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Background and Objectives: Otalgia can be primary/otogenic or secondary as a referred
pain from another site, which can be difficult to establish owing to various causes and the complex innervation of the ear. In our center, we observed a large group of patients with unexplained
otalgia that had a higher prevalence of migraine. We hypothesized that migraine may cause
secondary otalgia. This study then aimed to determine the prevalence of migraine-associated
otalgia and evaluate the efficacy of migraine treatment. Subjects and Methods: This 2-year
retrospective study was conducted at a busy otology clinic. Patients were identified using diagnostic codes corresponding to otalgia. The prevalence of migraine-associated otalgia was determined, and the efficacy of migraine treatment was evaluated in these patients. The interventions included prophylactic and abortive migraine treatments. Statistical analysis was conducted
to compare between the pre- and post-treatment symptoms. Results: A total of 208 patients
with otalgia were identified. Sixty-four out of ninety patients with unexplained otalgia met the
criteria for migraine; of them, 30 patients had an adequate follow-up and were thus included in
the evaluation of treatment efficacy. Otalgia improved in 87% of the patients who received migraine treatment. After treatment, the mean pain score and headache frequency significantly
decreased from 7 to 2 and from 27 to 9 days per month, respectively (p<0.001). Conclusions:
Migraine should be considered as a source of secondary otalgia, and patients should receive
treatment as they often respond to migraine treatment.
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Introduction
Otalgia is a common chief complaint in both primary care
settings and the emergency room. More than 580,000 emergency departmeat visits in 2009-2011 in the United States were
attributed to otalgia [1]. Despite its high prevalence, the diagnosis and treatment of otalgia can be very challenging due to
the broad range of etiologies. Otalgia can be primary due to a
pathology within the ear or secondary as a referred pain from
another site. Overall, primary causes tend to be more common.
One clinical study found that roughly 70% of patients in their
practice were diagnosed with an otogenic etiology for their otalgia, and about 30% were diagnosed with a secondary etiology
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (https://creativecommons.org/licenses/by-nc/4.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the
original work is properly cited.

[2]. Men tend to have a primary cause, while women tend to
have a secondary cause [2,3]. The most common primary
causes of otogenic otalgia are chronic and acute otitis media,
external auditory canal infection and ear trauma [2]. The etiology of secondary otalgia can be often difficult to establish
due to various causes and the complex innervation of the ear.
The ear receives sensory innervation from both cranial and
spinal nerves and involvement of these nerves in different
pathologies may result in secondary otalgia. The trigeminal,
facial, glossopharyngeal and vagus nerves (CN V, VII, IX, X)
are the cranial nerves and spinal nerves include the lesser occipital (C2, C3) and greater auricular (C2, C3) nerves [4].
Common secondary causes include temporomandibular joint
disorder (TMJD), pharyngotonsillitis, dental issues, or even
the sentinel symptom of a head and neck malignancy [2,3].
In our tertiary referral center, we have experienced a large
percentage of patients presenting with otalgia that their pain
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could not be attributed to any primary or secondary reason
even with thorough work-up including complete history, head
and neck exam which may include endoscopic nasopharyngolaryngologic exam, and imaging tests when warranted such
as MRI, CT, and ultrasound. In some instances, patients were
referred to our colleagues in other specialties; however, no explanation for otalgia was discovered.
In the past decade we learned about the association between unexplained otologic symptoms such as dizziness with
migraine headaches which is now called vestibular migraine.
It was shown that the convergence of the trigeminal-vestibulocochlear system can result in dizziness [5]. Accordingly, we
hypothesize that migraine may play a role in some otalgia cases with unknown source.
Convergence is believed to be a phenomenon in which a single second-order neuron receives nociceptive input from multiple sites, and the brain is unable to localize the correct primary stimulus [6]. It has been shown that migraine pain arises
from the activation of meningeal perivascular afferents which
are innervated by trigeminal nerve (CN V) [7,8]. The trigeminal nerve also gives off numerous branches throughout the
ear including those that provide sensation to the anterosuperior pinna, external auditory canal and the lateral tympanic
membrane [6]. This viscerosomatic convergence of meningeal and extracranial cutaneous afferents can explain the extracranial symptoms of migraine such as allodynia in the territory of trigeminal nerve [9]. This may explain the role of
migraine in secondary otalgia, though otologic migraine-associated symptoms have not been characterized in the literature as well as other migraine symptomology. Perhaps this
subset of patients does not present to neurologists or neurologists do not associate otalgia with migraine [10].
In our tertiary care center, we observed that many of our patients with an unknown source of otalgia have a higher prevalence of migraine that often goes unrecognized by both the
patients and the referring providers. Likewise, Kuttila et al. [11]
found that the frequency of headache is higher in patients with
otalgia. On the other hand Anttila et al. [12] reported that patients with migraine are more likely to have otalgia compared
with patients suffering from other types of headache. The purpose of this study aims to more precisely describe the association between otalgia and migraine and to propose effective
therapy for this underrecognized patient population.

