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Abstract

Objective.——To determine whether patients with vestibular migraine are more likely to suffer
from an occipital headache than patients with migraine without vestibular symptoms.

Background.——\Vestibular migraine is an underdiagnosed disorder in which migraine is
associated with vestibular symptoms. Anatomical evidence and symptomatology hint at the
involvement of brain structures in the posterior fossa (back of the head location). We hypothesized
that vestibular migraine patients are more likely than migraineurs without vestibular symptoms to
experience headaches located in the back of the head, that is, occipital headaches.

Methods.——A retrospective cross-sectional study was conducted at the University of lowa
Hospital and Clinics. Chart analysis of 169 patients was performed. The primary outcome was the
location of the headache in vestibular migraine patients and migraineurs without vestibular
symptoms. The secondary outcomes included the association of vestibular migraine with gender,
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age at onset of headache, age at onset of vestibular symptoms (such as vertigo, head motion-
induced dizziness), aura, motion sickness, other associated symptoms, family history of
headaches, and family history of motion sickness.

Results.——In vestibular migraine group, 45/103 (44%) had occipital location for their
headaches vs 12/66 (18%) in migraine patients without vestibular symptoms, for an odd’s ratio of
3.5(95% Cl = 1.7-7.2, P<.001). Additionally, the age at onset of headache was greater in the
vestibular migraine group (28 + 12 vs 18 + 9 years, A< .001) and motion sickness was more
common (41/98 (42%) in the vestibular migraine group, 1/64 (2%) in the migraine without
vestibular symptoms group, A< .001).

Conclusions.——This study suggests that patients with vestibular migraine are more likely to
have occipital headaches than patients with migraine without vestibular symptoms. Our data
support the initiation of a prospective study to determine whether a patient presenting with
occipital headaches, with late onset of age of headache, and with a history of motion sickness is at
an increased risk for the possible development of vestibular migraine.
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INTRODUCTION

Vestibular migraine (VM) is a significantly under-recognized disorder and needs better
characterization to improve its diagnosis.1 =10 VM is considered a type of migraine where
patients suffer from headaches and vestibular symptoms such as vertigo or head motion-
induced dizziness.1112 \VM diagnostic criteria were first established 2001° and it is currently
diagnosed using the criteria of the International Classifications of Headache Disorders
(ICHD-3).13 The reported incidence of VM in the United States is 1%—-3% of the adult
population®14 and 10%-30% of patients seen in headache and dizziness clinics.11:15
Although it is one of the most common presenting conditions to primary care, otology, and
neurology,!! it remains significantly underdiagnosed, with VM ultimately diagnosed in
20.2% of the population studied based on specialist evaluations, although it was only
suspected in 1.8%.° It is estimated that 80% of VM patients do not carry the correct
diagnosis.? Given this large gap in VM recognition, any attempt to improve its
characterization has the potential to significantly improve recognition, diagnosis, and
clinical outcome.

One way to improve the recognition of VM is to better characterize its clinical presentation.
The anatomical structures that have been implicated in generating vestibular symptoms
(such as vertigo or head motion-induced dizziness) are the components of the vestibular
system, whose fibers project from the inner ear to the brainstem and cerebellum, that is. the
posterior fossa, or back of the head.1® Additional clues implicating the posterior fossa
structures in the generation of vestibular symptoms come from pathologies that cause
vestibular symptomatology such as vertebral artery dissection, and that also induce pain in
the back of the head. Based on this anatomical and pathological information, we
hypothesized that VM patients experience more pain in the occipital region (back of the
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head) than do migraine patients who do not suffer from vestibular symptoms (henceforth
referred to here as M patients).

In this work, we will test the null hypothesis that there is no difference in the proportion of
occipital headaches between the VM and M groups. Although no definitive conclusions can
be drawn from a retrospective chart analysis, the goal of the present study is to provide a
first assessment of the validity of our hypothesis, as a test of whether a prospective study is
warranted. Specifically, we aimed to characterize differences in the headache location in VM
vs M patients.

