLUSION

VM is a benign recurrent vertigo with migraine and dizziness. Its recurrent episode has a serious impact on the quality of life of patients. It is a disease in which peripheral and central mechanisms coexist, and there are functional changes from the inner ear to the brainstem.

BAEP can detect different functions of nerve nuclei and nerve conduction pathways, and can reflect minor damage. Although it is not of great diagnostic significance, it can hint the pathogenesis of VM to some extent.

VM patients have cognitive impairment and need to follow up regularly to track the degree of change. Meanwhile, appropriate physical therapy and health education guidance can be provided to improve the prognosis of VM patients, provide the basis for treatment, and point out the direction.
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