Subjects and Methods
The Institutional Review Board at Augusta University Medical Center approved this retrospective study of patients from
an otologic practice at a busy tertiary care center from August

2016 to October 2018 (No. 1370510-5). The informed consent was waived. All patients with ICD-10 codes corresponding to otalgia were identified from the electronic medical record system. Patient charts were reviewed for detailed medical
history, age, sex, duration of otalgia, characteristics of pain,
laterality, triggers, frequency and severity of otalgia pre- and
posttreatment, tinnitus, hearing loss, ear fullness, vertigo, and
prior ear surgery, physical exam findings, imaging studies,
audiologic findings, and detailed headache history and associated symptoms including nausea, vomiting, sensitivity to sound,
light, and cold. The reason for otalgia was determined based
on the collected data (history, physical exam and paraclinical
tests) and the percentages of different etiologies causing otalgia were calculated. Patients were classified in 3 major categories: 1- primary otalgia, 2- secondary otalgia with known
reason, and 3- secondary otalgia with unknown reason. Primary otalgia patients were identified as having a source of
otalgia within the ear itself such as otitis externa. Secondary
otalgia patients with known source were defined as having
ear pain without any identifiable source in the ear but with a
known pathology outside the ear such as TMJD. Patients with
secondary otalgia with unknown reason were defined as patient with no known source for otalgia inside or outside the ear
itself where the symptoms, physical exam and paraclinical tests
did not point to a specific cause.
To study the association between otalgia and migraine,
those with the known primary and secondary etiologies such
as acute and chronic otitis media as well as TMJD were excluded from the study. From this recent group, the patients who
met the following criteria were included for the study of the
efficacy of treatment: 1- patients diagnosed with otalgia of unknown origin, 2- positive history of migraine headaches meeting the criteria defined by the International Headache Society
[13], and 3- adequate follow-up, defined as a minimum followup period of 3 months and correspondence of how patients
were feeling.
These patients were treated similar to migraineurs [14,15];
Patients with 8 and more otalgia days per month were treated
by abortive and preventive (prophylactic) medicine and patients with 1-7 otalgia days were treated by abortive medicine only. All patients were given a list of migraine trigger
foods and were asked to avoid those foods. They were instructed to keep a diary of their symptoms. We used a stepwise approach to pharmacotherapy if escalation was warranted (Fig. 1). We started patients with one of the NSAIDs as
abortive treatment as well as one of the 1st line prophylactic
medications such as verapamil, nortriptyline, and topiramate
or 2nd line preventive medication such as propranolol where
it was indicated. Botox and alternative medications like gabwww.ejao.org
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apentin were tried after failure of three of the above preventive medications and/or intolerable side effects from the traditional migraine therapies.
Evaluation of the patients’ response to treatment was done
similar to the evaluation of the efficacy of migraine headaches
treatment. Patients were given a symptom log and they were
asked to record their pain scores (0-10) and earaches days
per month (0-31). A successful treatment was defined by at
least a 50% reduction in their pain score average in a month
and/or earache days. Pretreatment scores were compared with
posttreatment scores. All statistical analyses were performed
using SPSS statistical package version 27 (IBM Corp., Armonk,
NY, USA). Descriptive statistics were used for demographic
calculations. A Wilcoxon signed-rank test was used for the
comparisons of nonparametric data and t-test for parametric
data. Statistical significance was defined as alpha level less than
0.05 and confidence interval of 95% in all statistical tests.

Abortive

NSAIDS
(ibuprofen,
naproxen, etc.)

Preventative
1st line

Adults ＞55:
nortriptyline

Preventative
2nd line

Propranolol

Preventative
3rd line

Botox
injection,
gabapentin

Male ＜55:
verapamil

Female ＜55:
topiramate

Fig. 1. Treatment algorithm for migrainious otalgia.