This study was approved by the University of lowa Institutional IRB (#201404723), and
informed consent was waived.

We conducted a cross-sectional retrospective study, where patient charts were retrospectively
selected from patients seen within the University of lowa Hospitals and Clinics (lowa City),
at 2 of our clinics, Balance Disorders, and Headache Clinics, between January 2008 and
April 2014.

The Balance Disorders Clinic evaluates patients manifesting with balance, vertigo, or
dizziness, and a separate Headache Clinic evaluates headache patients. A neuro-otologist
(DF) saw all patients coming to the Balance Disorders Clinic in person. Those patients filled
out a dizziness questionnaire (designed by DF) containing detailed questions about vertigo/
dizziness/balance and about the presence of headache, its location, and its characteristics. A
headache specialist (AR) saw patients coming to the headache clinic in person. Those
patients filled out a headache questionnaire (designed by AR) at the time of their visit.
Among detailed questions about headache, it also asked about the presence of symptoms
such as vertigo or dizziness, and about headache location.

Questionnaires were filled out before the doctor was seen in order to minimize bias.
Importantly, the questionnaires were designed to help the physicians in their diagnosis rather
than specifically for the purpose of this study. A final diagnosis was made based both on the
questionnaire and the information found in the charts. Thus, some charts were missing some
information to properly diagnose VM. For example, if a migraine patient had vestibular
symptoms (such as vertigo), but their chart did not have sufficient details to diagnose VM,
then such a chart was not included. As a result, only 2 groups of patients were included: VM
patients, who fulfilled ICHD3 criterial3 and patients with migraines without any vestibular
symptoms (M group), also based on ICHD3 criteria.13

A single list of migraine patients seen at both our Balance Disorders and Headache Clinics
was generated by our University coding personnel, including all patients that presented with
migraine, independently of vestibular symptoms. The research team was given 1 single list
of more than 1500 names of migraine patients from both the Balance Disorders and
Headache Clinics, and one of us (SO) randomly/blindly selected 200 charts from that pool;
our sample was a simple random sample (see Fig. 1).
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Identifying information was removed and all notes were assigned a numeric identifier that
cannot be traced back to the original chart. Retrospectively, diagnostic criteria were applied
to the charts to distinguish between VM and M based on the ICHD3 classification.1” The
charts were reviewed for the location of the headache, and any chart missing this
information was excluded from the study (Fig. 1). The headache location was assessed using
an open-ended question in the dizziness questionnaire, and a multiple-choice question in the
headache questionnaire. Any headache described as being located “in the back of the head”
or using similar wording was then coded as occipital/back location for the purpose of this
study. Neck pain was distinguished from occipital headache. The occipital/back location
classification was used both when it was the only headache location and when it was hamed
among other locations. However, a headache characterized as either holocephalic (diffuse
throughout the whole head) or affecting an entire side of the head without specific mention
of the back of the head was not classified as occipital/back location.

The charts were also reviewed for the following additional information. For all patients, we
collected age of onset of headache and for those who fulfilled VM criteria, we collected the
age of onset of vestibular symptoms; other collected data were gender; frequency of
headaches; symptoms associated with the headache (such as nausea, vomiting, photophobia,
phonophobia, and visual aura); symptoms associated with vestibular symptoms (such as
photophobia, phonophobia, visual aura, headaches); personal history of motion sickness
(worded as car sickness in the questionnaire from the Balance Clinic, and penciled-in for
patients answering the questionnaire from the Headache Clinic); family history of migraine
or headaches, and family history of motion sickness.

In total, 31 charts were excluded from the study. In all cases, this was for failure to report the
location of the headache (Fig. 1). Although not all charts contained all the additional
information listed above, no others were excluded from the study. The numbers of patients
for which specific types of data were missing are provided in the figure legends, both as
totals and as a percentage of the number of participants in each group. Notably, the gaps in
information are similar for both groups.