Results
Patient demographics & characteristics
A total of 208 patients with otalgia were identified, 159 females and 49 males (Table 1). Otologic primary pathology was
the source of otalgia in 64 patients (31%) and 54 patients (26%)
had secondary, referred otalgia with known pathology. Like
previous studies, the most common primary and secondary
otalgia cases were acute and chronic otitis media and temporomandibular joint arthralgia. In the remaining 90 patients
(43%) no explanation was found for otalgia. 85 out of 90 patients (94%) had otalgia with headaches in which 64 patients
with unexplained otalgia (71%) met the International Headache Society (IHS) criteria for migraine headaches. The prevalence of migraine (71%) in patients with unexplained otalgia
is significantly higher than the general population in the United States in 2015 (15.3%), reported by Burch et al. [16] (χ2=
210.39, p-value is <0.001). As can be seen in Table 1, otalgia
is more common in females and white ethnicity in all the
groups of otalgia. The female to male ratio in patients with migrainous otalgia (4.8:1) is higher than the female to male ratio in non-headache otalgia group (2.6:1), but didn’t reach a
significant level (χ2=2.51, p-value=0.110).
Thirty patients out of sixty four patients with migraine headaches and unexplained otalgia (migrainous otalgia group) had
adequate follow-up and received the treatment similar to migraine headaches and were included in the final analysis for
efficacy of treatment. There were 25 females and 5 males in
this group and the female to male ratio was 5:1. The age range
was from 22 to 93 years with a mean of 52.6 years. Demographics are summarized in Table 1. The age and female-to-

Table 1. Patient demographics & characteristics
All patients w/otalgia w/o

All migrainous

Migrainous

headache

otalgia

otalgia w/treatment

48.5±17.7

47.00±18.63

51.51±15.47

52.6±18.9

159

89

53

25

49

34

11

5

Total

208

123

64

30

Sex ratio (F:M)

3.2:1

2.6:1

4.8:1

5:1

120 (57.7)

78 (63.4)

28 (43.7)

20 (66.7)

Black

70 (33.6)

31 (25.2)

34 (53.1)

8 (26.6)

Other

18 (8.7)

14 (11.4)

2 (3.1)

2 (6.7)

Right

86 (41.3)

51 (41.5)

32 (50.0)

9 (30.0)

Left

67 (32.3)

39 (31.7)

16 (25.0)

9 (30.0)

Bilateral

55 (26.4)

33 (26.8)

16 (25.0)

12 (40.0)

All patients
Age (yr)
Sex
Female
Male

Race
White

Laterality

Data are presented as mean±standard deviation or n (%)
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Symptom profile and associated symptoms
in the treatment group
The median duration of symptoms before diagnosis was
3.5 months. Triggerability of otalgia was seen in 47% of patients. Valsalva, exertion, head movement, change in body position, sound, bright lights, cold, change of barometric pressure and altitude were such documented triggers. Symptoms
were bilateral in 40% of patients (n=12). Otalgia was the chief
complaint in 93% (n=28) of the patients. Ear pain was characterized as continuous by 30% (n=9), sharp by 13% (n=4),
throbbing by 10% (n=3), and dull by 7% (n=2). Other subjective characteristics of pain included burning, scalding, pulsating, swishing, and popping. Aural fullness/pressure was
reported in 20% (n=6). Tinnitus was reported in 40% (n= 12)
and vertigo in 23% (n=7) (Table 2 and Fig. 2).
Migraine associated symptoms were also recorded. Both
phonophobia and photophobia were reported by 43% of patients (n=13). Nausea and/or vomiting were reported in 10%
of patients. The duration of ear pain ranged from 1 week to 3
years with a mean duration of 3.5 months, and the duration of
headache history ranged from 1 week to 30 years.
Treatment
Similar to migraine treatment, patients with 8 and more otalgia days per month were treated by preventive and abortive
medications and patients with 1-7 otalgia days were treated
by abortive medicine only. All patients were given a list of potential trigger foods and were asked to avoid them. Out of the
thirty patients studied, twenty-six patients were treated with
migraine prophylaxis consisting of nortriptyline, propranolol,
topiramate, gabapentin, or verapamil. Four were treated conservatively only with diet modifications per their request. Two
received botox injections per PHASE III Research Evaluating Migraine Prophylaxis Therapy (PREEMPT) protocol, after failing 2-3 medications above, which are approved for
chronic intractable migraine (at least 15 days per month lasting 4 hours per day) [17]. Fig. 1 shows the algorithm used to
treat migrainous otalgia which was based on the known treatment of migraine and the patient’s health status, risk factors,
and medical history.
Improvement of otalgia, which was defined by at least 50%
reduction in average pain score or headache days per month,
occurred in 87% of patients (n=26) and 57% (n=17) reported
complete resolution of their symptoms. Two patients did not
respond to the treatment, and two patients worsened after fail-