Statistical Analysis.—

This study is a primary analysis (a priori) of information obtained from a retrospective chart
review for VM and M patients. The number of charts needed for review was determined
using sample size calculation online software (https://clincalc.com/stats/samplesize.aspx),
using 2 independent groups, dichotomous outcome, events 40% in the VM and 20% in the
M group, and with the goal of achieving a power of 0.8 and an alpha value of 0.05. The
calculated sample size was 162, and this was raised to 200 to take into account the lack of
some data. Our statistician (PTE) repeated the calculations and found similar results using
PROC POWER in SAS 9.4, with a sample size of 82 subjects per group to achieve 80%
power when testing for a difference between 2 proportions believed to be 20% and 40% at
the a = 0.05 level. Descriptive variables are reported as mean * standard deviation, whereas
categorical variables are reported as frequency counts (%) of the patient population within a
group. GraphPad Prism software was used for the analysis. The significance of the
difference between groups in terms of mean values was evaluated using the 2-sample # and
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Mann Whitney tests. Categorical variables were evaluated using Chi-square test.
Comparisons between groups were reported as odds ratios (OR) and 95% confidence
intervals (CI). A simple linear regression is performed between variable 1 (age of onset of
headache) and variable 2 (age of onset of vestibular symptoms) in order to assess their
relationship (association). The goodness to fit value (/2) is reported. Statistical significance
was assumed at A< .05, and all inferences were 2-sided where appropriate. The radar chart
was generated using www.onlinecharttool.com.

Demographics.—

We included 169 patients in this study; 103 patients fulfilled the criteria for classification in
the VM group and 66 fulfilled the criteria for classification in the M group. The VM group
consisted of 79% females and 21% males (3.7:1 ratio) and the M group consisted of 88%
females and 12% males (7.3:1 ratio; Fig. 2a). The clear female predominance is not
statistically different between groups (P =.184).

Primary Outcome: Occipital Location of Headache.—

The primary outcome of this study is to gather information about the location of headache in
patients of the VM and M groups. In the VM group, 45/103 or 44% of patients were counted
positive for occipital/back of head headache, vs 12/66 or 18% in the M group (P < .001, Fig.
2b). In patients suffering from VM, the odd’s ratio OR of having an occipital headache was
3.5 times the odds for patients suffering from M (OR 3.5, 95% confidence interval (CI) of
1.7-7.2). Of note, 53% of VM patients with an occipital headache reported that their
headaches were located exclusively in the occipital/back area, whereas only 25% of M
patients reported this exclusivity (P=.081).

Secondary Outcomes.—

Age of Onset of Headaches.——The mean age at headache onset was statistically
significantly higher in the VM group (28 + 12 years old) than in the M group (18 + 9 years,
P<.001, not adjusted for a potential difference in the age of the patients from both clinics at
the time of the visit). However, the exact age of onset was reported in only 69% of the
charts, and some patients had provided only a vague answer to this question, such as “since
childhood” or “as a teenager”. Given the prevalence of this type of answer, we were able to
achieve a more inclusive representation of the population by separating the patients into 2
groups with onsets <20 years old and >20 years old (Fig. 2c). Among the VM patients,
50/87 (57%) had an onset of headache at over 20 years old, compared to 11/58 (19%) in the
M group (P<.001, OR =5.77, 95% CI 2.62-12.10).

Age of Onset of Vestibular Symptoms.——The age of onset of vestibular symptoms
was 32 £ 12 years old in VM patients; this is statistically significantly later than headache
onset (3 years, P=.005, independent #test). Among the VM patients, the onset of vestibular
symptoms after headache onset was reported in 30% of cases, simultaneous onset in 60% of
cases, and the occurrence of vestibular symptoms before headache was reported in 10% of
cases. These ages of onset of headache and vestibular symptoms are significantly associated
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(Fig. 2d, linear regression slope = 0.85, /% = 0.763, P< .001), indicating that vestibular
symptoms and headache are likely caused by the same pathology.