Table 2. Reported otalgia symptoms in our patient population (n=30)
Value
Laterality
Unilateral

18 (60)

Bilateral

12 (40)

Triggerability

14 (47)

Positional change

6 (20)

Sound or light

5 (17)

Valsalva

3 (10)

Pain characteristics
Constant

9 (30)

Aural fullness

6 (20)

Sharp

4 (13)

Throbbing

3 (10)

Dull

2 (7)

Other

6 (20)

Associated symptoms
Tinnitus

12 (40)

Hearing loss

10 (33)

Vertigo

7 (23)

Data are presented as n (%)

Symptomatology of study group
60

40
Response (%)

male ratio in this migrainous otalgia subgroup (n=30) were
not significantly different from the main migrainous otalgia
group (n=64) (p-values=0.208 and 0.784, respectively).
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Fig. 2. Symptomatology of treatment study group.

ing 2 to 3 classes of medications (Table 3). Prior to receiving
therapy, 63% (n=19) of our population had constant ear pain.
After treatment, 58% (n=11) of these 19 patients reported complete resolution of their pain. Median follow-up time was 6.5
months. The mean number of otalgia days per month (out of
30 days) significantly decreased from 27 pre-treatment to 9
post-treatment (p-value <0.001). The mean pre-treatment
pain score was 7 and significantly decreased to an average of
www.ejao.org
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Table 3. Treatment efficacy based on patient questionnaire, broken
into primary and secondary treatment medications

Medication
n
Tricyclic antidepressant

Primary

Secondary

treatment

treatment

Improved
(%)

n

Improved
(%)

11

91

7

57

Topiramate

6

50

1

100

Propranolol

4

80

1

100

Verapamil

4

74

1

0

Gabapentin

1

100

0

0

2

100

Botox Injections*

*onabotulinumtoxin A injections administered per PHASE III Re-

search Evaluating Migraine Prophylaxis Therapy (PREEMPT) protocol

2 post-treatment (p-value <0.001). These scores were extrapolated from patients’ otalgia journal kept daily during the treatment interval (0 being no pain and 10 being the worst pain).

Discussion
In the current literature, migraine pathophysiology and treatment data have been dominantly produced by neurologists as
it was thought to be a purely neurologic disease, but with the
light shone from other perspectives, we know that migraine
can present with many different symptoms other than headache involving other specialties including otolaryngology
[10]. It is conceivable for an otolaryngologist presented with
migrainous otalgia, to easily miss the diagnosis and attribute
the symptoms to a primary ear or sinus condition [10]. Many
studies documenting common causes for referred otalgia in
the clinical setting do not examine migraine as a potential cause
[18-20]. For example, in a study of origins of referred otalgia in
a tertiary setting, 150 out of 450 patients had referred otalgia
in which roughly 5% of patients (7 out of 150) had an unknown
origin for their otalgia and none was attributed to migraines.
Unfortunately, there are no standardized clinical criteria for diagnosing migraine associated otalgia and no easily discernable physical exam or radiologic findings that make the diagnosis of other causes of referred otalgia more straight-forward.
Headache and dizziness are the only two typical migraine
symptoms in the head and neck that are defined by clinical
criteria (the IHS for headache and Nehauser’s for vestibular
migraine) [10,13,21]. Various other head and neck manifestations can occur outside of the acute headache but are believed to result from the same pathophysiology process of migraines [10]. These symptoms include sinus pressure, nasal
congestion, and runny nose [22]. Referred migraine pain is
common throughout the head and neck, and as many as 80%
of patients with a “sinus” headache are diagnosed as fulfilling

94

J Audiol Otol 2022;26(2):90-96

IHS migraine criteria at time of screening [23]. Otologic symptoms of migraine include ear fullness and pressure, ear pain,
sound sensitivity, and tinnitus [24,25]. Sabra et al. [10] described ear pain and fullness as the most common non-dizzy
migrainous ear symptoms. “50 patients (46.3%) presented for
an atypical chief complaint out of which 34.2% were ear symptoms (mostly ear pain and fullness) and 14.8% nasal symptoms (mostly nasal congestion and sinus pressure) and 2.7%
had an ear and nose atypical chief complaint.” According to
Schulz et al. [22], 38.2% of patients with positive migraine
screening also reported unusual ear sensitivity and 38% experienced ear pressure. Teixido et al. [25] found that 77% of
their patients presenting with otalgia had a concordant headache history. All these data show the importance of the study
of other manifestations of migraine specially in the head and
neck area where they are dominantly innervated by trigeminal
nerve.
Migrainous otalgia has been previously described only sparingly throughout the literature. One other paper was identified
in our literature review that described the experience of treating patients with referred otalgia with traditional migraine
therapy [25].
In agreement with the criteria utilized by Teixido et al. [25],
we define migraine-associated otalgia or migrainous otalgia
as otalgia in the setting of:
1) The absence of primary otogenic problem such as otitis
media and secondary otalgia associated with non-otogenic
problem such as temporomandibular joint dysfunction, or upper aerodigestive disorder.
AND 1 or more of the following:
1) IHS defined migraine headaches and its subtypes,
2) triggerability by migraine triggers,
3) response to migraine therapy.
In our tertiary medical center, migrainous otalgia was found
in 64 patients out of 208 patients, which was as common as
primary otalgia (n=64). This high rate of migrainous otalgia
can be due to the difficulty of diagnosis of such cases in the
community by the primary care providers or general otolaryngologists and the resultant higher rate of referring to higher
level of care. The female to male ratio in our migrainous otalgia group was 4.8:1 which was lower than this ratio in Teixido
et al.’s study [25] (12:1) and was greater than the reported
3.3:1 ratio in the adult migraine population [26], though none
of these differences reached a significant level (χ2=1.1431,
p-value=0.285 and χ2=1.3489, p-value= 0.245, respectively).
According to Olsson [27], “if a patient has migraine, but
also has significant cochlear and/or vestibular dysfunction,
the migraine syndrome and the peripheral organ must both
be treated.” Our study is among the earliest to evaluate treat-
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ment outcomes in patients with otalgia and migraine headaches
by using migraine therapy. We propose treatment of migraine
associated otalgia with migraine therapy.
Our study reveals that otalgia of unknown source in patients
with history of migraine can be successfully treated with traditional migraine therapy. Our results echo the findings of
Teixido et al.’s study [25] which showed 92% of 26 patients
showed more than a 50% reduction in symptom scores with
migraine treatment. In our study, 87% had significant improvement and 57% of patients experienced complete resolution of
their earache after treatment. Our sample size was modestly
larger at thirty patients even after excluding thirty four patients
due to inadequate follow-up. Based on our experience, we created a treatment algorithm (Fig. 1). To follow this algorithm,
one should be aware of the side effects and contraindications
of these medications. For example, propranolol is not recommended for diabetic and asthmatic patients and those with
heart failure.
As with any retrospective chart review, a limitation is reliance on correct documentation and diagnosis tracking in the
electronic medical record. Another limitation in our study is
patient loss to follow-up. We had sixty four patients with unexplained otalgia who met IHS criteria for migraine and only
thirty patients who had sufficient follow-up were analyzed for
the efficacy of the treatment. However, the mean age and gender distribution were not statistically different between the
treatment study group and all migrainous otalgia group which
made this loss of follow up less detrimental. The other limitation was having more than one reason for otalgia in some patients where detailed history, physical exam and response to
the different treatments were used to determine the main reason of otalgia.
Due to markedly common presentation, it is necessary to
explore the frequency of stress symptoms, bruxism, and recurrent neck pain in patients with secondary otalgia [11] This
project is an introduction to a cohort research project to study
the migrainous otalgia and the outcome of the treatment.
In conclusion, migraine should be considered in the differential diagnosis of otalgia. In those with absence of other etiologies and with a history of migraine headaches, migrainous
otalgia is likely. As our findings demonstrated, these patients
often respond to known abortive and prophylactic migraine
medications.
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