Co-Occurrence of Headache and Vestibular Symptoms.——Among the VM
patient group, 46% reported experiencing vestibular symptoms and headaches
simultaneously and 4% reported experiencing them independent of one another. The
remaining 50% of patients did not provide a clear answer on this topic.

Gender Differences.——No gender differences in the age of onset of headaches were
apparent in the M group (18 + 8 years for females and 17 + 12 years for males, £=.914).
However, among the VM patients, headache onset was statistically significantly earlier in
females, at 26 + 11 years vs 34 + 14 years (P=.012). Surprisingly considering the
significant statistical association between the age of onset of headache and gender, there was
no gender difference in the age of onset of vestibular symptoms (31 £ 12 years for females
and 35 + 13 years for males, £=.158).

Motion Sickness.——Symptoms of motion sickness since childhood were reported by
significantly more patients in the VM group (42%) than in the M group (2%) (Fig. 2e).

Family History.——There was no difference between the VM and M groups in terms of
family history of headache (Fig. 2f). In the VM group, 51% of patients and in the M group
57% of patients reported the presence of headache in family members (P = .49). In the case
of motion sickness, however, the difference in family history was significant, with the VM
group reporting 30% and the M group only 3% (Fig. 2g, A< .001, OR = 13.48, 95% ClI
3.47-58.61).

Headache Frequency.——There was no difference in the headache frequency between
the 2 groups (P = .82). Most patients suffered from weekly headaches (between 1 and 6 per
week, Fig. 2h).

Associated Symptoms.——The medical chart also provided a list of symptoms
associated with either the headache and/or vestibular symptoms. Those symptoms are
reported in Table 1. Notably, the only difference observed between the VM and M groups
related to the symptoms of aura and vomiting. VM patients reported less aura (2%) and less
vomiting (24%) than M patients (23%, < .001, OR = 0.07, 95% CI 0.01-0.27 for aura;
41%, P<.034, OR = 0.46, 95% CI 0.24-0.92 for vomiting).

The radar chart shown in Figure 3 illustrates the differences observed between the VM and
the M groups.

DISCUSSION

The primary outcome of this study is the novel finding that VM patients are more likely to
have occipital headaches vs M patients. Another important finding of our study is that we
found a strong association between the ages of onset of headache and of vestibular
symptoms in VM patients. This is consistent with the possibility that the 2 are

Headache. Author manuscript; available in PMC 2021 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Wattiez et al.

Page 7

mechanistically linked. A recent study independently found a similar result of association
between headache onset and vestibular symptoms onset.18 The final finding is that the
characteristics and symptomatology of patients suffering from VM and M do not completely
overlap: (1) the headache location is more likely to be occipital in VM patients than in M
patients (P < .001); (2) the age of onset of headache is higher in VM patients than in M
patients (P < .001); and (3) VM seems to be associated with motion sickness more than M (P
<.001). Therefore, a patient suffering from migraines with occipital location for their
headaches, who developed migraine at an older age and who has motion sickness may be at
a higher risk to develop VM down the line.

Comparing our results with prior literature, the onset of vestibular symptoms succeeds
headache by several years, consistent with literature.6:11:12.19.20 Here we report an average
age onset of vestibular symptoms of 32 years old; studies that specifically reported onset of
vestibular symptoms in VM patients found a range from 7 to 7221 and 38.19 Other studies
reported the average age of onset of VM and found that to be late 30 to 40 seconds or even
later.2:6.9.22 Since vestibular symptoms generally occur later in life than headache symptoms,
the age of onset of VM would correspond to the age of onset of vestibular symptoms in
patients who develop migraine headaches first and later in life fulfill VM criteria.
Concerning the co-occurrence of headache and vestibular symptoms, 46% of our patients
reported vestibular symptoms and headaches associated together and 4% reported them
independent of each other, consistent with another study reporting 48% and 5% respectively.
23 However, Beh and colleagues reported that headache accompanied vestibular symptoms
in half of their patients.3 It remains to be elucidated why VM headache and vestibular
symptoms do not necessarily occur on the same day. We also found that VM patients are
more likely to have personal and family histories of motion sickness than patients in the M
group, in agreement with previous findings.23-22 The fact that motion sickness occurs in
43% of our VM sample is consistent with prior studies (42%-78%),3:19:23.25 although the
motion sickness reported in our M group might have been underestimated (see limitations
section).

VM Pathophysiology Supports an Occipital Location of the Headache.—

Recent studies with the goal of elucidating the pathophysiology of VM (VM specifically and
as a separate entity from migraine) hint that structures located in the back of the head
(posterior fossa) are involved. First, the vestibular system involves fibers that send signals
from the vestibular ganglion to posterior fossa structures (the brain stem and cerebellum).26
Second, the involvement of the brainstem and cerebellum in migraine is already well
documented,2’-32 and finally in VM, the contribution of vestibular fibers within the
brainstem and cerebellum is supported by the presence of documented central vestibular
nystagmus during or between headaches in VM patients.33-36

Our study suggests the occipital location of headache is more common in VM than migraine.
A recent study based on a questionnaire found that 23% of VM patients had “back of the
head” location for their headaches, but this finding was not a primary outcome, was not
further discussed, and there was no comparison to a migraine group without vestibular
symptoms.19 A retrospective study from 1999 found that in patients with vertigo that could
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be related to migraine (this study predated VM criteria) found that 7/42 patients had
“occipital” location for their headaches; but again, there was no comparison group.?!

Interestingly, other pathologies that affect the posterior fossa can result in a headache in an
occipital location.3” For example, half of patients with vertebral artery dissection suffer from
vertigo/dizziness and headaches that are typically occipital.37-39 Patients with strokes in the
posterior fossa, including lateral medullary infarcts, report vertigo/dizziness and occipital
headaches.*° Patients with intracranial hemorrhages of the posterior fossa also have
headaches located in the occipital area.#! Finally, Chiari malformation, an abnormality in the
posterior fossa, causes vertigo/dizziness and occipital headaches.#2 These various posterior
fossa pathologies that cause vestibular symptoms and occipital headaches are consistent with
our finding of the occipital location of headaches in VM patients.

Of note, it is important to be clear that VM is different from migraine with aura of vertigo
(where vertigo happens prior to headaches and fulfills aura criteria according to ICHD3). In
VM, the vestibular symptoms can happen before, during or after the headache or be
independent of the headache.®

Limitations.—

A limitation of our study is the retrospective nature of the study which leaves gaps in the
information for some patients. Another limitation is that the questionnaires used in the 2
clinics differed because 1 focused on the treatment of vertigo/dizziness/balance problems,
whereas the other focused on the treatment of headaches. Two major differences in the
surveys related to how the occipital pain symptomatology and motion sickness were
identified. Regarding occipital pain, at the Balance Disorders Clinic, pain at the 2 sites,
headache location or neck pain, was asked about in totally separate questions and the
location question was open-ended, making it harder for the patients to answer in details, and
likely biasing the result for this group toward underestimating a possible occipital location
of the headache. On the other hand, patients at the Headache Clinic were asked to check
boxes corresponding to the location of their headache, and occipital/back of the head and
neck pain were all lumped together. Knowing that neck pain is very common in the general
population, including in M and VM patients,*3 therefore, if we were able to remove all neck
pain cases from the M group, the presence of occipital headache would possibly have been
even less pronounced in the M group. Therefore, the difference in the questionnaires
possibly led to an underestimation of the actual VM and M difference.

The second important difference in the questionnaires relates to how motion sickness was
reported. At the Balance Disorders Clinic, patients were asked specifically if they had
motion sickness, by asking a yes/no question whether they had car sickness. At the
Headache Clinic, the question was not asked directly, but some patients penciled in motion
sickness or car sickness under “other” symptoms. We suspect that this difference accounted
for the fact that far less motion sickness was reported in the M group than is expected from
prior literature.*4

Another limitation is that our sample does not reflect the estimated proportion of VM to M
in the general population. Even though VM is underreported, and thus the exact VM to M
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proportion is not known, we still suspect that the VM to M ratio in our simple random
sample does not reflect the general population. A prospective study can confirm these
preliminary findings. A final limitation of this study is that it does not include a population
of migraine patients who suffer from vertigo/dizziness yet do not fulfill the diagnostic
criteria for VM. A prospective study is needed to include those patients, as well as
comparing the patients with different vestibular symptomatology within the VM group and
those with and without aura. Nevertheless, this questionnaire-based study provides
information supporting the notion that there are key differences in the location of headache
in VM vs migraine patients, and in prior VM studies, questionnaires have shown good
validity and reliability.#1°

CONCLUSIONS

Although vestibular migraine shares numerous features with migraine,11 we found that VM
patients’ symptomatology does not completely overlap. The headaches in VM patients are
more likely to be occipital than those of migraine patients. VM patients develop headaches
later in life and are more likely to have motion sickness than M patients. Although the
number of clinical studies of VM is increasing, the number that directly compares the
symptomatology of VM patients to that of migraineurs is still too low to be able to draw
strong conclusions about the meaning of these observations. Future prospective longitudinal
studies will allow better discrimination between VM and M conditions, and possibly lead to
the identification of distinct treatments for more effective alleviation of the pain, and to
increases in the quality of life for many patients. The results of this retrospective study
support the initiation of a prospective study investigating whether a patient who develops
migraine headache later in life, has pain localized in the back of the head, and has a history
of mation sickness is more likely to suffer from vestibular migraine at a later age.
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103 patients
Occipital/back location Other location
45 patients 58 patients
Fig. 1.—.

Other location
54 patients

Illustration of selection of patient charts for this study. Patients were seen at a clinic
assessing patients for issues with dizziness and balance or at a clinic assessing patients for

headache.
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B Location of headache

- Bl Occipital
Other

82%
56%

<0.001
VM P ' M

D Association headache/VS

[o]
o

(2]
o

N
o

“a

Dizziness age of onset
e
o

o

(I) I 2I0 I 4I0 ' BIO ' 8I0
Hedache age of onset
F Family history of headache

o Yes
51% 56% = No
M P0493 M
H Frequency of headache
. > daily

. > weekly
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15% 11%
M P=0779

Demographics and symptoms of patients who were divided into the VM and M groups. (A)
Gender. (B) Occipital or other location of headache. (C) Age of onset of headache (missing
data: 16 for VM patients and 8 for M patients). (D) Association between ages of headache
onset and onset of vestibular symptoms (VS) in VM patients (linear regression, slope =
0.851, R2=0.763, P< .001). (E) Personal history of motion sickness (missing data: 5 for
VM patients and 2 for M patients). (F) Family history of headache (missing data: 2 for VM
patients and 1 for M patients). (G) Family history of motion sickness (missing data: 4 for
VM patients and 2 for M patients). (H) Frequency of headache (missing data: 18 for VM
patients and 12 for M patients). Missing data are not represented in these graphs and were
excluded from the statistical analysis. ***/£ < .001 Chi-square test between groups.
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Fig. 3.—.

R:dar chart showing demographics and symptoms for VM (red) and M (blue) patients.
Overlapping populations are purple. Occipital location, age of headache onset, and history of
motion sickness are grouped on the top right side of the graph to highlight the main findings
from the present study.
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